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ABSTRACT

Taste masking has gained immense significance in the formulation of bitter taste medicaments and is being tackled
early in the product development to offer multiple benefits to both the patients as well as the pharmaceutical
manufacturers. Taste masking is a viable and practical strategy to improve the patient compliance, especially for
bitter drugs, whereby, a number of methodol ogies may be adopted to deliver a taste masked palatable formulation.
Various techniques based on different principles have been investigated and described in academic and patent
literature for masking of bitter or undesirable taste of drugs like addition of flavors, sweetener and amino acids,
microencapsulation, complexation with cyclodextrins, complexation with ion exchange resin, salt preparation,
group alteration and prodrug approach. In the present review, the spray drying has been presented as a viable
technique for taste masking of bitter pharmaceuticals. The manuscript comprehensively describes the spray drying
methodol ogy, its instrumentation, characterization and application in pharmaceutical taste masking.
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INTRODUCTION

Taste is one of the most important parameters gawgr patient compliance. A wide variety of active
pharmaceutical agents exhibit the bitter tasteseitturing or immediately after oral administrati@sulting in poor
compliance. Although the poor drug compliance dukitter tasting oral drugs is true for all patipopulations, but
is significant for pediatric and geriatric medicais [1]. The poor palatability and bitter taste evésund to be one
of the main reasons for non-compliance resulting iot of revenue loss to pharmaceutical compaj@ed. This
further result in discontinuities in therapy as Hitter taste causes resistance in swallowingdmags thereby losing
the beneficial effects of the drug [4]. Low loyalty OTC brands, frequent medication switch and aléoss in
revenues are the other issues arising out of lanptiance.

Taste masking is a viable and practical strategymprove the patient compliance, especially fotebpitdrugs,
whereby, a number of methodologies may be adopmedetiver a taste masked palatable formulation. The
development of taste masked pharmaceutical proalsct makes a lot of business sense as any pharticateu
formulation with a pleasing taste would definitbly preferred over a competitor’s product. Thiseordy enhances
the compliance and therapeutic value for the pabahalso generate more business and profith®company [5].
The desire of improved palatability in these pradutas prompted the development of numerous Ibiiste masked
formulations with improved performance and acceipitglj6]. Several techniques have been reportednfiasking

of bitter or undesirable taste of drugs like aduifitiof flavors, sweetener and amino acids, microgsdation,
complexation with cyclodextrin, complexation witbni exchange resin, salt preparation, group alteraiind
prodrug approach [7-10]. Spray drying has also getas one of the simple and viable approach &be taasking.
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In the present article, the technique of sprayrdyyand its application in pharmaceutical taste nimaskas been
reviewed. The present work is also focused on #gcbk of spray drying technique and various faditftsencing
the development of taste masked pharmaceuticalulation by spray drying.

SPRAY DRYING TECHNIQUE: INSTRUMENTATION AND BASIC METHODOLOGY

Spray drying can be defined as conversion of a femd a fluid state into dried particulate form sybjecting the
feed to a hot drying medium. Various liquids sushsalution, emulsions, dispersions, slurries omawelts can be
directly transformed into solid particles with desi properties such as size, distribution, shapesity and density
by spray drying method [11-12]. The various advgesaof spray drying are enlisted in Table 1.. Tipr@g drying

process generally consists of a sequence of fepsgi3-14]:

* Feed preparation

» Atomization/droplet formation

» Drying, particle shape formation and drying
» Separation of dried product

The first component of spray drying process isféed in the form of an emulsion, suspension ortsniu The

spray drying is a four step process involving fpegparation, atomization of liquid stream, subjegtihe droplets
to the interaction with a drying gas and finallypagmting the dried particles by an appropriate et obtain the
spray dried product. The solid product is formedréayoval of solvent contained within the dispersituming the
drying phase. During the last phase, the driedighest are separated and collected by a receptanle All the

phases and the processing conditions of each plffest spray drying process efficacy and the charestics of the
final dried product [15]. The basic components ofmay dryer are illustrated in Figure 1 and théaitke of

aforementioned basic steps in spray drying arel&safs:

Feed preparation

The first component of spray drying process isfdées which can be an emulsion, suspension or salutiade up
of a solvent and substances requiring spray dryihg. feed is normally prepared by dissolving thtebidrug and
the taste masking polymer in a co-solvent [13].

Atomization

The term atomization refers to the reduction ofiplar size of feed in fluid state. Several typesdefices can be
used for atomization. The basic devices includaryoatomizers; hydraulic (pressure) nozzles; pneicrmeozzles
and ultrasonic nozzles. Various types of pumps s@acperistaltic pumps can be used to transporfetbe to the
atomization device. The physical properties of thed such as viscosity must be controlled to allaviform,
repeatable feeding and avoid clogging problems. 3élection criteria of atomizer are mainly basedruphe
substance to the spray dried and its desired piepafter drying [13].

Drying, particle shape formation and drying

After atomization, the next step is exposure ofiitigfeed to the drying gas. The drying gas is diicl is taken
from atmosphere, filtered and pre-heated beforeathes the drying chamber. The inlet temperatfitheodrying
air is critical for the removal of solvent from thiquid feed. The inlet temperature is adjuste@ptimum level to
obtain the desired product without the risk of bogrthe product. The humidity along with temperataf air is also
controlled to enhance the performance and efficdarying process [14]. The manner in which theagpd liquid
droplets contact the drying gas is significant pimay drying process. Co-current, counter curreit @mbination
mode are various flow configurations in spray dsyefhe co-current mode is the one in which the riztés
sprayed in the same downwards direction as the @ibthe hot gas. In this mode, the droplets costadth the hot
gas at the top, and leaves the spray chamber dtothem where the gas temperature is lowest. ImtawLcurrent
mode, the spraying of the material is in the opgodirection to the hot gas. In this mode, thedast enters at the
bottom and flows in upwards direction in the spcagmber. The co-current dryer is the most practioal useful
mode of drying. Co-current chambers are used onnthestrial scale for drying at considerably higimperatures
without over-heating the product [13].

Separation of dried product

After the drying process, the product particleslsetown at the bottom of the drying chamber. Tattled dried
product is then collected by appropriate devicdse fine particles that may leave the chamber tagetlith the
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outgoing air are retained in cyclone or filter bagse product collected at the bottom requiresrivdescraper
device for collection. Other devices such as vimatmechanical brushes and stream of air can lsdsased as
scrapers for product collection. The use of scragmrices is necessary when the configuration of dhgng
chamber is such that it does not allow the free fd the product [14].

The collected product is in the form of microsplsere which the bitter drug is encapsulated/entrdpjoe a
polymeric matrix The spray dried microspheres duasallow the drug to be released at salivary piistimasking
the bitterness in oral cavity. However, active disuthen rapidly released afterwards in gastriduThus, the taste
is masked without interfering with the release nfglin gastric environment which make it very shligatechnique
for taste masking of immediate release dosage famgemt for oral administration.

FACTORSAFFECTING SPRAY DRYING TECHNIQUE
The efficiency of spray drying process is affechgdvarious factors such as inlet temperature, btgl@perature,
flow rate of drying gas, feed rate and feed conedion [11, 16]. These factors are discussed iaidas$ follows:

Inlet Temperature

The inlet temperature of the drying air is the tenapure when the feed contacts with drying meditline ability of
feed to dry is dependent upon the thermal chargaisfair and the inlet temperature also has tfladnce on the
amount of solvent that may be removed per unit tiltfee inlet temperature is measured in front ofdhgng air
entry into the drying chamber. This parameter &fdoe product properties in a feed-dependent mdh6g

Outlet Temperature

The outlet temperature is dependent upon the ieteperature, drying gas flow rate and solid coregionh in the

liquid stream. Practically, it is the highest temgtare to which the product may be heated. Theebtgmperature is
measured before the entry of the air carrying ttoelgct into the separation device. The outlet tawmipee governs
the sizing of powder recovery equipment, and tighdai the outlet air temperature, the larger willthe size of
powder recovery equipment and conveying ducts &mnlms. The outlet air temperature controls thalfinoisture

content of the powder [14].

Flow rate of drying gas

The amount (volume) of drying air supplied to tlystem per unit time constitutes the drying gas flate. The
drying level of the product and its separationhia tyclone is dependent on the flow rate of drgag. The lesser
drying air feed rate slows down the movement of gheduct particles through the system which reqloreger
action of drying air. The drying air flow rate i®emprally adjusted to the maximal value availableoider to
maximize the cyclone operation efficiency [14].

Feed rate

Temperature difference between the inlet and thtetis affected by the feed rate. The pump rateesponds
directly to the inlet mass. The higher the inletssyahe more will be energy required to evapoltadituid droplets
to form solid particles [14, 16].

Feed concentration

The increase in solid feed concentration meansligail is available to vaporize, and leads to @ased outlet
temperature resulting in spray dried product wétgé particle size. Care must be taken with hidid doadings
(above 30%) to maintain proper atomization to emsuwcurate droplet formation [16].

APPLICATION OF SPRAY DRYING IN TASTE MASKING OF PHARMACEUTICALS

Spray drying has lot of applications in pharmacealtiormulation development [17-18]. The spray dgyhas found
application in taste masking of bitter drugs such acetaminophen, ondansetron hydrochloride, doiepez
hydrochloride, sildenafil citrate, famotidine anghsatriptan succinate. The details of taste maskintpese drugs
by spray drying method are explained as follows:

Reuter and Blankpatented therapeutic taste-neutral powder form lifined by spray-drying a suspension of
colloidal silica in a lower alkanol solution of aaminophen and ethyl cellulose. The spray driedjgnoduct with
neutral taste was further formulated into chewadbdets and fast dissolving dosage forms [19]. pe@pared spray
dried taste masking composition containing spheaiaiticrocapsules (150 microns in diameter). Theetazasking
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composition comprised of a microcapsule core ofaltate, a polymer soluble in the gastric fluidalking agent
and a lubricating agent present from 0.1% to ~ BXcellent taste masking ability was exhibited by tihe
microcapsules [20]. Markt al., developed paracetamol taste masked compositi@piay drying technique. Ethyl
cellulose of less than 23% by weight of the totaight of the composition was selected as coatingpriah Spray
drying of the paracetamol and ethyl cellulose ia #olvent was achieved by spraying a stream ofnéir an
atomised suspension so that solvent is causedajgoeate leaving the paracetamol coated with thd etilulose.
The spray dried taste masked paracetamol was fatetulas sachets, chewing gums, chewable tabletss,gu
lozenges, liquids, suspensions and filled capd@lEls Zgoulli et al., investigated the feasiblity of a one-step spray-
drying process to microencapsulate bitter tastinms, erythromycin and clarithromycin, antibiotlgsown to have
an extremely bitter taste. Mixtures of clarithronmy¢5% by weight) or erythromycin (30% by weight)jthva
biodegradable polymer were prepared and spray-dnieltr specific conditions of temperature and thetspeed.
This process resulted in the microencapsulatiorB@# of each drug as determined by high pressurgdlig
chromatography. Particle size was obtained in #mge of 1 to 80 pu as determined by electron miomgcThe
results showed the feasibility of microencapsutatid macrolides using a spray-drying technique .[Z2Jmming
developed taste-masked immediate release micromadrivders formed by spray drying the drug and citio
copolymer synthesized from dimethylaminoethyl metiiate and neutral methacrylic acid esters. Thtetamnasked
powder was further incorporated into conventiomal dosage forms such as sprinkles, suspensianpistablets,
chewable tablets or effervescent tablets [23]. Babral., employed spray drying technique to develope theetas
masked microspheres of intensely bitter drug onglaois hydrochloride (OSH) using three differentypoérs viz.
Chitosan, Methocel E15 LV, and Eudragit E100. Theraspheres were also investigated for the effédifterent
polymers and drug-polymer ratios on the taste nmgs&ind drug release properties. The Eudragit ntr@®s in a
1:2 drug-polymer showed excellent taste maskingeredss, chitosan microspheres depicted the tastemyest 1:1
drug-polymer ratio. No taste masking was achievethéthocel microspheres at all the drug-polymeosatAbout
96.85% of drug release was obtained for eudragitaspheres and 40.07% for Chitosan microspherds imin
[24]. Xu et al., developed taste masked microspheres of the madepeund (famotidine) with taste masking
material using spray drying and further incorpadateem into orally disintegrating tablets. Centcalmposite
design was utilized to optimize the spray process for two variables to obtain microspheres witlsirdéle
characteristics. Then optimized microspheres wemnadilated into orally disintegrating tablets. Satimhcentration
of 34mg/ml and feed rate of 7ml/min were found éothe optimal spray-drying process parameterssphay-dried
microspheres obtained showed the drug encapsulaffaiency in the ranges of 37.59 to 61.56%, wathmean
diameter of less than 10 micron size and low magstontent (less than 4%). Bitterness evaluatiodysby a panel
of six human volunteers found the taste of micreses incorporated orally disintegrating tabletbecsignificantly
improved. Moreover, the bioavailability of famotidi from the microspheres was not found to be dsetkm arin
vivo study in rats [25].

Yanet al., developed taste masked orally disintegrating tg®T) of donepezil hydrochloride (DH) for enhadce
patient compliance. Microspheres with differentasitof drug and Eudragit® EPO were preparing usipoay
drying method to achieve taste masking. It was akgbthat the microspheres with a drug—polymeorafi 1:2
inhibited the release of DH in simulated salivalyid thereby masking its bitter taste. The orallgimtegrating
tablets were prepared by formulating microspheriéls $0% Polyplasdone NF and Low substituted Hydprrpyl
Cellulose (L-HPC) as superdisintegrating agente foinmulated tablets showed better disintegratiam tmarketed
formulation and significant improvement in tasteswiaund in a bitterness evaluation test by humarelpstudy
[26]. Sheshalat al., developed microspheres using Eudragit EPO polyimanask the intensely bitter taste of
sumatriptan succinate and incorporated them immditated orally disintegrating tablets (ODTSs). Tkeehnique of
spray drying was used to prepare the taste maskaspheres. The resulting microspheres were fatadlinto
ODT by mixing with different superdisintegrants varying concentrations. The tablets were prepanedlitect
compression method followed by sublimation techaigtihein vitro disintegration of all the tablet formulations
was found to be within 37—410 s. The optimized folation containing 5% Kollidon CL-SF was found tavie a
pleasant taste and mouth feel in human panel &stbes and disintegrated in the oral cavity withih s [27].
Hoanget al., utilized sodium caseinate and lecithin to produce eharacterize taste-masked powders of bitter drug
acetaminophen by spray drying technique. Tastesasmnt was done by a@n vitro method with a syringe pump
using small volumes of aqueous medium and low flates, to mimic the behaviour in the mouth and cameg to
the electronic tongue analysis. Higher contengaithin results in higher taste-masking efficientlye combination
of sodium caseinate and lecithin was found to lmEming in masking the bitterness of acetaminop2&j. In
another study, Hoang al., also investigated calcium caseinate in associatitim lecithin in order to encapsulate
the acetaminophen through spray-drying to maslbither taste for pediatric medicines. The sprayflamount of
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calcium caseinate and lecithin amount had sigmifiedfects on the release of drug during the firgtin as revealed
by a 2(4)-full factorial design. The increase ie g8pray flow and/or the calcium caseinate amouhtdean increase
in the amount of drug released and vice-versa.i@alcaseinate-based formulations resulted in deeckaitial
release of drug which effectively resulted in tastesking of drug [29]. Yét al., masked the bitter taste of sildenafil
citrate (SC), a well-known phosphodiesterase-5hitdri used for erectile dysfunction (ED) and pulrapnartery
hypertension (PAH) by developing particulate tastesking system. The taste masked system comprited o
microcapsules prepared by microencapsulating aajastuble polymer, Eudragit(®) E100 (E100), atrfdifferent
weight ratios (2:1, 1:1, 1:2, and 1:3) using theagmrying technique. Electronic tongue (e-tongsystem and the
in vivo human panel sensory test were employedvaluate the taste masking efficiency of the dewvetbp
microcapsules. Further, the effect of polymer ratio the taste masking of prepared microcapsules alss
investigated. E100 was not found to interfere with drug release in stomach in a dissolution studiepH 1.2
buffer. Taste evaluation studies revealed a goortlation (R(2)=0.9867) between the weight ratigpofymer and
the taste masking efficiency expressed in the wiégts on the PCA map of the e-tongue data [30].

Spray drying method has shown tremendous applitatidaste masking of several bitter drugs. Sonteemely
bitter drugs such as ondansetron hydrochloride,epenil hydrochloride, sildenafil citrate, famotidinand
sumatriptan succinate has been effectively tasteketh by this technique and further incorporated iotally
disintegrating tablets or suitable dosage fa(dHARACTERIZATION OF SPRAY DRIED PRODUCT

Following is a brief account of various techniquesl methods employed for characterization of thaysgried
product:

Entrapment efficiency, drug loading and per centage yield

The entrapment efficiency and drug loading in nBpteeres is estimated by first assaying the prothrctrug
content by suitable analytical techniques such REG] UV Spectroscopy and HPTLC. The entrapmentiefiicy,
drug loading and % vyield are then calculated adogrtb the following equation [31]

Mass of drug in microspheres

Loading CapaCity (%) " Mass of microspheres recovered x 100 o Eqn' 1

Mass of drug in microspheres
= £ P % 100 - Eqn. 2

. . . o
Encapsulatlon Eff1c1ency (/0) Mass of drug in formulation

Percentage yield (%) = Totalmicrospheres weight 1) --—--Eqgn. 3

Total solid weight

Particle size determination

Particle sizing experiments are generally carried by means of particle size analyzers based osr las
diffractometry. The particle size and distributiplay a key role in the drug dissolution and othéilautes of spray
dried product and is one of the important paranseftarcharacterization [32].

Thermal Characterization

Differential Scanning Calorimetry (DSC) analysisuseful in the investigation of thermal propertedsthe spray
dried microspheres, providing both qualitative apentitative information about the physicochematate of drug
inside the spray dried product. The comparison elting endotherms of pure drug, taste masking petymhysical
mixture and spray dried microspheres is usefuhneustand the change in physical state of drugidwentrapment
in spray dried microspheres [27].

FTIR Analysis

FT-IR spectroscopy is useful in revealing the paligy of an interaction between drug and polymersplid state.
Structural changes and lack of crystal structurelead to changes in bonding between functionalgmhich can
be detected by infrared spectroscopy [33].

Scanning Electron Microscopy:

The Scanning Electron Microscope (SEM) uses a fetumeam of high-energy electrons to generate &tyaoif
signals at the surface of solid specimens. Theatsgmhat derive from electron-sample interactiansal
information about the sample including external phmiogy (texture), chemical composition, and criista
structure and orientation of materials making wpshmple [34].
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Taste evaluation study

The taste of spray dried product is generally eatald by human panel studies in which the humannteérs rate
the taste of pharmaceutical product accordingstaatative bitterness. In-vitro approach whereaheunt of drug
released at salivary pH is compared to thresholdevaf bitterness is also employed as an altereatiethod for
taste assessment [35]. Recently, electronic tohggebeen used for evaluation of taste in pharmae¢yroducts.
Sollohubet al., evaluated the taste of spray dried roxithromyw€ing an electronic tongue which showed excellent
taste masking efficiency of the developed microubgss[36].

Table 1. Advantages of spray drying technique[12, 13]

Simple and rapid process

Control of particle size, shape, porosity and dgnsi
Reproducible and scalable

Require mild temperature conditic

Produces free flowing and spherical parti

Requires no additional processing before compadtimntablets
Enhanced dissolution rate of drugs

Cost effective

FEED —=——] ATOMIZER T TO EXH&UST

-

Drying rC‘I:JJ
e Chamber

| d: R

4

HOT AlR

Y CLOMNE T
SEF AR ATOR
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FRODUCT COMNYVEY ING ?
FRODUCT DISCHARGE

Figure 1: Componentsof spray dryer
CONCLUSION

Taste masking has gained lot of significance inmplaa@eutical product development to improve patiembpliance.

New taste masking technologies to mask the bitistet of drugs are now constantly being developedhby
pharmaceutical and drug delivery companies. Inpitesent review, the authors have presented spy@ygdas a

viable and simple technique for taste masking tébdrugs. The major highlight of this technigaehat the taste is
masked without interfering with the release of diugastric environment which make it very suitatgdehnique for

taste masking of immediate release dosage formstfi@aoral administration. By carefully controlijrthe various

factors, this technique can result in a pharmaceufproduct with desired pharmaceutical charadtesisand

adaptability to various dosage forms. The multipbmefits offered by this technique will continueappeal both

academicians and pharmaceutical companies for [Etautical taste masking.
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