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ABSTRACT. Manipulation of liquid oral drugs by mixing them into foodstuff is a
common procedure for taste-masking of OTC pharmaceuticals when administered to
children. However, the taste-masking capability of such application media is not systemat-
ically evaluated, and recommendations for suitable media are hardly published. In this study,
a sensor array of commercially available and self-developed electronic tongue sensors was
employed to assess the taste-masking efficiency of eight different beverages (tap water, apple
juice, carrot juice, fennel tea, fruit tea, milk, cocoa, and Alete meal to drink) on the OTC
pharmaceuticals Ambroxol-ratiopharm®, Cetirizin AL, and Laxoberal® by multivariate data
analysis. The Euclidean distances between each pure application medium and its
corresponding drug mixture were used as an indicator for the taste-masking efficiency and
correlated to the physico-chemical properties of the beverages. Thus, the pH value, the
viscosity, as well as the fat and sugar content of the beverages were included, whereas only
the viscosity appeared to be insignificant in all cases. The sugar content as well as the fat
content and pH value emerged to be a significant variable in taste-masking efficiency for
some of the tested drug products. It was shown that the applied electronic tongue sensors
were capable to demonstrate the impact of the physico-chemical properties of the application
media on their taste-masking capacity regardless of their non-selectivity towards these
characteristics.
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INTRODUCTION

A large variety of over-the-counter (OTC) pharmaceu-
ticals for pediatric use is available on the market and
frequently used in the treatment of prevalent diseases. Many
of these pharmaceuticals are supposed to be orally adminis-
tered and commonly available as oral liquids, such as syrups,
drops or suspensions or oral solids, such as tablets, capsules,
or granules (1). However, since most children are not able to
swallow ordinary tablets (2) but (so far hardly marketed)
mini-tablets (3), many parents, pediatricians, and pharmacists
tend to access liquid oral drugs (1). Although these dosage
forms are easy to administer (4), they are often developed
based on adult’s formulation and might therefore not meet
the requirements for suitable pediatric dosage forms (5), in

particular regarding palatability. In worst case, the drug will
be rejected due to longer-lasting bad taste (6,7). Within recent
years, palatability and taste became thus key factors in the
development of pediatric drug formulations (8–11). Industry
and academia put huge effort into the development of
properly taste-masked pharmaceuticals (12–15). However,
since more rather than less frequently used pediatrics do not
taste well, compliance issues are still common (16). In
particular with oral liquids, the advantages of maximum dose
flexibility and ease of physical swallowing might go at the
expense of proper taste (4). Parents but also nurses therefore
often manipulate the drugs by adding for example soft food
or beverages (2); and also some manufacturers recommend to
take liquid drugs dispersed in other liquids (17,18). Besides
the critical aspect of stability of the drugs, it remains unclear
whether the manipulation really leads to proper taste
masking.

A common step to evaluate palatability in pharmaceuti-
cal industry in the US is besides conducting taste panel
studies using electronic tongues (19). According to the
IUPAC technical report from 2005, an electronic tongue is
defined as Ba multisensor system, which consists of a number
of low-selective sensors and uses advanced mathematical
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procedures for signal processing based on Pattern Recogni-
tion and/or Multivariate data analysis..^ (20). Several pub-
lished studies, correlating data of human taste panels and
electronic tongue results, have proven that those instruments
are at least with some reservations able to predict the taste
(21–24). With regard to taste-masking evaluation of
pharmaceutics, usually principal component analyses (PCA)
are performed and according results plotted in PCA maps.
This evaluation method enables assessing the differences of
samples with regard to their detection by applied sensors. The
more similar the samples are detected by the applied sensors,
the closer their data points are located within the PCA map.
Proper taste-masking is therewith assumed, the closer the
data point of a taste-masked sample is located towards the
API free placebo (22,25). Besides chemical properties of the
drugs, such as pH, ion strength or type of counter ion also
physical properties, such as the viscosity, influence sensor’s
signals.

In particular with oral liquids, the advantages of maxi-
mum dose flexibility and ease of physical swallowing might go
at the expense of proper taste (4). Especially with drops,
where the drug is dissolved and little viscosity enhancer can
be added, proper taste-masking is a severe problem—which
might be manageable by manipulation with beverages. But
besides the critical aspect of drug stability, it remains so far
questionable whether the manipulation leads to proper taste
masking. According information could just be obtained
retrospectively, and no systematic studies have been per-
formed so far.

Assuming the stability of the APIs and the physico-
chemical properties of the investigated drug formulations, we
aim to prove suitability of electronic tongue sensors combined
with multivariate data analysis for taste-masking evaluation.
Drugs of interest are three over-the-counter (OTC) ready-to-
use pediatrics, which were mixed with various application
liquids differing in pH, viscosity, sugar and fat content.
Commercially available and self-developed sensors have been
applied to evaluate the benefit of using one or the other or
both type of sensors arrays in this regard.

MATERIALS AND METHODS

Materials

OTC Ready-to-use Pediatrics

The three over-the-counter (OTC) ready-to-use drops
Ambroxol-ratiopharm® (ratiopharm GmbH, 7.5-mg
ambroxol hydrochloride/mL), Cetirizin AL (ALIUD
PHARMA®, 10-mg cetirizin dihydrochloride/mL) and
Laxoberal® (Boehringer Ingelheim, 7.5-mg sodium
picosulfate/mL), approved for children (aged 2–6 years)
(Table I), were dispersed in different application liquids
(3.1.2).

Application Liquids

Tap water (TapWat), apple juice (AplJuice, babylove),
fruit tea (FruTea, Alnatura), milk (Milk, 1.5% fat), fennel tea
(FenTea, Rewe Bio), Alete Meal to Drink 8 Grains and
Honey (Alete, Nestlé®), Carrot Juice (CarJuice, Hipp GmbH

& Co), and Cocoa (Cocoa, Nesquik Nestlé®) were used as
application liquids.

Electronic Tongue Measurements

Potassium chloride (Gruessing, Filsum, Germany),
tartaric acid (AppliChem, Darmstadt, Germany), potassium
hydroxide (Gruessing, Filsum, Germany), hydrochloric acid
(Merck, Germany), and absolute ethanol (VWR interna-
tional, Darmstadt, Germany) were used for the preparation
of the washing and standard solutions for the electronic
tongue.

The measurements were performed with a sensor array
consisting of 15 different sensors. Eight of the sensors were
commercially available (Insent Inc., Atsugi-Shi, Japan) and
each dedicated to a defined taste: SB2AAE: umami taste,
SB2CT0: saltiness, SB2AE1: astringency, SB2CA0: sourness
SB2AC0: bitterness (cationic substances), SB2AN0: bitter-
ness (cationic substances), SB2BT0: bitterness (cationic
substances), SB2C00: bitterness (anionic substances). More-
over, seven self-developed membrane electrodes (3.1.4.) were
applied.

Sensor Preparation of Self-Developed Sensors

Polyvinyl chloride (PVC, Sigma-Aldrich, Steinheim,
Gemany), isopropylmyristate (IPM, Cognis GmbH,
Duesseldorf, Germany), 2-nitro-phenyl octyl ether (NPOE,
Fluka Analytical, Steinheim, Germany), trioctylmethyl am-
monium chloride (TC, Alfa Aesar, Karlsruhe, Germany), bis
(2-ethylhexyl) phosphate (BP, Sigma-Aldrich, Steinheim,
Germany), oleic acid (OA, Fluka Analytical, Steinheim,
Germany), hydroxypropyl-ß-cyclodextrin (HPßCD, Ro-
quette, Lestrem, France), a cyclodextrin oligomer (CDO,
HHU, Duesseldorf, Germany), tetrahydrofuran (THF, VWR
international, Darmstadt, Germany), absolute ethanol
(Sigma-Aldrich, Steinheim, Germany), and acetone (VWR
international, Darmstadt, Germany) were used for the
preparation of the electronic tongue sensors 1–7 (Table II).

Methods

Sensor Preparation of Self-Developed Sensors

Sensor membranes were prepared by dispersing different
amounts and types of a plasticizer, ionophore, and artificial
lipids with PVC and the organic solvents. The prepared
polymer suspensions were casted on a Hostaphan® foil
(Wiesbaden, Germany) with a coating knife of 1000 μm gap
width on a coatmaster (Erichsen, Sweden). The dried
polymer membranes were cut into pieces of 1.2 × 0.8 cm and
attached to a sensor head blank (Insent, Japan). The sensors
were filled with an internal solution of 3.33 M potassium
chloride in saturated silver chloride. A silver/silver chloride
wire was put into the sensor head functioning as the working
electrode. The prepared sensors were conditioned in standard
solution (0.3 mM tartaric acid and 30 mM potassium chloride
in distilled water) for 24 h before the measurements.
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Sample Preparation

The sample solutions were prepared by mixing a single
dose of the OTC drops with 40 mL of each of the different
application liquids as this volume was required by the
manufacturer of the taste sensing system (Insent Inc.,
Atsugi-Chi, Japan) (3.1.2). A single dose and thus the sample
solutions contained either 7.5-mg ambroxol hydrochloride,
2.5-mg cetirizin dihydrochloride, or 2.78-mg sodium
picosulfate. Taste samples (salty, sour, umami, bitter, and
astringency) for the sensor performance tests were prepared
according to Kobayashi et al. (24). Further sensor perfor-
mance was evaluated by analyzing pure application liquids
and measuring sugar solutions containing either 5 or 10% D
(+)-Saccharose (Carl Roth, Germany) in water and samples
comprising of a single dose of either one of the OTC drugs in
5 or 10% sugar solution.

Electronic Tongue Measurements

Electronic tongue measurements were performed ac-
cording to the measurement protocol of Woertz et al. (26)
with a stability criterion of 2 mV. The measurements were
performed five times, and only the three last runs were used
for data evaluation.

Data Evaluation

Microsoft Excel®, Origin Pro 9G, and SIMCA 13.0
(Umetrics AB, Umea, Sweden) were used for the data
evaluation. Sensor signals were corrected by an external
standard solution of quinine hydrochloride dihydrate
(Buchler GmbH, Germany) 0.5 mM. The mean of the last
three runs of every experiment was calculated and used for
multivariate data analysis.

Viscosity of the Application Liquids

Viscosity was analyzed by a rheometer (Kinexus Rhe-
ometer, Malvern Instruments, Germany), equipped with a 60-
mm cone-plate system (CP1/60:PL60). Measurements were
performed at 25°C and flow characteristics investigated
performing a shear ramp from 0.1 to 100 s−1 and from 100
to 0.1 s−1. The shear viscosity was evaluated at a shear rate of
20 s−1 and measured in triplicates.

Stability Testing

Stability of the APIs with regard to critical aspects of
the application liquids, such as pH and calcium concentra-
tion, was evaluated by HPLC. Methanol for HPLC (VWR
international, Darmstadt, Germany) and demineralized
water with either 5% hydrochloride acid (Merck, Germany)
or 5% sodium hydroxide (AppliChem, Darmstadt,
Germany) were used as mobile phase and for the sample
preparation for HPLC analysis. The HPLC instrument
(Agilent Technologies 1260 Infinity) was equipped with a
pump, autosampler, injector, UV detector, a C18 column
(Nucleosil-100-5-C18, 250 × 4.6 mm, 5 μm) (Macherey-
Nagel, Dueren, Germany), data evaluation was performed
with LC Open Labs software.

Pure ambroxol hydrochloride (Fagron, Germany),
cetirizine dihydrochloride (Buchler GmbH, Germany), and
sodium picosulfate (Ph. Eur. Reference Standard, S07850000,
EDQM, Strasbourg, France) were dissolved three different
solutions: in diluted hydrochloride acid (Merck, Germany),
pH=3 sodium hydroxide (AppliChem, Darmstadt, Germany)
solution of pH=8, and calcium phosphate dihydrate (Carl
Roth GmbH, Germany) solution (1.25 mg/ml). Each stability
sample was measured immediately after preparation, 1 hour
after preparation and 24 h after preparation.

RESULTS

Physico-Chemical Properties of the Application Liquids
and Their Influence on Drug Stability

Prior to taste-masking assessment, chosen application
liquids were analyzed according to their pH value and
viscosity. Furthermore, fat and sugar content as provided by
the producer were listed in Table III.

Moreover, potential food-drug interactions leading to
degradation of the API were examined. Pure APIs were
therefore stressed in solutions simulating the most critical
characteristics of the used application liquid (high pH, low

Table I. Composition and Indication of the Investigated OTCs

OTC product Drug substance Indication Excipients

Ambroxol-ratiopharm® Ambroxol hydrochloride Cough Potassium sorbate, hydrochloric acid, purified water
Cetirizin AL Cetirizin dihydrochloride Allergy Acetic acid 99%, glycerol, methyl-4-hydroxy benzoate (Ph. Eur.),

sodium acetate, propyl-4-hydroxy benzoate (Ph. Eur.), propylene
glycol, saccharin sodium, purified water

Laxoberal® Sodium picosulfate Constipation Sodium benzoate, sorbitol solution 70%, sodium citrate dihydrate,
citric acid monohydrate, purified water

Table II. Composition and Labeling of the Self-Developed Sensor
Membranes 1–7

Sensor Plasticizer Ionophore Artificial lipid Oleic acid

1 IPM CDO TC-BP x
2 IPM CDO TC-BP x
3 NPOE HPßCD TC x
4 NPOE HPßCD TC x
5 NPOE HPßCD TC x
6 IPM HPßCD TC-BP x
7 NPOE HPßCD TC x
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pH and Ca2+ concentration) individually. Preparing these
potentially critical solutions allows for the individual
evaluation their impact on the API stability. Therewith,
the complexity of the application media is reduced, and
potential effects could be detected in a precise manner. The
concentration of the pure API substances in demineralized
water was compared to their concentration (after storage)
in either solutions with pH 3, pH 8 (with regard to
Table III) or with 50 mg Ca2+ in 40 ml (comparable to
calcium content in milk (27)) (Table IV). Samples were
taken and measured (a) directly after dissolving the APIs in
the three critical solutions, (b) after 1 hour, and (c) after
24 h of storage. Neither one of the stress solutions nor the
prolonged storage time led to degradation of the APIs
ambroxol hydrochloride (content >98%) and cetirizin
dihydrochloride (>97%). Sodium picosulfate remained sta-
ble in each of the stress solutions for 1 hour (content
>98%). After 24-h storage, drug content in the water
solution was decreased to 95% and in the calcium contain-
ing solution to 89%. High standard deviations prove
decreased stability of sodium picosulfate over storage.

Considering an application directly after manipulation,
chosen application liquids can be assumed to be suitable for
taste-masking application.

Sensor Performance

Impact of Different Tastants on Sensor Responses

To classify the performance of the applied sensors (self-
developed and commercial ones), solutions used as references
for saltiness, sourness, umami, cationic and anionic bitterness
as well as astringency (24) were analyzed, and the according
sensor responses are displayed in Fig. 1.

All 15 sensors showed sensor responses arranged as a
recognizable spectrum. In this experiment, the commercially
available sensors from Insent Inc. (Atsugi-Shi, Japan) behave
contrary to the self-developed sensors. To the taste samples
salty, sour, cationic and anionic bitterness as well as to
astringency, sensors from Insent responded with different
negative potentials. For the same samples, the self-developed
sensors showed positive sensor signals. The umami sample
induced negative sensor responses for all sensors regardless of
their origin. Even if no sensor signal of the employed sensor
types was alike another, the sensor signals of the self-developed
sensors were much more related to each other. However, the
individual sensor signals for the different taste samples were
proven to behave selective for the different basic tastes.

Table III. Physico-chemical Properties of the Application Liquids: 1: Measured, 2: as Stated by the Supplier

Application liquid pH value1 Viscosity (mPa⋅s)1 Fat content (%)2 Sugar content (%)2 Taste

Tap water 5.8 1 0.0 0.0 Neutral
Apple juice 3.6 4 0.04 11.0 Sour/sweet
Fruit tea 4.0 1 0.0 0.3 Sour
Milk 6.6 2 1.5 4.5 Slightly sweet, fatty
Fennel tea 7.6 1 0.0 0.0 Neutral
Alete 6.3 321 2.9 11.3 Sweet, fatty
Carrot juice 5.4 2 0.1 4.5 Slightly sweet
Cocoa 6.7 27 1.6 11.6 Sweet, fatty

Table IV. Drug Content

Ambroxol hydrochloride Cetirizin dihydrochloride Sodium picosulfate

(a) Drug content directly after dissolving the drug
pH 8 103.43 ± 4.21 98.66 ± 0.97 100.95 ± 2.60
pH 3 100.83 ± 1.41 97.36 ± 1.15 98.83 ± 2.52
Ca2+ 102.06 ± 0.65 98.01 ± 0.56 100.43 ± 2.16
H2O 98.52 ± 1.46 97.26 ± 1.43 100.09 ± 2.30

(b) Drug content after one hour of storage at RT
pH 8 103.64 ± 1.75 97.57 ± 2.28 98.74 ± 2.93
pH 3 100.50 ± 1.17 97.19 ± 0.91 98.33 ± 2.47
Ca2+ 102.07 ± 1.57 97.29 ± 0.70 98.60 ± 1.99
H2O 99.58 ± 1.95 98.13 ± 1.24 98.49 ± 1.43

(c) Drug content after 24 h of storage at RT
pH8 104.12 ± 2.08 97.55 ± 1.45 98.54 ± 1.99
pH3 101.04 ± 0.50 97.84 ± 0.34 98.42 ± 1.78
Ca2+ 102.65 ± 1.20 97.96 ± 1.15 89.21 ± 7.93
H2O 100.34 ± 1.58 100.42 ± 1.58 95.37 ± 3.72

(mean ± s, n = 3)
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Impact of Sugar on Sensor Responses

The impact of sugar in the different beverages on the
sensor signals was evaluated by measuring (a) aqueous
solutions containing 5 and 10% of pure sugar and (b) the
ready-to-use drugs spiked with 5 and 10% of sugar.
Twelve out of fifteen sensors were suitable to differentiate
between the two pure sugar concentrations, resulting in
decreasing sensor responses with increasing sugar content:
self-developed: sensor 1 (difference of 8.47 mV± 0.36
between 5 and 10% sugar solution), sensor 2 (9.69 mV±
1.26), sensor 3 (9.00 mV± 1.21), sensor 4 (1.24 mV± 1.15),
sensor 5 (6.38 mV± 1.44), sensor 6 (0.98 mV± 0.47),
sensor 7 (10.24 mV± 1.67); commercial ones: SB2C00
(ac id i c b i t t e rne s s ) (6 . 09 mV ± 0 .39 ) , SB2AE1
(astringency) (4.52 mV± 0.46), SB2BT0 (hydrochloride
salts bitterness) (10.37 mV± 1.36), SB2CT0 (saltiness)
(1.29 mV ± 0.35), and SB2AN0 (basic bitterness 2)
(1.46 mV± 0.42).

Ten out of fifteen sensors moreover detected signifi-
cant differences of samples containing Laxoberal® spiked
with either 5 or 10% sugar solution. Contrary to the pure
sugar solutions, solutions containing Laxoberal® showed
increasing sensor signals with increasing sugar content.
These sensors were able to distinguish between the two
different concentrated sugar media: self-developed: sensor
1 (difference of 5.49 mV± 0.92 between Laxoberal® in 5
and 10% sugar solution), sensor 2 (5.41 mV± 0.75), sensor
3 (6.08 mV± 0.25), sensor 5 (1.80 mV± 0.19), sensor 7
(6.01 mV± 1.14); commercial ones: SB2C00 (acidic bitter-
ness) (6.37 mV± 0.52), SB2AE1 (astringency) (17.58 mV±
2.37), SB2BT0 (hydrochloride salts bitterness) (4.04 mV±
0.21), SB2CT0 (saltiness) (4.09 mV± 0.68), and SB2CA0
(sourness) (2.75 mV± 0.75).

Ability to Discriminate the Application Liquids

Application liquids (3.2.1) were analyzed by using on the
one hand the commercial sensor array (SB2AAE, SB2CT0,
SB2AE1, SB2CA0, SB2AC0, SB2AN0, SB2C00) and on the
other hand by using the self-developed sensor array (accord-
ing Table II). In a multivariate evaluation, commercial
sensors showed difficulties to differentiate between Alete®
and Carrot Juice and milk and cocoa (PC2, R2 0.889), while
self-developed sensors detected fennel tea, milk, and cocoa
very much alike (PC2, R2 0.998). Combining the information
of both sensor arrays led to a good discrimination of fennel
tea, carrot juice, Alete®, and milk/cocoa, which were still
detected comparably.

On the basis of the sensor performance results, we
expect improved results for the sensorial assessment, if the
information of all employed sensors is used to assess taste-
masking efficiency of the chosen application liquids on the
OTCs.

Taste-Masking Evaluation

Principal Component Analysis

Taste-masking efficiency of the application liquids was
assessed by multivariate analysis including the responses of
all 15 employed sensors. For each OTC pediatric, a principal
component analysis (PCA) was performed, using the sensor
responses as x-variables (Fig. 2, left). The closer the pure
application liquid sample is located to the according applica-
tion liquid-OTC sample, the better taste-masking was
assumed.

For Ambroxol-ratiopharm®, samples comprising a milk-
based application liquid are arranged in the lower left

Fig. 1. Sensor responses of the used sensors to the basic taste samples. (n = 3, mean ± s)
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quadrant. On the opposite site, the lower right quadrant, fruit
tea and apple juice samples are found. The samples in this
quadrant are dominated by the signals of the sensors for basic
bitterness, umami, and the sensors 1,2,3,6, and 7 depicted in
the loadings plots (Fig. 2, right). The samples located in the
upper right quadrant are based on tap water and are
represented by the sensors for acidic bitterness, astringency,
saltiness, sourness, and the sensors 4 and 5. The samples
containing fennel tea is to be found in the upper left
quadrant, featured by no specific sensor as well as the sample
based on carrot juice, which is located near the origin.

While tap water samples showed apparently the largest
distance, milk-based samples containing either milk, cocoa, or
Alete featured very high capacities to mask the taste of
Ambroxol-ratiopharm®, expressed in small differences be-
tween the corresponding samples. In addition to this, carrot
juice and apple juice showed also good taste-masking
efficiencies with small differences between their correspond-
ing samples.

In the PCA map for Cetirizin AL again samples
containing milk-based beverages are arranged in the lower
left quadrant, only pure Alete is located in the upper left
quadrant even though on the lower boarder. The samples
comprising fruit tea or apple juice are situated either in the
upper right quadrant, if consisting of the pure application
liquid, or in the lower right quadrant, if consisting of the drug
containing mixture. Since the lower right quadrant is domi-
nated by the sensor signals of sensors for basic bitterness and
hydrochloride salts bitterness among others (Fig. 2, right),
these signals are most likely provoked by cetirizin
dihydrochloride. The fact that the corresponding samples
are located in opposite quadrants indicates a low capability of
fruit tea and apple juice to mask cetirizin dihydrochloride.
Samples containing tap water are located in the upper right
quadrant, dominated by the signals of sensors for acidic
bitterness, saltiness, and astringency as well as of sensors 4
and 5 (Fig. 2, right). Tap water features similar distances and
taste-masking abilities like fruit tea and apple juice. Fennel

Fig. 2. Score scatter plots (PCA map) and corresponding loading scatter plots for the three OTC pediatrics
Ambroxol-ratiopharm® (R2 = 0.959, Q2 = 0.913), Cetirizin AL (R2 = 0.957, Q2 = 0.901), and Laxoberal® (R2 = 0.949,
Q2=0.825) containing the information of all samples based on the detection by the 15 employed sensors; each
sample was measured in triplicate but displayed as mean; data is ctr scaled
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tea and carrot juice showed regular taste-masking properties
on cetirizin dihydrochloride. The carrot juice samples are
located near the origin while the fennel tea samples are
situated in the upper left quadrant.

Corresponding samples of Laxoberal® showed consider-
ably larger distances within the PCA map indicating bigger
differences in taste. It is noticeable that all pure application
liquids are located in the upper quadrants while all drug
containing mixtures are located in the lower quadrants. This
indicates high sensitivity of the astringency sensor to sodium
picosulfate and thus low taste-masking efficiency of each
application liquid. Only Alete was able to properly taste-
mask sodium picosulfate, since the corresponding samples are
located in the upper left quadrant with a low distance.

Even though all three OTC pediatrics show different
PCA map patterns and the impact of the application liquids
on the sensor signals of the drug products differed from each
other, milk-based liquids seemed to show better taste-
masking properties than the other employed beverages. This
could be shown for all drug products. However, the distances
between the corresponding samples are difficult to be
estimated reliably and therefore hard to compare.

Euclidean Distances

Due to the abovementioned reason, the Euclidean
distances between the sensor signals of the pure application
liquids and the drug containing mixtures were calculated
(Fig. 3) (28). By doing so, differences between the application
liquids and application liquid-OTC samples become more
assessable. The Euclidean distances were calculated from the
sensor responses of all 15 sensors after a z-transformation to
ensure comparability of the different sensor signals. The

lower the Euclidean differences, the more similar the sensor
responses have been and the better the taste-masking
efficiency is assumed.

As a tendency for all drug formulations, it is seen that
tap water, fruit tea, and fennel tea showed the lowest taste-
masking capabilities. On the contrary, cocoa and Alete
feature the best taste-masking properties for all investigated
drug formulations. Milk, apple juice, and carrot juice have
differing effects on the taste of the OTCs. In the diagram, it is
also visible that Ambroxol-ratiopharm®—regardless of the
highest drug concentration applied in this study (7.5 mg/
40 mL)—can be better taste-masked compared to the other
OTCs, since it shows the lowest Euclidean distance obtained
in this study (cocoa) and moreover a recognizable low
Euclidean Distance for apple juice.

In detail, Ambroxol-ratiopharm® showed the lowest
Euclidean distances for cocoa, followed by Alete, apple juice,
and milk. Cetirizin Al on the other hand is best masked by
milk followed by cocoa and Alete. Apple juice does not seem
to have a remarkable taste-masking efficiency on Cetirizin Al.
Laxoberal® shows the lowest Euclidean distances for Alete
and cocoa.

DISCUSSION

Selection of OTC Pediatrics and Application Liquids

Ambroxol-ratiopharm®, Cetirizin AL, and Laxoberal®
were chosen as OTCs for pediatric use for this study. This
antitussive, antihistamine, and laxative are commonly used
for the treatment in children as oral liquids. However, they
are furthermore known to be often rejected by children,
which was confirmed by local pharmacy specialized for

Fig. 3. Euclidean distances (mV) of all samples for the liquid drugs Ambroxol-
ratiopharm®, Cetirizin AL, and Laxoberal® based on the detection by all 15 sensors (z-
transformation, n = 3, mean ± s)
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pediatric drugs (Apotheke in Wersten, Duesseldorf, Ger-
many). Due to this bad taste-related rejection, the employees
of the local pharmacy recommend to administer those drugs
dispersed in various beverages to mask the bad taste of the
drug formulation and to simplify the drug intake. A dilution
of the drops in beverages is also suggested by some
manufacturers (17,18).

As target group served children between 2 and 6 years
and had to be taken into consideration for the selection of the
investigated application liquids. As a result of a short parent’s
interview, eight beverages for pediatric nutrition with differ-
ent tastes and ingredients or nutrient profiles, respectively,
were selected to be mixed with the OTCs. Tap water was
included as a negative reference for taste-masking efficiency
but also as a reference for the drug stability within the
application media. As milk-based media, pure milk with 1.5%
fat, cocoa, and Alete were used. In addition, fruit tea and
fennel tea as media with a low sugar content and apple juice
with a high sugar content but low fat content in comparison to
cocoa were chosen. Although it was not mentioned by the
parents, carrot juice was also included, as it is often consumed
by children of the target group.

Taste-Masking Evaluation by Multivariate Data Analysis

The differences between the e-tongue sensor signals of
the pure application liquid and the OTC-application liquid
mixture demonstrate the capacity of the media to mask the
taste of the drug formulations. The closer the two corre-
sponding samples are arranged in the PCA maps, the more
successful the taste-masking of the particular application
liquid is assumed. For all three OTC pediatrics, milk-based
beverages seemed to show better taste-masking properties
than the other employed beverages, which is in good
agreement with the results of Sadrieh et al. (28) and well
explainable by the natural attraction of children to milk. The
included fat can moreover coat the taste-buds and thus avoid
the contact between an unpleasant tasting API and taste
receptors A more detailed and comparable look onto this
result was made by calculating the Euclidean distances of
each particular application liquid to each of the three OTC
pediatrics. Low Euclidean distances corresponding to a high
taste-masking efficiency could again be seen for cocoa, Alete
and milk, but regarding Ambroxol-ratiopharm®, also apple
juice seemed to be well taste-masking. Since these results are
(besides the chemical properties of the APIs) due to the
physico-chemical characteristics of the application liquids,
pH, content of fat, and sugar and the viscosity were therefore
considered for more detailed evaluation. All these properties
are supposed to positively affect taste-masking capacity:
An increased viscosity decelerates the diffusion of the
drug to the taste buds (15), resulting in potential taste-
masking efficacy. Sugar (sucrose) is known to have the
capability to mask the bitter taste of drugs (29) and is
despite its risk to provoke caries (30) still used in drug
products for this purpose (1,7). Lipids can increase the
viscosity in the mouth, which leads to a coating of the taste
buds and mask the bad taste (7). But more likely, drug
molecules partition into the lipid phase and thus reducing
their concentration in the aqueous phase (as reported for
quinine (31,32)) and thereby reducing the perceived

bitterness (14). Furthermore, since children are more
attracted by sourness than adults (33), the pH value also
plays an important role for proper taste-masking of
pediatrics.

Due to the postulated assumptions, the Euclidean
distances were correlated to the key characteristics of the
application media. Therefore, partial least squares projections
to latent structures were prepared (PLS). The pH value,
viscosity, fat content, and sugar content (input) are suspected
to be responsible for the formation of the Euclidean
distances. Thus, the Euclidean distances are set as the Y-
variable (output) while the input variables are set as the X-
variables (Fig. 4).

The Score Scatter plots for the three evaluated OTCs
showed very comparable information. Cocoa and Alete are
located in the lower left quadrant, apple juice in the upper
right quadrant, milk and fennel tea in the lower right

Fig. 4. Biplots showing scores and loadings of the PLS models for the
three tested OTCs Ambroxol-ratiopharm® (R2

x 0.981, R
2
y 0.683, Q

2

0,417) Cetirizin AL (R2
x 0.987, R

2
y 0.669, Q

2 0.456), and Laxoberal®
(R2

x 0.986, R2
y 0.892, Q2 0.768). The model contains the pH value,

viscosity, fat content and sugar content as X-variables and the
Euclidean distances as Y-variable; data was ctr scaled
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quadrant, fruit tea and carrot juice in the upper left quadrant,
and tap water on the baseline between the upper and lower
right quadrant. As indicated by the loadings in the biplot in
Fig. 4, the sugar content, located in the upper left quadrant, is
correlated to the Euclidean distances in a negative manner,
meaning a high sugar content leads to low Euclidean
distances. The pH value and the fat content are slightly
negatively correlated to the Euclidean distances, while
viscosity has a comparably lower impact (located nearest to
the origin). Although viscosity of applied liquids is except
Alete (321 mPas) quite low, as for example compared to the
dosing vehicle ORA-BLEND® SF (1000 mPas (34)), this is in
good agreement with the finding of Woertz et al. (35), who
could not prove an impact of viscosity on sensor’s signals.

The above-discussed correlations between the Euclidean
distances to each of the X-variables are also semiquantita-
tively evaluated by according coefficient plots in Fig. 5. For
Ambroxol-ratiopharm®, none of the physico-chemical prop-
erties showed a significant influence on the taste-masking

capacity. This is in good agreement with the Euclidean
distances in Fig. 3. The taste-masking of Ambroxol-
ratiopharm® is overall the best of all three OTC drugs.
Neither high sugar content (apple juice) nor a high fat content
(milk) nor high pH value was found to have a higher impact
on the Euclidean distances than another. All three aspects
appear to have good taste-masking capacities for Ambroxol-
ratiopharm®. The coefficient plot for Cetirizin AL features a
high impact of pH and fat content on the taste-masking
efficiency. Both characteristics are significant variables. This is
again confirmed by results displayed in Fig. 3. Milk-based
media with a higher fat content and pH value showed the best
taste-masking efficiency. Even if cocoa and Alete also feature
a higher sugar content, apple juice with a high sugar content
but low pH value and no fat content were not able to taste-
mask Cetirizin AL in a comparable manner. The taste-
masking efficiency on Laxoberal® was inferior to the other
drug products. Only a high sugar content combined with a
higher fat content could show better capabilities to taste-mask
Laxoberal®. In this manner, only cocoa and Alete feature
low Euclidean distances while milk (higher fat content) and
apple juice (high sugar content) did not. This is confirmed by
the coefficient plot in Fig. 5, where fat and sugar are
determined as significant variables for the taste-masking of
Laxoberal®.

As calculated, miLogP (method for logP prediction
developed at Molinspiration (36)) values of ambroxol HCl
were around 0 (−0.08) and lower compared to according
values of cetirizine dihydrochloride (−0.14) and sodium
picosulfat (−1.84), differing impact of the fat content is
reasonable.

Remodeling the coefficient plot without the viscosity
parameter, showing no significant correlation with the Eu-
clidean distances, does not lead change the above mentioned
findings.

Suitability of Electronic Tongue Sensors for Taste-Masking
Assessment

Evaluating the taste-masking capability of several appli-
cation media demonstrates the diverse applicability of
electronic tongue sensors, in particular considering the
different physico-chemical properties of the applied bever-
ages. In the recent study, sensor membranes have been
exposed to similar properties and conditions as the taste buds
in the mouth. Based on their robustness on the one hand but
sensitivity on the other hand, electronic tongue sensors are
assessed as very suitable for taste-masking assessment con-
sidering physico-chemical properties of the applied bever-
ages: one of the commercial sensors is dedicated to sourness
(SB2AC0). Thus, one could have expected more significant
impact of the pH value on the results—but the single sensor
response is neglected due to the non-specificity of the sensor
array (26). Although, sweeteners can to some extend be
measured with electronic tongues (37–39), taste-masking is
rather affected depending on molar amounts and ionic
structure of sweetener than their sweetening potency
(40,41). Fat dispersed in water compared to pure water also
shows different sensor signals (42), while viscosity does not
interfere with electronic tongue results (35). Considering our
results, a higher fat content significantly influenced the results

Fig. 5. Coefficient plots of the PLS models for Ambroxol-
ratiopharm®, Cetirizin AL, and Laxoberal® showing the correlation
of the X-variables pH value, viscosity, fat content and sugar content
on the Eucidean distances, ctr scaled
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of Laxoberal® and Cetirizin AL. The higher the sugar content,
the higher the impact on taste-masking results—although this
finding was only significant in case of Laxoberal®, a correlative
trend could be seen for each of the three OTCs. According to
the above-discussed results, this cannot be due to a resulting
higher viscosity, since viscosity did not interfere with the
obtained results. This finding might be of double interest for
further e-tongue studies: one the one hand, it is so far
recommended to avoid measurements in higher viscous media,
but no issues (including shelf life issues) appeared. Moreover, if
increased viscosity is not the explanation for the high impact of
the sugar content on taste-masking, a co-sensitivity of e-tongue
sensors for sugar in the presence of some drugs seems to exist
and should be further evaluated. And as sweetness is the most
convincing factor for children to take their medication, elec-
tronic tongue sensors have proven to be suitable for taste-
masking assessment in the recent study.

CONCLUSION

The taste-masking efficiency of eight different beverages
used as application liquids for the OTC pharmaceuticals
Ambroxol-ratiopharm®, Cetirizin AL, and Laxoberal® was
correlated to the physico-chemical properties of the liquids.As a
quintessence, milk-based and sugar-containing media showed
the best taste-masking efficiencies for all pediatric pharmaceu-
ticals even if the impact of the pH value, the viscosity as well as
the sugar and fat content of thosemedia showed varying impacts
on the taste-masking capability. The ability of the applied e-
tongue sensors to point out the different correlations between
the physico-chemical properties of the application media and
their taste-masking efficiency demonstrate their suitability in
taste-masking assessment.
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