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Abstract: Taste is the most crucial organoleptic parameter affecting patient compliance in the case of
drugs with poor palatability. Taste masking is a major challenge for the development of orally ingested
active pharmaceutical constituents in the pharmaceutical industry. Numerous conventional taste-
masking techniques have been extensively studied. In parallel, affecting the drug solubility or release
is a major concern of conventional taste-masking techniques. Recently, many nanocarrier systems
have been introduced, claiming the advantage of effective taste masking without affecting either
the drug solubility or its release. In this review, we will present new techniques for taste masking,
including taste-masking techniques utilizing nanocarrier systems such as liposomes, polymeric and
solid lipid nanoparticles, polymeric micelles, submicron lipid emulsions, and nanogels. We will
chiefly highlight the composition of these systems and their applications in designing oral therapeutic
delivery systems successful in masking the taste of bitter molecules.

Keywords: taste-masking; nanocarrier systems; liposomes; nanoparticles; nanogels; nanosponges;
inclusion complex; polymeric micelles

1. Introduction

Oral administration, among the multiple routes used to deliver medicines, is the most
readily accepted route and used extensively as it offers a lot of advantages such as being
easy, self-administrable, and painless which increase patient acceptance and compliance [1].
Organoleptic properties are considered crucial criteria for the development of an oral
solid dosage form as they could affect consumer liking and compliance [2]. Drugs of
poor or unaccepted palatability have to be formulated focusing mainly on enhancing the
palatability to the maximum to mitigate the bad impact of poor palatability on patient
compliance and the whole acceptance of the oral dosage form [3,4]. The taste of oral drugs
which pass and reside on the tasting sensory buds in the mouth is highly critical [5]. As
the majority of the active pharmaceutical ingredients (APIs) show unaccepted palatability
or extensive bitterness, taste acceptance is of high concern, especially from the point of
formulation development. Methods and techniques utilized for taste improvement have to
be involved in formulation development [5].

The conventional techniques have been studied extensively. Using flavors and sweet-
eners is reported as the simplest technique [6,7]. Another common technique is the coating
of drugs using a suitable polymer [8]; the coating acts as a physical barrier to the drug
particles, thereby minimizing interaction between the drug and taste buds [9]. Ion exchange
resins are an interesting option used to develop cost-effective, rapid, and simple techniques
of taste masking; these resins are crosslinked water-insoluble polymers which contain salt-
forming groups in multiple places on the chain of the polymer [10]. Microencapsulation is a
process by which very tiny droplets or particles of liquid or solid material are surrounded or
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coated with a continuous film of a polymeric material which could act as a barrier between
the drug and the sensory places [11]. Various prodrugs of nalbuphine, naloxone, naltrexone,
oxymorphone, butorphanol, and levallorphan, in which the 3-phenolic hydroxyl group was
esterified, lack the bitter taste [12,13]. An ondansetron-magnesium aluminum silicate ad-
sorption system masked the bitter taste of ondansetron HCl, utilizing the excipient, which
can delay the reach of the drug to the taste buds [14]. To mask the bitterness, a specific
bitterness inhibitor would be most useful. Lipoprotein, made of phosphatidic acid and
beta-lactoglobulin, selectively suppresses the taste responses to bitter substances. Inhibitors
work by inhibiting human taste sensation to bitter stimuli in the taste buds [15]. Masking
the bitter taste of tablets by a water-insoluble gel formed by sodium alginate and bivalent
metal was studied. Artemether is a drug used to treat malaria with an intensely bitter
taste. Its taste masking was done by solid dispersion with mono amino glycyrrhizinate
pentahydrate by solvent evaporation method [16].

This review is a collective of the taste-masking approaches utilizing nanocarrier sys-
tems, highlighting the composition of these systems and their application in designing oral
therapeutic delivery systems for bitter-tasting molecules. A study selection flow diagram
and characteristics table are shown in Figure 1 and Table 1. In addition, a diagram showing
the number of studies used in this review per year is included in Figure 2.

Initial references relevant to taste
masking were identified through
searching research databases and
screened based on title/abstract review
(n=130)

| Studies on conventional taste
masking techniques and taste
evaluation techniques were
excluded (n =72)

Studies included were specific for
nanocarrier systems in taste masking (n
=58)

=
<
=
=
=
<
=
—

Figure 1. Study selection flow diagram.

Table 1. Summary table of study characteristics.

Study Journal Year Taste Masking Technique Ref No
Tang W.L. Mol. Pharm. 2017 [17]
ZhuY. Nanotechnology. 2018 Liposomes [18]
Seyedabadi M.M. Food Bioscience. 2021 [19]
Naik J. BioNanoScience. 2021 Polymeric Nanoparticles [20]
Krieser K. Materials Science and Engineering: C 2020 [21]
Zhang Y. J. Pharm. Pharmacol. 2020 [22]
LiC Int. ]. Nanomedicine. 2018 Solid Lipid Nanoparticles (SLNs) [23]
Dandagi PM. Indian Journal of Pharmaceutical Education and Research. 2014 [24]
Akhoond Zardini A. J. Food Sci. Technol. 2018 Nanostructured Lipid Carriers (NLCs) [25]
LiP Mol. Pharm. 2020 Polymeric Micelles [26]
Huang R. Asian J. Pharm. Sci. 2018 Reverse Micelles [27]
Monteagudo E. Drug Dev. Ind. Pharm. 2014 [28]
Hasan N.M. Journal of Applied Pharmaceutical Science. 2015 Submicron Lipid Emulsion [29]
NA NA Nanogel NA
Omar S.M. Saudi Pharm. |. 2020 Nanosponges (NSs) [30]
Chay S.K. RSC Advances. 2018 [31]
Stojanov M. Journal of Pharmaceutical Sciences. 2011 Inclusion complex [32]
Shah P.P. Pharm. Dev. Technol. 2010 [33]
o . wig Mrepeniesomionpiye el gy
Lee J.H. Int. ]. Nanomedicine. 2012 Nanohybrid system [35]
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Figure 2. Number of publications for nanocarrier systems in taste masking per year.

2. Nanocarrier Systems and Taste Masking

Nanocarrier systems can be in the form of liposomes, nanoparticles, nanosuspensions,
nanomicelles, or nanoemulsions [36]. Nanocarriers can be also divided, according to their
physical state, into either hard or soft forms, meanwhile, the intermediate between both
forms is existing [37]. An example of the hard form is nanoparticles (whether lipid or
polymeric), which are characterized by lacking elasticity and flexibility. Soft forms such
as polymeric micelles, liposomes, and nanoemulsions have the ability to deform and
reform. Soft forms could cross tissue extracellular spaces and capillary beds; such ability
comes from their flexibility. On the other hand, the hard forms may block capillaries [37].
Different nanocarrier systems are illustrated in Figure 3. Table 2 summarizes the various
nanocarrier systems formulated to mask the taste of different drugs, highlighting the
materials used to prepare these systems. Table 3 summarizes the advantages, disadvantages,
and characteristics of nanocarrier systems used in taste masking.

Solid-Liquid Mixture Entrap Drug Hydrophobic Interior of  Hydrophilic Drug

Drug Entrapped in Solid Lipid

Liquid Lipid Entrap D
Phosphoiid i i
Hydrophobie Drug Hydrophilic surface
Surfactant Layer Surfactant Layer of Phospholipid Surfactant Layer
Solid Lipid Nanoparticles Nanostructured Lipid Carrier Liposome Nanoemulsion
Drug Dispersed in Polymeric Matrix Drug Dissolved in Liquid Polymeric Micelles

Polymeric Matrix Polymeric Shell
HeoEniaE Nanocapsule Polymeric Micelles Nanoparticles
Cyclodextrin
Drug v
Mescporous Silica Nanoparticles Polymer Coat Crosslinker
Polymer Coated Mesoporous Nanosponge

Silica Nanoparticles

Figure 3. Different nanocarrier systems used for taste masking.
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Table 2. Nanocarrier systems formulated to mask the taste of different drugs.

Taste Evaluation

Technique Drug Materials Method Ref
Mefloquine Phospholipids, cholesterol Electronic tongue [17]
1 Liposomes Loratadine Phospholipids, cholesterol Sensory evaluation [18]
Caffeine Phospholipids, cholesterol, chitosan NA [19]
Eudragit L100
Ibuprofen PVP K30 In vitro dissolution [20]
) Polymeric B Cyclodextrin
Nanoparticles Eudragit RS 100
Saquinavir Pullulan Electronic tongue [21]
Triglyceride capric/caprylic
Atomoxetine Phospholipids, medium-chain triglycerides In vitro human panel [22]
. Octadecanoic acid, polyvinyl alcohol, . .
3 SLNs Enrofloxacin polyacrylic resin Pig feeding [23]
. Glyceryl monostearate, polysorbate 80, i )
Quinine Sulphate poloxamer 407, poloxamer 188 Franz diffusion cell [24]
Glyceryl monostearate
4 NLCs Lycopene Glyceryl distearate Human panel [25]
Lecithin
Berberine
hydrochloride, Volunteer sensor
5 Polymeric Micelles Quinine sulfate, Amphiphilic block copolymers test y [26]
Gentiopicroside, es
Matrine
6 Reverse Micelles Azithromycin . Phosp .hOhPlds’ . In vitro human panel [27]
medium-chain triglycerides
Polyoxyl 40 hydrogenated castor oil,
caprylocaproyl polyoxyl-8-glycerides,
isopropyl myristate,
. glycerol, monocaprylocaprate, caprylic/capric .
Phenobarbital triglyceride, propylene glycol caprylate, Electronic tongue [28]
propylene glycol dicaprylate/dicaprate,
7 Submicron Lipid diethylene glycol monoethyl ether, propylene
Emulsion glycol, glycerol, PEG 400
Medium-chain triglyceride,
propylene glycol dicaprylate/caprate,
Peppermint Oil PEG 6 caprylic/ capric glycerides, NA [29]
PEG 40 hydrogenated castor oil,
oleic Acid
. Human panel
8 NSs Griseofulvin Dipﬁhii;llogzggrr; te gustatory response [30]
palatability studies
Ranitidine HP-3-CD Electronic tongue [31]
. Volunteer
9 Inclusion complex Cetirizine B-CD sensory study [32]
Artemether HP-B-CD and PVP Gustatory [33]
sensation test
PH-responsive
10 piﬁ;;;cehrn;g;(t): d Mequindox (MEQ) MSNs In vitro drug release [34]
MSNs
11 Nanohybrid system Sildenafil Citrate MMT, PVA-EAA In vitro drug release [35]
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Table 3. Advantages, disadvantages, and characteristics of nanocarrier systems in taste masking.

Nanocarrier System Advantages Disadvantages Characteristics
Li Entrap hydrophilic and L Leai(lag'e Olf (%cnl;gl ¢ Ves;c'le}sl'flc’)rrlr'le‘cilof bﬁay'erl
iposomes hydrophobie drugs ow physical stability amphiphilic lipids spherica

Inapplicable upscaling

in shape

Polymeric Nanoparticles

Drug encapsulated, dissolved,
entrapped, or attached to the
polymeric matrix

Process complexity and cost

Spherical particles composed
of polymer; may be
nanocapsule or nanosphere

SLNs

Less liable to coalescence and
agglomeration

Low loading capacity
Drug expulsion
during stability

Particles are solid lipids at
room temperature stabilized
by surfactant

NLCs

Higher loading capacity

Required specific machinery

Particles are a mix of solid
lipids and liquid lipids
stabilized by surfactants.

Polymeric Micelles

Easy dispersion in
aqueous media
Core entrap lipophilic drugs
Suitable for poorly
soluble drugs

Biodegradability and
biocompatibility issues

Synthetic amphiphilic
copolymers form micelles
with lipophilic core dispersed
in aqueous media

Reverse Micelles

Core entrap aqueous drugs

Process complexity

Micelles dispersed in organic
medium with the help
of surfactant

Submicron Lipid Emulsion

Higher stability
than conventional emulsion

Higher cost than
conventional emulsion

Dispersed droplets nanosized
in the almost transparent
liquid with the assistance of
surfactant and co-surfactant

Nanogel

Could target specific site
Encapsulating small
biologically active agents and
biomacromolecules.

Presence of harmful
residual surfactants
Premature drug leakage
Drug loading capacity needs
improvement

Swelling particles of polymer
crosslinked physically or
chemically in a
suitable solvent

NSs

Convert physical from liquid
to solid

Safety, toxicity, and
biodegradability concerns

Colloidal lipophilic structure

resulting from the interaction

of the crosslinking agent with
cyclodextrin

Inclusion complex

Improve stability
and solubility

Safety, toxicity, and
biodegradability concerns

Cyclodextrin complex
aggregates in aqueous media

PH-responsive co-ordination
polymer coated MSNs

Simple and efficient

Required safety and toxicity
investigation

Mesoporous silica particles
engulf the drug such particles
coated with polymer control
the drug release based on pH
of the polymer coat

Nanohybrid system

Enhanced drug release

Long process
Inapplicable upscaling

Drug intercalated with
inorganic clay particles and
intercalated particles coated

with the polymer

2.1. Liposomes

As they could entrap either hydrophobic or hydrophilic molecules, its biodegradability,
and biocompatibility, liposomes have received attention in the area of drug delivery [38,39].
Liposome composition is based mainly on phospholipids and other additional lipids like
cholesterol. Liposomes could enclose or entrap an aqueous payload inside the formed
vesicle; meanwhile, they also have the ability to entrap hydrophobic materials within the
lipid bilayer [40]. Liposomes deliver drugs with no need for either active or passive uptake
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by target cells for the nano-vehicle, based on the interaction between the lipid compositions
of liposomes with the lipids of the cell membrane [41]. Based on the payload required to
be entrapped and the pattern of release, liposomes could be customized by determining
the suitable phospholipids and/or preparation method. The preparation method has a
significantly high impact on the entrapment efficiency of the drug during the preparation.
The main determinant factors for selecting the technique of preparation are ease of scaling
the process up, particle size required, polydispersity, and physicochemical characteristics of
entrapped drugs [42]. Preparation techniques can be divided into three main types: solvent
dispersion, detergent removal, and mechanical dispersion.

On the industrial level, liposome development is still facing different challenges,
including inapplicable upscaling, low physical stability, and drug leakage [43].

Liposomes and Taste Masking

Wei-Lun Tang et al. [17] developed mefloquine liposomes that cover the taste of
the highly bitter antimalarial drug to formulate a pediatric liquid dosage form. The
extremely bad taste of mefloquine was covered by the liposomal entrapment; the researcher
used a solvent-assisted loading technique through ammonium sulfate gradient to load
mefloquine, and the lipids used in liposomes preparation were 1, 2-distearoyl-sn-glycero-3-
phosphocholine and cholesterol.

Ying Zhu et al. [18] studied the impact of formulating loratadine liposomes composed
of phospholipids and cholesterol by thin hydration on taste masking, dissolution, and
bioavailability of the drug. They reported that the liposomes acted as physical barriers for
the entrapped drug and had the ability to enhance the bitter taste of loratadine.

Caffeine as a bitter drug was prepared as chitosan-coated nanoliposomes, also called
chitosomes. The liposomes were composed of lecithin, cholesterol, and polysorbate 80, and
coated with chitosan polymer; preparation was done by thin hydration method. Chitosome
of caffeine had an acceptable taste compared to the caffeine alone. The caffeine chitosome
showed better stability than liposomes [19].

2.2. Polymeric Nanoparticles

The polymeric nanoparticles are constructed of polymers that are biocompatible
and biodegradable in nature, with sizes between 10-1000 nm where the drug becomes
either encapsulated, dissolved, entrapped, or attached to the nanoparticle matrix. The
method by which the nanoparticle system is prepared determines whether the formed
nanoparticles are nanospheres or nanocapsules. When the drug is entrapped into the cavity
and surrounded by a membrane of unique polymer, the system is called nanocapsules. On
the other hand, the physical and uniform dispersion of a drug into the matrix of polymer is
called nanospheres [44,45].

Polymeric Nanoparticles and Taste Masking

Naik et al. [20] developed a taste masked ibuprofen oral powder using polymeric
nanoparticles technique by spray drying, using methacrylic acid-methyl methacrylate
copolymer (1:1) (Eudragit® L100) as a pH-dependent polymer insoluble in lower pH
medium, in addition to polyvinylpyrrolidone K30 (PVP K30) and 3 cyclodextrin. The re-
searchers had a dual aim to improve the solubility and palatability of ibuprofen, where they
stated that the ratio of PVP K30, 3 cyclodextrin, and methacrylic acid-methyl methacrylate
(1:1) copolymer to the drug should be crucially balanced to fulfill the aim of the study.

Krieser et al. [21] developed saquinavir nanoparticles to enhance the taste of pediatric
oral solution and improve stability using the polymers methacrylic acid-methyl methacry-
late (1:2) copolymer (Eudragit® RS 100), pullulan, and the triglyceride capric/caprylic by
interfacial polymer technique. The prepared saquinavir nanoparticles exhibited a masked
bitter taste.
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2.3. Solid Lipid Nanoparticles (SLNs)

SLNSs are physically solid in nature, either at body or room temperature. It is a colloidal
system composed of lipids stabilized by using a surfactant [46]. SLNs gather the benefits
from emulsions, polymeric nanoparticles, and liposomes, avoiding some defects from
these systems [47,48]. SLNs are composed of a phospholipid coat covering a core matrix
which is solid and lipophilic. SLNs entrap lipophilic molecules in higher quantity than
liposomes due to their lipophilic core matrix, surrounded by phospholipid that attaches to
the lipophilic core by its lipophilic part [49].

SLNs release drugs in a prolonged manner in addition to their ability to protect the
entrapped molecule. SLNs are less liable to coalescence and aggregation which makes
them more stable. They are biodegradable with nontoxic composition, in addition to the
cost-effectiveness of their production and ease of scaling up, ranking them superior to other
nanocarrier systems to prepare and use in taste-masking of bitter molecules [47].

The main limitations of SLNs are low loading capacity, drug expulsion post-polymorphic
transition during storage, and the higher water content of the dispersions (70-99%) [50].

Solid Lipid Nanoparticles and Taste Masking

Zhang et al. [22] prepared reversed SLNs of atomoxetine hydrochloride for taste
masking. Plain liposomes were prepared, then mixed with an equal volume of atomoxetine
hydrochloride solution followed by lyophilization. The drug and phospholipids dried
powder was dispersed in medium-chain triglycerides and stirred until the suspension
was clear.

SLNs with enteric coating were prepared by Chao Li et al. [23] for masking the unac-
ceptable taste of enrofloxacin as well as improving drug stability and oral bioavailability,
using combined techniques of hot homogenization and ultrasonic for emulsification. Oc-
tadecanoic acid was selected as a lipid matrix, polyvinyl alcohol as the emulsifier, and
polyacrylic resin as an enteric coating material. The study concluded that enteric coating
SLNs of enrofloxacin improved its palatability.

Dandagi et al. [24] developed quinine sulphate loaded SLNs to mask the taste of the
antimalarial drug; glyceryl monostearate was selected as the lipid with the surfactants
polysorbate 80, poloxamer 407, and poloxamer 188.

2.4. Nanostructured Lipid Carriers (NLCs)

As a result of SLNs limitations, Muller et al. [51] developed NLCs. Development of
NLCs was done by replacing part of solid lipids in the case of SLNs with a liquid lipid
leading to the formation of drug incorporated in the liquid lipid matrix. Because of the
superior composition characteristics over SLNs, NLCs are potential carriers because of
their higher loading capacity.

Nanostructured Lipid Carriers and Taste Masking

Akhoond Zardini et al. [25] developed NLCs containing lycopene with dual improved
solubility and enhanced taste. NLCs were prepared using combined techniques of ultra-
sonication and high shear homogenization. Glyceryl monostearate and glyceryl distearate
were used as solid lipids, Caprylic/Capric triglyceride was used as the liquid lipid, and
Tween 80 and lecithin as co-surfactants. The resulting lycopene NLCs showed no taste
when added to orange juice.

2.5. Polymeric Micelles

Unimers are the building units of polymeric micelles. Unimers are composed of
lipophilic blocks and hydrophilic blocks co-polymerized in either di-block or tri-block
forms, resulting in synthetic amphiphilic copolymers. When unimers are self-assembled
spontaneously, they form polymeric micelles. The core of the polymeric micelles is usually
lipophilic, while their shell is hydrophilic [52-54]. The hydrophilic shell of polymeric
micelles prevents the micelles from aggregation, facilitating dispersion in aqueous media.
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The size of micelles ranges from 10 to 100 nm. Following the rule “like dissolves like”,
the lipophilic core entraps the lipophilic molecules. Poly(ethylene oxide) is one of the
most familiar hydrophilic blocks, that may also be known as poly(ethylene glycol) (PEG);
the subunit monomer that is considered the building unit of such hydrophilic block is
-CH2-CH2-O-, the length of the block ranging from 1 to 15 kDa [55,56].

Polymeric Micelles and Taste Masking

Li et al. [26] proposed amphiphilic block copolymers as micelle forming agents that
might have potential for taste masking in aqueous solution. Four water-soluble bitter
drugs were used in the study, specifically Berberine hydrochloride, Quinine sulfate, Gen-
tiopicroside, and Matrine, to test the capability of amphiphilic block copolymers, namely,
mPEG2000-PLLA2000, mPEG2000-PCL2000, mPEG2000-PLGA5( /502000, and PLLA2000-
PEG2000-PLLA2000, to mask the bitter taste.

2.6. Reverse Micelles Nanoparticles

In the reverse micelles system, the aqueous droplet in the nanosized range is stabilized
into the organic liquid with the help of a surfactant. The size of the reverse micelles
nanoparticles is affected by the aqueous content of the systems; the higher the water, the
higher the particle size of reverse micelles [57].

Reverse Micelles Nanoparticles and Taste Masking

Huang et al. [27], prepared reverse micelles for taste masking of azithromycin using
the freeze-drying method, where the phospholipid drug mixture was dispersed in medium-
chain triglycerides and lyophilized. The drug is entrapped with the lecithin micelles in
medium-chain triglycerides, which might be considered a physical barrier that shields
or separate the drug from taste sensors. The study concluded that the bitter taste of
azithromycin was successfully masked by the reverse micelles.

2.7. Submicron Lipid Emulsions

Pharmaceutical and cosmetic industries extensively deploy emulsions as delivery
carriers, due to their multiple benefits [58,59]. Emulsions are usually formed by the aid
of emulsifiers to disperse an immiscible liquid in the form of fine droplets into another
one. The dispersed droplets are the internal phase and the other liquid is the external
or continuous phase. The surfactant and co-surfactant are responsible for emulsion sta-
bility, preventing the dispersed droplets from separation or coalescence. Emulsions are
categorized into two types, water in oil (w/0) and oil in water (o/w). In the case of (w/0),
water is the internal or dispersed phase, while oil is the external or continuous phase,
and the reverse for (0/w) [60,61]. Microemulsions and nanoemulsions which have higher
stability get special interest from the pharmaceutical and cosmetic manufacturers [62] as
such types of emulsions show better bioavailability [63] and can be designed for passive
drug targeting.

The droplet size is the main difference between macro and microemulsions; in the
case of macro type the droplet size is above 100 nm, while in the case of micro type the
droplet size ranges from 5 to 100 nm. The smaller the particle the size, the more stable the
emulsion [28]. Microemulsion can be recognized by its translucent appearance and low
viscosity, while the macro type is opaque and has a higher viscosity.

Submicron Lipid Emulsion and Taste Masking

Monteagudo et al. [28] optimized the lipid-based formulation self-emulsifying drug
delivery system of phenobarbital for the improvement of its taste, stability, and solubil-
ity. The selected systems are composed of surfactant, oil phase, co-surfactant, and water
(20:4:20:56 and 20:4:35:41). Polyoxyl 40 hydrogenated castor oil (Cremophor® RH40) and
caprylocaproyl polyoxyl-8-glycerides (Labrasol®) were used as surfactants. Isopropyl
myristate, glycerol monocaprylocaprate (Capmul® MCM L), caprylic/capric triglyceride
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(Captex® 355), propylene glycol caprylate (Imwitor® 408), and propylene glycol dicapry-
late/dicaprate (Miglyol® 840) were used as the oil phase. Diethylene glycol monoethyl
ether (Transcutol® P), propylene glycol, PEG 400, and glycerol were used as co-surfactants.
The study concluded that the selected formulations improved the solubility, stability, and
taste of phenobarbital.

Hasan et al. [29] developed a microemulsion to emulsify the oily flavoring agent and
use this microemulsion to cover the bad taste of liquid paracetamol. In their study, Hasan
et al. prepared a self microemulsifying drug delivery system (SMEDDS) of peppermint
oil flavor using the following materials: medium-chain triglyceride (Crodamol® GTCC),
propylene glycol dicaprylate/caprate (Crodamol® PC), PEG 6 caprylic/capric glycerides
(Glycerox® 767HC), and PEG 40 hydrogenated castor oil (Croduret® 40ss), in addition
to polyoxyl 40 hydrogenated castor oil and oleic acid. Formulations of medium-chain
triglyceride: PEG 6 caprylic/capric glycerides: PEG 40 hydrogenated castor oil at ratios of
(0:80:20), (6:54:40), or (10:40:50) developed peppermint oil SMEDDS which had a potential
taste-masking ability for paracetamol.

2.8. Nanogels

Upon placing polymer networks—cross-linked either chemically or physically—in
a good solvent, they swell into particles within the nanosized range forming ‘nanogels’.
“Nanogel” (NanoGel™) describes the polynucleotides delivery through polymer networks
of cross-linked non-ionic polymer and poly-ionic polymer [64]. The progress in polymer
science aims to develop nanosystems with smart properties that guarantee effective treat-
ment using nanogels. The nanogels could target a specific site to deliver the included drug,
in a sustainable and controlled manner [65].

Nanogels and Taste Masking

Unfortunately, until now, no taste masking has been adopted using nanogels based on
our literature review.

2.9. Nanosponges (NSs)

NSs could be described as colloidal structures that encapsulate different molecules [66].
NSs are lipophilic in nature, but they have the ability to spread in water, thus they help
in masking the taste of unaccepted flavors by changing the physical state of a compound
from liquid to solid. This helps decrease the contact of the drug with the sensory sites on
the tongue [67].

NSs could be prepared by the interaction of the cross-linking agent with cyclodextrins.
Caldera et al. [68] in their review categorized NSs into four generations. The first one
includes urethane, carbonate, ether, and ester. In the second generation, there are polymers
with specific properties, for example, fluorescence or charged side chains. The third genera-
tion contains stimuli-responsive NSs. In this type, NSs behavior may change as per changes
in environment; for example, change in pH, change in temperature, or change in oxidative
or reducing factors. The fourth one has high selectivity to the specific included drug.

Nanosponges and Taste Masking

Omar et al. [30], formulated cyclodextrin-based NSs of griseofulvin to enhance its taste
and bioavailability. Different plain 3-cyclodextrin NSs (NS1, NS2, and NS3) have been for-
mulated using a cross-linking reaction of 3-cyclodextrin that is assisted by ultrasonication,
and cross-linker diphenyl carbonate (DPC).

2.10. Inclusion Complex Formation

Different cyclodextrin complexes could assemble in the form of nanoscale aggregates in
aqueous solutions [69]. Previous work concluded that 3-cyclodextrin is the recommended
type for inclusion complexation. Different processes include physical mixing technique by
mixing the drug with the cyclodextrin, as well as wet kneading of drug with the cyclodextrin
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leading to inclusion complex [69]. Cyclodextrin has alcoholic hydroxyl moieties from the
outside; such exterior moieties make the exterior part of cyclodextrin hydrophilic, and
the central cavity is covered with carbon and oxygen atoms coming from the glucose
residues. This nature of cyclodextrin gives it the ability to engulf molecules as a guest
in the cavities of cyclodextrin, which is known as the inclusion complex. The inclusion
complex could enhance the taste of unaccepted bitter active constituent by hiding the bitter
active molecule inside the cyclodextrin cavity, in addition to improving the stability of the
included molecule by preventing its degradation, and moreover acting as a solubilizing
agent [31].

Inclusion Complex Formation and Taste Masking

Ranitidine hydrochloride was subjected to inclusion complex with hydroxypropyl
beta-cyclodextrin (HP-3-CD), where a higher HP-3-CD to ranitidine hydrochloride ratio
indicated a higher efficiency of taste masking [31].

Cetirizine and beta-cyclodextrin (3-CD) inclusion complex was evaluated from the
point of taste masking ability of 3-CD [32].

Shah et al. [33] developed an inclusion complex of artemether (ARM) with 3-CD.
ARM-3-CD was developed to enhance the palatability of the bitter ARM, in addition to
improving solubility; the final product was a pediatric suspension containing the ARM-f3-
CD inclusion complex. The ARM-3-CD was prepared by two methods, physical mixture
and kneading; both techniques gave the complex. ARM:[3-CD complex in a ratio of 1:2 was
the best drug to dextrin quantity from the point of palatability as per taste scoring done.

2.11. PH-Responsive Co-Ordination Polymer Coated Mesoporous Silica Nanoparticles (MSNs)

The developed drug delivery system was simple and efficient in oral taste masking.
The system works by regulating the release of the bitter drug through a pH change in the
gastrointestinal tract. In this system, a pH-sensitive metal-organic coordination polymer
(CP), which was Fe-4, 4’-bipyridine (Fe-bipy) complex, works as a taste-masker [34].

PH-Responsive Co-Ordination Polymer Coated MSNs

The pH-sensitive Fe-bipy was grafted onto the MSNs containing the model bitter
drug mequindox (MEQ) in its mesopores through metal-organic coordination cross-linking,
resulting in the CP-coated nanodrug [29].

In artificial saliva (pH 6.6), the Fe-bipy CP effectively prevents the leaking of the
loaded guest molecule MEQ from the MSN-NH;-MEQ-Fe-bipy. On the other hand, in
artificial gastric fluid (pH 1.0), the coordination bonds of the Fe-4,4'-bipyridine complex
were broken, leading to the release of MEQ molecules from MSN-NH,-MEQ-Fe-bipy [34].

2.12. Nanohybrid System

In this technique the drug inorganic-clay nanohybrid, which is prepared by intercalat-
ing the drug to the clay interlayer space, is coated with a polymer resulting in an improved
taste-masked system with enhanced drug release [35].

Nanohybrid System and Taste Masking

Sildenafil (SDN) was intercalated to montmorillonite (MMT) as the inorganic clay, to
form the nanohybrid system. The intercalation was followed by coating the SDN-MMT
nanohybrid with polyvinylacetal diethylaminoacetate (AEA) as the basic polymer. The
AEA-coated SDN-MMT nanohybrid showed low dissolution release compared to the
marketed Viagra® Tablet at neutral pH, the low dissolution resulting in less exposure of
the drug to the mouth taste sensors and enhanced taste in the buccal cavity [35].

3. Conclusions

The emerging new techniques of nanotechnology have shown promising potential for
taste masking of bitter drugs. The mechanism for taste masking of such techniques is based
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on the physical barrier formed by the nanocarrier systems, which entrap the bitter drug,
minimizing or abolishing the contact of the drug with the sensory sites on the tongue. We
have observed the limited work of applying nanocarrier systems for taste masking, despite
the effective results as per the gathered data within this review. We propose that limited
work based on nanocarrier systems might be caused by the complexity of techniques, the
need of expensive tools, the inapplicability of scaling up for such technique, or the long
process which might make scaling up not commercially accepted. Nanocarrier systems
have the surplus advantages of improving the drug solubility and stability, in addition to
taste masking compared to the conventional approaches, enabling nanocarrier systems to
achieve solutions for many challenges facing formulators. This means nanocarrier systems
have potential for solving the problem of taste acceptance, especially for any emerging
drug that has a promising role in disease treatment but meanwhile is suffering from low
solubility and low stability. On the other hand, the manufacturing processes of nanocarrier
systems are costly, sophisticated, and time-consuming.

4. Future Perspective

Nanocarrier systems for taste masking application have not yet received enough focus
from the manufacturers of pharmaceutical products. Further applications of nanocarrier
systems and further research work are required to make use of these techniques on various
bitter taste molecules.
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SLNs Solid lipid nanoparticles
NLC Nanostructured lipid carriers
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SMEDDS  Self microemulsifying drug delivery system
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