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The  aim  of  this  work  was  to  produce  and  characterize  taste-masked  powders  of  a model  drug
(acetaminophen)  prepared  using  potentially  tolerable  and  safe  excipients  for  paediatric  use,  i.e. sodium
caseinate  and  lecithin.  The  powders  were  produced  by spray-drying  aqueous  dispersions.  The  charac-
teristics  of  taste-masked  drug  particles  were  determined  by  scanning  electron  microscopy,  differential
scanning  calorimetry  and  X-ray  photoelectron  spectroscopy  to analyse  the  surface  composition  of  parti-
cles. Taste  assessment  was approached  by  an  indirect  method  through  drug  release  studies.  We developed
a method  with  a syringe  pump  using  small  volumes  of aqueous  medium  and  low  flow  rates,  to  mimic
the  behaviour  in  the  mouth.  This  method  was  compared  to the  electronic  tongue  analysis.  SEM,  DSC
lectronic tongue
-ray photoelectron spectroscopy (XPS)
rug release studies

and  XPS  analysis  indicated  differences  in  surface  composition  of  spray-dried  particles  according  to  the
caseinate/lecithin  ratio  and  to relate  it with  taste-masking.  The  “coating”  consisting  of  caseinate  and
lecithin  had  a significant  role in  decreasing  the  release  of  drug  during  the  first  2  min  and  so  in  taste-
masking.  Higher  content  in  lecithin  results  in  higher  taste-masking  efficiency.  The  association  of  sodium
caseinate  and  lecithin  seems  to be  promising  to mask  the  bitterness  of acetaminophen.  A good  agreement

d  ele
between  release  study  an

. Introduction

Medicines for children have long been a neglected area. The
ack of appropriate dosage forms results in children frequently
rescribed medicines that are off-label, unlicensed without any
ata regarding their bioavailability, efficacy and toxicity. Conse-
uently, vulnerable patients within this age group are exposed to

 rate of medication errors higher than that for adult patients. Fol-
owing the implantation of European regulation with respect to

edicinal products for paediatric use, scientist community has to
peed up for making medicine available for children by encoun-
ering multiple problems of paediatric formulation (Ernest et al.,
007). Indeed, the taste of oral medicine is one of the most cru-
ial factors influencing adherence to therapeutic regimens and
herapeutic outcomes (Matsui, 2007). As a lot of active pharma-
eutical ingredients exhibit an unpleasant taste, taste-masking

ecomes particularly important. Basically, taste is transmitted
y the interaction of dissolved molecules with different targets

ocated in taste buds on the tongue. The mechanisms of signal

∗ Corresponding author at: College of Pharmacy, INSERM U1008, Université Lille
ord de France, 3 rue du Professeur Laguesse, 59006 Lille, France.
el.: +33 3 20964974; fax: +33 3 20959009.
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ctronic  tongue  analysis  was  established.
© 2012 Elsevier B.V. All rights reserved.

transduction after binding of the taste substance can be differ-
ent depending on the taste quality (Lindemann, 2001). Hence,
taste-masking strategy implies variety of technologies in order,
(i) to provide a physical barrier between the active substance
and the taste buds during drug uptake by coating, granulation,
encapsulation; (ii) to modify the drug solubility by chemical
derivatisation, complexation, use of ion-exchange resins, solid dis-
persions; or (iii) to alter the human taste perception by using
sweetener and flavour, bitter blocker substances, etc. (Douroumis,
2007; Ayenew et al., 2009). The question raised is if these
approaches can respond to requirements that effectively mask the
bitterness of drug without alter the bioavailability upon admin-
istration (Cram et al., 2009). In particular, as the safety data of
existing excipients and new excipients in children stay restric-
tive and insufficient, the selection of excipients types and levels
must be more carefully taken (Ernest et al., 2007; Fabiano et al.,
2011).

Spray-drying is a well-established, inexpensive and straight-
forward technology which permits to mask the unpleasant
taste of certain ingredients through encapsulation (Gouin, 2004;
Gharsallaoui et al., 2007). During this process, appropriate encap-

sulating materials enable the film formation at the droplet surface
as water evaporates. The functional properties of encapsulating
agent have an important role on resultant product characteristics
e.g. solubility, and therefore the taste-masking efficiency.

dx.doi.org/10.1016/j.ijpharm.2012.05.047
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:marie-pierre.flament@univ-lille2.fr
dx.doi.org/10.1016/j.ijpharm.2012.05.047
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Casein is a phosphoprotein making up 20–40% of the protein
n human milk and about 80% in bovine milk which also consti-
utes required nutrient composition for infant formulas (Keenan
nd Patton, 1995; Raiten et al., 1998; Abayomi, 2005). Derived prod-
ct of casein – sodium caseinate – is stated to be unhazardous and
ay  be regarded as food with not limited acceptable daily intake

SCOGS, 2012; WHO, 2012). Thanks to surface activity and desir-
ble neutral flavour, this latter has been extensively investigated
nd utilized as an encapsulating agent in a number of applications
or food through spray-drying (Imagi et al., 1992; Hogan et al., 2001;
ao et al., 2011). Also, lecithin is a mixture of surface-active agents
alled phospholipids. Considered as a GRAS (Generally Recognized
s Safe) substance, there is evidence that phosphatidylcholine, a
ajor component of lecithin, is important as a nutritional sup-

lement to foetal and infant development. Furthermore, choline
s a required component of FDA-approved infant formulas (Raiten
t al., 1998). In a preliminary study, lecithin is shown to have com-
lementary effect on slowing down the wettability of spray-dried
owder and thus the dissolution of taste-masked powder.

The aim of this study is to produce and characterize taste-
asked powders of acetaminophen (used as model drug) prepared

y spray-drying using potentially tolerable and safe excipients for
aediatric use, i.e. sodium caseinate and lecithin. Taste assessment

s approached in vitro by an indirect method through drug release
tudies. We  developed a method with a syringe pump using small
olumes of aqueous medium and low flow rates, to mimic  the
ehaviour in the mouth. This method is compared to the electronic
ongue analysis. To explain the taste-masking, we analysed the
omposition at the particle surface with the X-ray photoelectron
pectroscopy.

. Materials and methods

.1. Materials

Pulverised acetaminophen from Cooper (Melun, France);
asein sodium salt from bovine milk (sodium caseinate) from
igma–Aldrich (Missouri, USA); refined soybean lecithin from Alfa
esar (Massachusetts, USA); acetonitrile HPLC grade (99.9%) and

riethylamine HPLC grade (99.9%) from Fisher Chemical (Leicester-
hire, England); phosphoric acid powder analytical grade (99.9%)
rom Merck (Darmstadt, Germany). The materials were used as
eceived.

.2. Methods

.2.1. Spray-drying experiment
The feed dispersions, whose compositions are given in Table 1,

ere made by combining acetaminophen, sodium caseinate and
ecithin in distilled water and stirring overnight before being spray-
ried in a Mini Spray Dryer B-190 (Büchi Labortechnik, Flawil,
witzerland). The spray-dryer equipped with a spray nozzle of

.5 mm orifice diameter was a co-current model, using compressed
ir as atomising and drying air. The process parameters were
escribed as follow: the temperature of drying air (inlet temper-
ture) was 130 ◦C, resulting in outlet temperature of about 75 ◦C;

able 1
eed dispersion composition in distilled water for spray-drying experiments.

Formulation % (w/w)

Acetaminophen Sodium caseinate Lecithin

:0.5a 1.0 1.0 0.5
:1.5a 1.0 5.0 1.5

Ratio of sodium caseinate to lecithin.
f Pharmaceutics 434 (2012) 235– 242

the spray flow was 300 L/h; the pump feed was 4 mL/min with max-
imum aspiration. The spray-dried powders were stored at 20 ◦C and
12%RH before analysis.

2.2.2. Determination of the drug content
A quantity of powder equivalent to 10 mg  of drug was com-

pletely dissolved in distilled water and analysed by HPLC in order
to determine the drug content of 1:0.5 and 5:1.5 formulations after
spray-drying. The analysis was performed on six replicates. The
average content and the recovery rate related to the nominal dose
were calculated.

The HPLC system was equipped with a ProStar 230 pump, a
ProStar 410 auto-sampler, a ProStar 325 UV-Vis detector (Varian
Inc., Les Ulis, France). The separation was performed on a Synergi
Hydro-RP column (4 �m,  250 × 4.6 mm i.d.) (Phenomenex Inc., Le
Pecq, France). The column temperature was maintained at 30 ◦C.
The mobile phase was  a mixture (16:84, v/v) of acetonitrile and an
aqueous phosphate buffer containing monobasic potassium phos-
phate (20 mM),  triethylamine (0.2 mL/L) and adjusted to pH 3.3
with phosphoric acid solution (3 N). The flow rate was 1.0 mL/min
and the injection volume was  15 �L. The effluent peak was moni-
tored at 243 nm.  Chromatographic data were acquired by Galaxie
Software.

2.2.3. Particle size distribution by laser diffraction
The particle size distribution of spray-dried powder was  mea-

sured by a Mastersizer S (Malvern Instruments, Orsay, France) using
a 300 mm lens. The sample was dispersed in the dry state with
compressed air at 4 bar by a powder feeder.

2.2.4. Scanning electronic microscopy (SEM)
The morphology of spray-dried particle was visualized by a

Hitachi S4700 apparatus (Tokyo, Japan) operated at an accelerat-
ing voltage of 3 kV. The micrographs were taken from the powder
surface previously coated with carbon.

2.2.5. Differential scanning calorimetry (DSC) and X-ray
diffraction (XRD)

The experiment was performed on a DSC 1 (Mettler Toledo,
Greifensee, Switzerland). Samples were placed into non-hermetic
aluminium pans and heated from 25 to 250 ◦C at 10 ◦C/min under a
nitrogen purge. The reference was  an empty aluminium pan. Tem-
perature and enthalpy readings were calibrated using pure indium
and zinc.

The crystallinity of the powders was  assessed by X-ray diffrac-
tion (XRD) with a PANalytical X’Pert Pro MPD  diffractometer,
equipped with a Cu X-ray tube (�CuK�: 1540 Å). Samples were
placed into Lindemann glass capillaries (diameter 0.7 mm). The
measurements were performed in transmission mode with inci-
dent beam parabolic mirror and X’celerator detector.

2.2.6. X-ray photoelectron spectroscopy (XPS)
The XPS measurements were carried out by an AxisUltra

DLD spectrometer (Kratos Analytical, Manchester, UK) using a
monochromatized aluminium source (Al K� = 1486.6 eV). The spec-
trometer binding energy scale was initially calibrated against the
Ag 3d5/2 (368.2 eV) level. The powder sample was  attached on the
sample holder using a double side conductive tape. The experiment
was conducted under vacuum of less than 10−10 Torr. The photo-
electron take-off angle was  perpendicular to the sample. Survey
scan was acquired with 160 eV analyzer pass energy at 1.0 eV step
for 100 ms  dwell time and the high-resolution spectra with 20 eV

pass energy at 0.05 eV step for 300 ms  dwell time. The analysed area
of the powder was  approximately 700 × 400 �m.  The C 1s hydro-
carbon (285.0 eV) binding energy was used as internal reference.
Charge compensation was applied to compensate for the charging
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ig. 1. Schematic illustration of continuous flow system for in vitro drug release
tudy.

ffects that occurred during the analysis. Spectra were analysed
sing CasaXPS software.

.2.7. In vitro drug release study
The experiment was  performed on a continuous flow system

Fig. 1). A quantity of powder equivalent to 10 mg  of drug were
laced in an unpacked Omega column tube (4.6 mm × 5 cm)  fit-
ed with 0.5 �m frits and connected with 1.6 mm  o.d. tubing at
ach end. The column assembly, frits and tubing consisted of PEEK
olymer were purchased from Upchurch Scientific (Washington,
SA). The phosphate buffer saline pH 7.4 (European Pharmacopeia
.5) was supplied to the column inlet at 1 mL/min by a PhD 2000
yringe pump (Havard Apparatus, Massachusetts, USA) that simu-
ates the stimulation rate of saliva in human (Preetha and Banerjee,
005). Heating (37 ◦C) of the column was achieved using a column
eater. Sampling was carried out by collecting the solution at the
utlet of tubing at different time points: 2, 4, 6, 8, 10, 15, 20, 25
nd 30 min. The released quantity of drug was then determined by
PLC. The release study was also performed with the pure drug for
omparison.

.2.8. Electronic tongue (e-tongue) analysis
The Astree electronic tongue (Alpha MOS, Toulouse, France)

as equipped with an Alpha MOS  sensor set # 2, a 48-position
uto-sampler and a stirrer. The sensor set consisted of seven
ross-selective liquid sensors (ZZ, AB, BA, CA, DA and JE) for phar-
aceutical applications, based on chemically modified field effect

ransistors (ChemFET), i.e. each sensor was enabled to react to sev-
ral different chemical substances with different sensitivity. The
otentiometry was performed using an Ag/AgCl reference elec-
rode. Data were acquired and analysed by AlphaSoft software. The
ctive samples containing 0.4% of drug (w/v) were prepared by
dding the powder of pure drug (reference), the 1:0.5 and 5:1.5
aste-masked formulations in deionized water. The correspond-
ng placebo therefore contains water (versus the active sample of
ure drug) or aqueous solution of sodium caseinate and lecithin
versus the active samples of taste-masked formulations) at the
ame excipient content, which manifest no unpleasant taste at the
sed ratio. For measurement, the electric potential was recorded for

 min  but only the signals of the last 20 s were taken into account.
amples were replicated at least four times and only the last three
eplicates were considered in data analysis. The sensors were rinsed
ith deionized water following each analysis.

. Results and discussion

.1. Characteristics of taste-masked drug particles

The drug content of spray-dried powders is determined in the
ange of 39% and 13.4%, which corresponds to a recovery rate of
bout 97% and 100% for the 1:0.5 and 5:1.5 formulations, respec-

ively.

The Fig. 2 represents the particle size distribution of spray-dried
owders. Given that the 1:0.5 formulation has a lower solid con-
ent in the initial feed dispersion (2.5%, w/w against 7.5%, w/w
Fig. 2. Particle size distribution of spray-dried powders obtained from 1:0.5 taste-
masked formulation (full line) and 5:1.5 taste-masked formulation (dashed line).

for 1:0.5 and 5:1.5 formulations, respectively), this one results in
smaller particles with a mean diameter of 5.6 �m and span of 1.4
in comparison to 10.1 �m and span of 2.2 for the 5:1.5 formulation.

The scanning electron micrographs shown in Fig. 3 demonstrate
a great difference in the spray-dried particle morphology accord-
ing to the different ratio of sodium caseinate to lecithin. In the
case of the 1:0.5 formulation, the particle is shown to be spherical
and to have some attached crystals which are probably due to the
crystallisation of drug onto the surface. In contrast, the 5:1.5 formu-
lation gives a “smooth” surface without appearance of crystalline
form and the particle exhibits an irregular form. Such morphology
has been typically reported for spray-dried proteins in the liter-
ature (Maa  et al., 1997, 1998; Chew and Chan, 2001; Elversson
and Millqvist-Fureby, 2006; Vehring, 2008). It has pointed out that
surface-active molecules such as protein absorb preferentially at
the air–liquid interface of multi-component droplets and are thus
detected with an increased concentration at the surface of the dried
particle. In addition, the enrichment of protein on the surface up to
a certain extent can modify the particle morphology, which might
be the case of 5:1.5 formulation (Hogan et al., 2001; Vehring, 2008;
Fäldt and Bergenståhl, 1994, 1996).

As shown in Fig. 4, the DSC curve of pure drug shows a melt-
ing point onset at 169.2 ◦C and a fusion enthalpy of 27.1 kJ/mol
(expressed as absolute value). This confirms that the initial
acetaminophen used in this study is of monoclinic polymorph
(form I). The DSC patterns of corresponding physical mixtures of
the 1:0.5 and 5:1.5 formulations reveal also a large endothermic
peak of fusion onset at 169.2 ◦C and 169.8 ◦C with a lower fusion
enthalpy in the range of 18.1 kJ/mol and 16.1 kJ/mol, respectively.
This phenomenon might be explained by the fact that the increasing
isolation of the crystalline component prevents an effective heat
transmission within the mass of the physical mixture (Giordano
et al., 2002). In particular, this effect is more pronounced in the case
of the 5:1.5 mixture with higher content of excipients. Observed

derivation of the fusion peak characterizes thus a pre-fusion fol-
lowed by the fusion of acetaminophen form I. The DSC pattern
displays also an only endotherm event at the onset temperature
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an over-representation of sodium caseinate on the surface of the
5:1.5 spray-dried powder. The elemental composition determined
by XPS shows the most abundance of P 1s for lecithin such that the
Fig. 3. SEM micrographs of spray-dried particles obtained from (a)

f 158.5 ◦C and an enthalpy of 16.1 kJ/mol for the 1:0.5 spray-dried
owder. This implies that, in the case of the 1:0.5 formulation, the
rystalline drug present at the surface (as observed on SEM micro-
raphs) and/or drug substance constituted in the core might exist
n orthorhombic polymorph of acetaminophen (form II) and melt
t a lower temperature with a relatively lower fusion enthalpy (Di
artino et al., 1997; Nichols and Frampton, 1998; Sacchetti, 2000;

speau et al., 2005). It is likely that the crystallisation of form II
ccurs at the air–liquid boundary of the droplet, where drug sub-
tance becomes concentrated so far as the droplet is dried. The form
I has remained stable for several months under controlled storage
onditions (20 ◦C and 12%RH) since the moisture was effectively
emoved through spray-drying. In contrast, no particular peak is
ecorded for the 5:1.5 spray-dried powder, which indicates that
rug might exist under molecular state. It can be explained by the
act that drug molecules in the solution of droplet remain dispersed
n the dried particle by the higher amount of available excipients,
.e. sodium caseinate and lecithin.

The X-ray diffraction (Fig. 5) confirms the DSC results. In a pre-
iminary study, X-ray diffraction was carried out for spray-dried
owders containing the same ratio of drug to sodium caseinate
s the two investigated formulations in this paper, except that no
ecithin was incorporated. As it can be seen on Fig. 5, only the 1:1

ixture (equivalent to the 1:0.5 formulation) presents some peaks
hat match with the pure drug and that are not present in the 1:5

ixture (equivalent to the 5:1.5 formulation). The XRD confirms
he crystalline form of drug in the 1:0.5 formulation, but it is not
he case for the 5:1.5 formulation.

The XPS is a well-established technique that allows getting

reater insight about the 10 nm-outermost layer composition of
articles which may  determine the product properties such as
owability, stability, wettability and even solubility. As shown in

ig. 4. DSC thermographs of (a) pure drug, (b) 1:0.5 physical mixture, (c) spray-dried
ample, (d) 5:1.5 physical mixture and (e) spray-dried sample.
taste-masked formulation and (b) 5:1.5 taste-masked formulation.

Fig. 6, the deconvoluted C 1s spectra of acetaminophen, 1:0.5 and
5:1.5 formulations reveal multiple chemical environments. Only
acetaminophen exhibits peaks at 291 and 292.5 eV assigned to the
� electrons and �–� transitions within the phenyl ring, respec-
tively. So, it seems that there is no drug molecule absorbed on
the surface of spray-dried particles. This trend seems to be con-
tradictory to the results of SEM and DSC for the 1:0.5 formulation.
It suggests that, according to the crystallisation conditions, the
growth habit results in different manner of molecular stacking for
each facet of crystal (Espeau et al., 2005; Beyer et al., 2001). As
described by (Heng and Williams, 2006; Heng et al., 2006), there
are strong variations in the surface chemistry of each facet. Also,
the noted contributions of acetaminophen might be induced in
the arrangement of crystal lattice and is therefore not detectable.
In the other hand, the depletion of acetaminophen observed for
the 5:1.5 formulation is in agreement with SEM study and will be
further discussed. The composition of sodium caseinate involves
a small atomic concentration of Na 1s and S 1s attributed to the
alkali trace due to the manufacture and the cysteine of polypeptide
chains, respectively. These elements imply the presence of sodium
caseinate at the surface of both spray-dried powders (Table 2). In
particular, more intense intensity around 531 eV assigned to C O
function corresponding to the peptide bonding of casein (Fig. 7)
is observed for 5:1.5 formulation in the O 1s spectra. Moreover,
the deconvoluted spectrum of the latter is very similar to sodium
caseinate in the relative ratio of C O/C O (Table 3). It indicates
Fig. 5. XRD patterns of (a) pure drug, (b) sodium caseinate, (c) 1:1 mixture and (d)
1:5  mixture.



T.H. Hoang Thi et al. / International Journal of Pharmaceutics 434 (2012) 235– 242 239

Fig. 6. Deconvoluted C 1s XPS spectra for (a) acetaminophen, (b) 1:0.5 taste-masked
f

p
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c
t

Table 2
Elemental composition for acetaminophen, sodium caseinate, lecithin, the 1:0.5 and
5:1.5 formulations.

% in atomic concentration

C 1s O 1s N 1s P 1s Na 1s S 1s

Acetaminophen 76.0 15.9 8.1 − − −
Sodium caseinate 70.7 15.2 13.3 0.2 0.3 0.2
Lecithin 81.1 16.2 1.0 1.3 − −
1:0.5 formulation 79.2 14.3 5.5 0.8 0.1 0.1
5:1.5 formulation 75.1 14.5 9.7 0.4 0.2 0.2

In this study, two  in vitro methods are utilized for taste-masking
evaluation, including drug release study and Astree e-tongue anal-
ysis. A good agreement between these two  methods is established

Table 3
Deconvolution of O 1s spectra for acetaminophen, sodium caseinate, lecithin, 1:0.5
and  5:1.5 formulations.

Function Binding energy
(eV)

% in atomic
concentration

Acetaminophen C O 531.9 35.6
C  O 533.3 63.0

Sodium caseinate C O 531.6 72.0
C  O 533.1 24.6

Lecithin C  O 531.4 25.0
C  O 533.6 25.0

1:0.5 formulation C O 531.4 35.1
C O 533.6 14.1
ormulation and (c) 5:1.5 taste-masked formulation.

resence of lecithin contributes to a higher atomic concentration
f the 1:0.5 formulation in comparison to the 5:1.5 formulation
Table 2). Briefly, the 1:0.5 formulation generates particles with all

omponents in the bulk composition found on the surface, whereas
he 5:1.5 particle surface is mostly covered by sodium caseinate.
Fig. 7. Chemical structure of (a) acetaminophen, (b) sodium caseinate, and (c)
lecithin.

3.2. Taste-masking evaluation by drug release study and
e-tongue analysis

Although the human taste panel is a preferential method for
taste assessment, this is challenging for paediatric population as
the taste panel established in children is quite difficult to perform
because of safety, children’s cognitive ability, sociocultural differ-
ence, cost and ethical issues, etc. In addition, if adults are implied
as assessor, it is not consistent to extrapolate the result onto the
paediatric population (Anand et al., 2007; Davies and Tuleu, 2008).
5:1.5 formulation C O 531.6 72.1
C O 533.1 27.9
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nd thus may  offer alternative solutions for taste assessment in the
arly stage of drug development.

Taste-masking is achieved if, within the frame of 1–2 min, drug
ubstance is either not released or the released amount is below
he human threshold for identifying its bad taste. In this study, the
elease of drug is monitored using a novel continuous flow sys-
em that allows not only mimicking the realistic conditions in the

outh, but also effectively predicting the taste-masking effect. The
ig. 8 shows the release profiles as a function of time for unmasked
cetaminophen (pure drug), the 1:0.5 and 5:1.5 formulations. Con-
idering the concentration of released drug within the first 2 min,
e obtained 0.91 mg/mL  and 0.76 mg/mL  for the 1:0.5 and 5:1.5

ormulations respectively. The bitterness threshold reported in the
iterature is highly varying. For example, Albertini et al. (2004)
ound a value of 1.08 mg/mL  whereas Shiino et al. (2010) found
5 �g/mL. We  are under the value found by Albertini et al. but not
nder the one of Shiino et al. So, further works are carried out in
rder to decrease the release within the first 2 min.
It is clear that the “coating” consisted of sodium caseinate and
ecithin has a significant role in decreasing the release of drug.
ndeed, during first 2 min, the 1:0.5 and 5:1.5 formulations demon-
trate lower released amounts at 1.7 and 2.5 folds less than the

ig. 9. Radar plots of all sensor responses to active samples (in red) and corresponding p
:0.5  taste-masked formulation and (c) 5:1.5 taste-masked formulation. (For interpretatio
ersion of the article.)
Fig. 8. Drug release profiles as a function of time of the 1:0.5 and 5:1.5 taste-masked
formulations in comparison to the pure drug studied by the continuous flow system.
unmasked drug, respectively. As discussed above, in the case of
the 1:0.5 formulation, a partial drug content present on the surface
enables a relatively higher release compared to the 5:1.5 formula-
tion (18% against 12%, respectively) in the early minutes. Once the

lacebo (in green) through the last three replicates obtained from (a) pure drug, (b)
n of the references to colour in this figure legend, the reader is referred to the web



T.H. Hoang Thi et al. / International Journal of Pharmaceutics 434 (2012) 235– 242 241

F e elec

o
e
t

t
r
c
(
i
s
(
l
v
t
o
b
i
t
t
r
c
e
t
r
e
o

4

b
s
l
l
t
X
c
m
w
s

ig. 10. Electronic tongue “taste map”: global signal comparison (PCA analysis of th

uter layer is washed out, drug released amounts attain the same
xtent of about 71% after 30 min  for both taste-masked formula-
ions.

More insight about the general taste of taste-masked formula-
ions is also evaluated by means of Astree e-tongue. Fig. 9 plots the
esponses of seven sensors to sample through the last three repli-
ates. All sensors show stable signals with satisfactory repeatability
RSD < 5%). The responses from all seven sensors are thus taken
nto account for data analysis. Based on the 7-dimensional data
et obtained from these sensors, a principal component analysis
PCA) is applied in order to reduce the dimensional space without
osing information. The variance of original data can be almost con-
eyed within two new axes, i.e. PC1 and PC2. The methodology of
he Astree e-tongue in taste assessment bases on the comparison
f distances “active versus placebo” calculated from the PCA map
etween formulations. A shorter distance reveals higher similar-

ty of the active sample to the corresponding placebo in term of
aste, i.e. neutral or close to neutral taste of placebo. As shown in
he Fig. 10,  the PC1 and PC2 explain 91.96% and 7% of data variance,
espectively. It appears that both 1:0.5 and 5:1.5 formulations are
loser to the corresponding placebo, in comparison to the refer-
nce of pure drug, therefore reflect a better taste improvement for
aste-masked formulations. The masking efficiency is particularly
emarkable for the 5:1.5 formulation which represents the low-
st distance. Interestingly, this is in good accordance with results
btained from the drug release study.

. Conclusion

The association of sodium caseinate and lecithin seems to
e promising to mask the bitterness of acetaminophen. Through
pray-drying process, acetaminophen seems to be well encapsu-
ated within the skin former composed of sodium caseinate and
ecithin. The spray-dried particle morphology differed according
o the ratio of sodium caseinate to lecithin. The SEM, DSC and
PS analysis made it possible to observe differences in the surface

omposition of spray-dried particles and to relate it with taste-
asking. With a ratio caseinate:lecithin of 1:0.5, crystals of drug
ere observed at the surface whereas with the 5:1.5 ratio, particle

urface was mostly covered by caseinate. The “coating” consisting
trode responses) between pure drug (reference) and taste-masked formulations.

of  sodium caseinate and lecithin had a significant role in decreas-
ing the release of drug during the first 2 min  and therefore is able
to mask the drug bitterness upon administration into the mouth.
Higher content in lecithin seems to result in higher taste-masking
efficiency. A good agreement between the in vitro release study
developed and the electronic tongue analysis was  established and
thus may  offer alternative solutions for taste assessment in the early
stage of drug development.
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