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Abstract: This review paper explores the role of human taste panels and artificial neural networks
(ANNs) in taste-masking paediatric drug formulations. Given the ethical, practical, and regulatory
challenges of employing children, young adults (18–40) can serve as suitable substitutes due to the
similarity in their taste sensitivity. Taste panellists need not be experts in sensory evaluation so long
as a reference product is used during evaluation; however, they should be screened for bitterness taste
detection thresholds. For a more robust evaluation during the developmental phase, considerations
of a scoring system and the calculation of an acceptance value may be beneficial in determining
the likelihood of recommending a formulation for further development. On the technological front,
artificial neural networks (ANNs) can be exploited in taste-masking optimisation of medicinal
formulations as they can model complex relationships between variables and enable predictions not
possible previously to optimise product profiles. Machine learning classifiers may therefore tackle
the challenge of predicting the bitterness intensity of paediatric formulations. While advancements
have been made, further work is needed to identify effective taste-masking techniques for specific
drug molecules. Continuous refinement of machine learning algorithms, using human panellist
acceptability scores, can aid in enhancing paediatric formulation development and overcoming
taste-masking challenges.

Keywords: taste panels; artificial neural networks (ANNs); paediatric drug formulations; taste
masking; taste assessment; paediatric formulation development; machine learning

1. Introduction

The development of acceptable paediatric medicinal products is required to counter
the widespread and potentially harmful practice of off-label use of medicinal products
that are licensed only for adults yet prescribed for paediatric patients. In a recent large
consumer priority setting in Australia, more child-friendly medications and formulations
were amongst the top 10 research priorities for paediatric anaesthesia and perioperative
medicine [1]. Despite regulatory incentives in the United States and Europe to promote
paediatric formulation development, progress is hampered by challenges including the
need to address dose flexibility, swallowability, palatability, and the diverse physiological
developmental stages encountered in the paediatric population. Peroral minitablets [2],
microparticles [3], granules [4], liquid formulations, and scored chewable tablets [5,6] have
been proposed to address dose flexibility and provide ease of swallowability. However,
given that one in four active pharmaceutical ingredients (APIs) have an intensely bitter taste
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and these formulations often result in drug interactions with taste receptors, palatability
remains a significant challenge as young children are highly sensitive to bitter taste [7].
This issue is especially prevalent for drugs required to be administered at high doses and
frequent intervals, for example, anti-infectives, where the problem is further compounded
by the high number (40%) of anti-infective APIs having an objectionable taste [7].

Achieving effective taste masking of paediatric medicinal formulations is therefore
desirable, yet not always attainable through standard experimentation methods. From
a quality by design (QbD) perspective, effective taste masking of unpalatable APIs is a
critical quality attribute (CQA) that must be considered during formulation development
in order to achieve a quality target product profile. As such, it is imperative that the
CQA of palatability is built into the developmental process. Unfortunately, there is no
single ideal method for taste evaluation of medicinal formulations during the development
phase. Ideally, a taste evaluation of paediatric formulations should be conducted in the
target paediatric population; however, ethical, and practical, considerations make this
unfeasible, particularly for novel APIs. Consequently, various alternatives, such as in vitro
drug dissolution/release, e-tongue, and the rodent aversion model, have been utilised
as surrogates. There are, however, limitations in translating the data derived from these
methods into formulation development [8,9].

The aim of this review article is to summarise the limitations of the surrogate methods
of taste evaluation, advocate a practical implementation of appropriate human taste panels
to evaluate the palatability of paediatric formulations during the preclinical pharmaceutical
development phase, re-examine the concept of acceptability, and recommend the use of
machine learning for the future of palatable paediatric formulation development.

2. In Vitro Models

Surrogate in vitro drug dissolution assessment involves measuring the percentage of
drug load released at specified time points from a formulation into simulated saliva. The
use of traditional in vitro dissolution data to evaluate the taste acceptance of a medicinal
product is simple, cost-effective, and convenient. However, this method is not able to pro-
vide the threshold concentration for bitterness detection of a drug in the target population.
It also does not consider the size of the drug load in the formulation, and thus would not
be able to differentiate taste differences generated by a 10% release of a 5 mg drug dose
and a 10% release of a 500 mg drug dose. Additionally, the in vitro dissolution data do
not account for variations in bitterness intensity between drugs or the role of excipients
in modulating the organoleptic properties of the formulation. Furthermore, there is no
published consensus on the methodology regarding sampling time points, type, volume,
and agitation of the simulated saliva dissolution medium for in vitro drug dissolution
studies to generate reliable surrogate taste scores [10,11].

E-tongue technology employs a range of flavour sensors to detect the five basic
tastes: bitterness, sweetness, saltiness, sourness, and umami. These sensors operate by
measuring changes in the membrane’s chemical potential when immersed in a liquid
medium, and the resulting signals are converted into a chemical pattern [12]. Lack of
capacity to identify non-ionisable drugs in the sample medium is a constraint of the e-tongue
technique [13]. This stands in contrast to the human tongue’s ability to detect the taste
of non-ionisable molecules [14]. Additionally, the e-tongue is limited to the evaluation
of solutions. When the formulation under study is a solution, the sensors can be directly
immersed in the formulation to measure its taste. For formulations that are not solutions,
which account for the majority of new paediatric formulations, in vitro drug dissolution
experiments have to be conducted and the e-tongue is employed to analyse the drug
released from the formulation into the dissolution medium. Thus, the e-tongue is not
capable of examining the role of excipients, nor measuring the texture and acceptability of
the original formulation, resulting in its data not always able to be correlated with human
taste data [15]. However, e-tongue technology has advanced in recent years, and biological
electronic tongues (BioETs) now include bioactive materials such as receptors, cells, tissues,
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and other systems that aim to replicate the biological processes to more closely mimic
human taste perception [16]. In one study, a BioET has been shown to provide a high
degree of sensitivity and specificity to the taste of a variety of medium- and long-chain
fatty acids, including lauric acid, linoleic acid, and docosahexaenoic acid [17]. Also, since
BioETs are not restricted to only testing solution formulations, the influence of excipients on
taste modification could potentially be detected using BioETs, in conjunction with artificial
neural network (ANN) algorithms. Thus, while BioETs are a fascinating development, an
in-depth knowledge of receptor cells that specialise in detecting distinct tastes or textures
is crucial for determining overall taste acceptability using this technique. It is also yet to be
validated against human gustatory data.

3. In Vivo Animal Models

The rodent-based brief-access taste aversion (BATA) assay has been proposed as an alter-
native to human taste panels and e-tongues for evaluating the palatability of APIs. The BATA
method uses a lickometer to measure the frequency of licks made by mildly water-deprived
rodents when presented with API tastant solutions at a range of concentrations, with low
licking rates relative to the blank vehicle and/or water suggestive of aversive tastes [18].
While this method enables the generation of a comprehensive concentration–response curve
for lick rates within a short timeframe and with minimal animal usage, a major concern
is the ethical treatment of animals as they are unable to expel the aversive tastants. The
experiments are performed under highly controlled environments as the animals’ licking
behaviour is readily affected by noise and light distractions. Rodents also typically exhibit
heightened sensitivity to bitterness tastes compared to humans, which may not allow
for direct data translation, and the necessity for ethical approvals may prolong product
development timelines.

Fish or flies have also been used to evaluate the deterring effects of tastants [19,20],
but there is no published method for the taste evaluation of medicinal formulations using
these animal models. Taste scores generated using animal models have to be translated
to provide equivalent human data, and while there are tools to translate taste scores from
various non-human models to human equivalents [15,21], it is difficult to correlate an
animal aversive response to the nuances of human taste data.

4. Human Taste Panel

Human taste panels are regarded as the gold standard for the taste evaluation of
products designed for humans [21]. Ideally, human taste panels should be applied as the
reference point for evaluating taste at multiple phases of paediatric formulation develop-
ment, both before and during product creation, and also during the final assessment of the
product through clinical trials [22–24]. Despite their desirability, establishing an appropri-
ate human taste panel for all stages of development for a paediatric medicinal formulation
has not been extensively discussed within the pharmaceutical science community.

Consensus-driven human taste panel data will also be important heading into the
future. Currently, the process of developing an effective taste-masked formulation for an
unpalatable API is not efficient, predominantly relying on a trial-and-error method. An
approach that utilises ANN algorithms to forecast an optimal taste-masking formulation
for a specific drug molecule in a target dosage form could result in considerable cost
efficiency. The establishment of an appropriate ANN requires human taste panels involved
in evaluating paediatric formulations to use a unified scoring system agreed upon by the
pharmaceutical industry. In the next sections, we delve into the qualifications required for
the taste panellists, suggest a novel scoring system, and discuss their function in serving as
the training dataset for an artificial intelligence-driven taste-masking formulation selection.

4.1. Ethical Consideration

The ideal taste panellist for paediatric formulations would be a child. However,
there are a range of practical and ethical issues that make it highly challenging to enrol
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children for taste trials of medicines [25]. There are much higher levels of responsibility in
areas like confidentiality, legal consent, and absolute risk assessment, and stricter ethical
codes of conduct have to be put in place when children are involved [26]. It is also much
more difficult to recruit adequate numbers of paediatric participants, and involvement in
trials with unpleasant stimuli can be very distressing for young patients and their parents.
Furthermore, when young children (<5 years old) are the target group, instructions for
the taste evaluation procedure can be challenging to convey and compliance with these
instructions may be suboptimal. The evaluation of novel APIs presents further difficulties,
as safety data may not yet be fully available, leading clinicians to be hesitant to be involved
while parents are reluctant to provide consent. Nonetheless, if the continuous evaluation
of taste during the medicinal product development phase is crucial, then feedback from
the relevant population is indispensable in determining acceptable taste profiles. In the
QbD approach, this can only be accomplished through the incorporation of validated taste
evaluation protocols in the design of experiments (DoE).

4.2. Identifying Suitable Panellists

Young adult panellists capable of providing independent consent may be a practical
alternative to circumvent the ethical barriers associated with using child panellists for the
taste evaluation of medicinal products. However, the correlation between adult and child
gustatory experiences remains debatable, with concern centring around taste perception,
particularly aversion to bitterness taste, which is significantly different between young chil-
dren and adults [27]. Nonetheless, the perception that sensitivity to bitterness in children
only becomes comparable to that of adults during mid-adolescence has not been verified.

In the field of sensory evaluation, normative values for gustatory sensitivity have been
established for both adults and, more recently, children. The data were obtained using
“Taste Strips”, which are a validated gustatory test for four taste endpoints: sweet, sour,
salty, and bitter. Initially, the taste strips were administered following a predefined pseudo-
randomised procedure for adults aged 18–87 years [28]. A total of four different tastants
were tested, with each tastant administered at four taste-differentiable concentrations. The
gustatory function was provided by a cumulative score, derived from tallying the tastes
correctly identified. The normative value, defined as the 10th percentile of the study values,
was determined. A similar study was also recently conducted to determine the normative
value for children aged 6–15 years [29]. Although the participants in this study included
those up to 17 years of age, the small sample size for the 16- and 17-year-olds precludes
these participants in the final data analysis. Comparisons of the datasets in the two studies
indicate that the human taste function reaches maturity around the age of 10 years, with
maturity occurring slightly faster in girls. In children aged 6–15 years, taste scores for sweet,
salty, and bitter flavours, as well as the total taste score, increased with age. Conversely, in
adults aged 18–87 years, the taste function decreased with advancing age above 40 years
old. It is hypothesised that the regeneration of taste buds every 1 to 2 weeks leads to a
general ability to maintain taste sensitivity with increasing age in most people; however,
in individuals older than 40 years, the taste bud regeneration becomes unstable, leading
to less reliable taste perception. This suggests that adults under the age of 40 years have
similar taste discrimination scores to children aged between 10 and 15 years, and they
may have a more refined ability to distinguish tastes compared to children younger than
10 years old. On this basis, the recruitment of adults aged 18–40 years as taste panellists
could provide a practical solution to providing ongoing taste assessment of paediatric
formulations during the development phase.

4.3. Taste Panellists for Medicinal Formulations: Is Training Necessary?

Sensory evaluation has traditionally been categorised into two distinct areas: analytical
tests, which are commonly utilised in the food industry to objectively assess a range of
sensory attributes of products, and hedonic tests, which evaluate consumer acceptance or
preference for a product [30]. The nuanced taste characteristics of a paediatric formulation
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is not as crucial as those of a food product; in fact, highly attractive and palatable medicines
may cause children to overdose. What is more critical for a paediatric medicinal formulation
is to assess the threshold at which its taste becomes acceptable. Hence, hedonic tests that
evaluate the acceptance or tolerability of the formulation are adequate as the primary
sensory evaluation during the paediatric formulation development phase.

In line with this, conventional sensory panels comprising experts who are highly
trained in providing detailed taste descriptions, which are often required in ensuring
quality assurance for food, perfumes, wines, and beer [31–33], may not be necessary
for paediatric formulation development. However, numerous studies have indicated
that trained assessors do outperform consumers, primarily due to their familiarity with
experimental procedures used for sample evaluation [34] and their ability to articulate their
taste perceptions [35]. Recent research has shown that even brief familiarisation can be
helpful to enhance the consumer performance in analytical taste tests [36]. Thus, while the
training to provide detailed taste descriptions is not essential for the taste evaluation of
paediatric medicinal formulation, a discriminative deterrence for a taste, e.g., bitterness,
that is relevant to the acceptability of the formulation will be required of the taste panellist.
This ability to distinguish between samples can be improved with familiarisation, and
untrained panels can yield results comparable to those produced by trained panels when
provided with appropriate reference tastant samples [30].

Most medicinal formulations with objectionable sensory qualities contain a poorly
taste-masked bitter-tasting drug. Bitterness is an aversion taste; however, there is genetic
variation in how bitterness is perceived as it is detected by a group of receptors with a
high degree of polymorphism [37]. Fox, in 1932, had already recognised through blind
taste trials of phenylthiocarbamide that some people are extremely sensitive to bitter tastes
while others, the nontasters, perceived the same agent to have no or an only slightly bitter
taste [38]. Nontasters have been observed to become more sensitive to the bitter taste of
quinine hydrochloride when the agent is applied to the back of tongue where the bitterness
receptors are located [39]. To minimise variation in bitterness taste perception in the taste
panel, a preliminary study using solutions containing quinine at various concentrations
above its threshold bitterness perception concentration to screen extreme outliers in bitter-
ness taster panels is encouraged. However, with nontasters making up 30% of the general
population [40], it may be argued that at least one nontaster should be included in the taste
panel to provide more representative scores for the medicinal formulation.

It is also helpful to identify and address the challenges encountered by taste panellists.
During the DoE developmental stage where multiple formulation samples can be prepared,
panellists may have to taste a multitude of samples in a single day. This can lead to
sensory fatigue, causing uncertainty when panellists are comparing samples that were
presented early in the session with those presented at the end of the session. Emotional
factors can also impact the results, although this limitation can be overcome by using a
standard reference sample, similar to the method employed by Teillet et al. [41], to provide
similar baselines for different taste sessions. A known concentration of quinine solution
can serve as a reference product. Another obstacle in discriminatory taste evaluation is
the persistence of an aftertaste, which is not uncommon among bitter APIs. Water and
plain crackers are often offered to taste panellists to neutralise residual tastes; however,
this approach is not effective for APIs that leave a lingering taste for several hours. Given
the time constraints of evaluation sessions, a washout period of several hours between
samples is impractical. Therefore, there is a pressing need for suitable interventions for
taste evaluation of formulations with APIs that leave a prolonged lingering residual taste.

4.4. Towards a Unified Taste Scoring System in Paediatric Medicinal Formulations

Scores or scales are commonly used to rate the taste of paediatric medicinal formu-
lations, with most studies employing numeric systems and some utilising categorical
scoring methods. However, the interpretation of these scales can be inconsistent, making
inter-study comparisons difficult. One taste-scoring system for evaluating oral medicinal
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formulations is the visual analogue scale (VAS), where a 10 cm scale has 10 score points,
with 0 indicating the best, and 10 the worst, taste. The scale is further divided into four
categories: “excellent” (scores of 0–2), “good” (3–5), “acceptable” (6–8), and “poor” (>8) [24].
Orubu et al. used a computerised questionnaire, where participants rated aversion and
grittiness on continuous and categorical scales, respectively. Aversion was measured on
a 100 mm scale ranging from “not aversive” (0) to “very aversive” (100). Grittiness was
assessed using a 5-point Likert scale ranging from “not gritty” (1) to “gritty” (5). Addi-
tionally, participants indicated whether they found the sample acceptable as a medicine
with a simple “yes” or “no.” [22] Our team used the five-point facial hedonic scale for both
children and young adult taste panels, with options ranging from “dislike very much” on
the left to “like very much” to the right, and children were further asked to provide a simple
“yes” or “no” to indicate whether they would be willing to take the medicine again [5,6].
These scoring systems vary in complexity, measurement scales, and target populations.
The VAS and computerised questionnaire use continuous scales for rating taste, while
the facial hedonic scale employs categorical rankings. Table 1 presents examples of the
methodologies, along with their references, that are used for evaluating the acceptability of
oral paediatric formulations.

Table 1. Examples of methodologies utilised for evaluating the acceptability of oral paediatric formulations.

Tools Used Scales Used Ref.

Facial hedonic scale 5 faces [5,6]
Facial hedonic scale 7 faces [42]

Visual analogue scales
(VASs)

10 cm scale: “excellent” (0–2), “good” (3–5), “acceptable”
(6–8), and “poor” [24]

Visual analogue scales
(VASs) “Not aversive” (0) to “very aversive” (100) [22]

Likert scale 6 levels from “Not bitter” (1) to “extremely bitter” (6) [23]

The acceptability of a medicinal product is a complex concept that is not likely to be
quantifiable by a single taste score. In clinical taste trials involving children, in particular
children under 5 years of age who may not fully understand the purpose of the trial, we
have observed that factors such as pain, difficult relationships with caregivers, and the
individual’s anxiety can adversely influence their taste score, leading, for example, to
a child giving a poor taste score who at the same time would request to have another
trial tablet. Some studies have attempted to address this by employing a questionnaire
that covers multiple aspects contributing to palatability rather than a single parameter of
measure, however; this still does not address the interpretation of acceptability.

In a 2003 issue of the Harvard Business Review, Reichheld introduced the concept
of “the one number you need to grow”: the net promoter score [43]. Companies can
bypass complex and ambiguous satisfaction measures by simply asking customers if they
would recommend the company to a friend or colleague [43]. According to this idea,
one only needs to ask the target customers a single question: “How likely is it that you
would recommend our company to a friend or colleague?” The greater the number of
“promoters” a company has, the more significant would be its growth. To determine the
net promoter score, the customers’ responses based on a 0 to 10 rating scale are categorised
into “promoters” (9–10 rating—extremely likely to recommend), “passively satisfied”
(7–8 rating), and “detractors” (0–6 rating—extremely unlikely to recommend), and the
percentage of detractors is subtracted from the percentage of promoters. Companies with
exceptional loyalty will achieve net promoter scores ranging from 75% to over 80% [44].

The application of the net promoter score is prevalent in the business world, but this
concept has yet to be applied for the assessment of palatability and therapeutic compliance
of medicinal products. Instead, published studies assessing paediatric formulations have
largely referenced the taste assessment methodologies of the food industry. We know
from clinical trials involving children that the acceptability of a paediatric medicine is
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influenced by factors other than taste. Instead of trying to integrate all these factors into an
acceptability index, it may well be adequate to simply ask a single, comprehensive question
that encapsulates the overall acceptance of the medicinal product. The goal is to develop
medicinal products that are acceptable, effective, and safe without causing the child to
refuse to take it. Thus, posing straightforward queries such as “How probable is it that you
would recommend this medicine for your child or others?” or “How likely would you be to
take this medicine if you were ill?”, combined with a data analysis method that consolidates
rejection, indecisiveness, and acceptance into a single score, could provide a more accurate
and persuasive representation of medication acceptance in the pharmaceutical field. In
essence, the question here is whether it is possible to apply the concept of the “one number
for ACCEPTANCE” to the evaluation of paediatric medicinal product evaluations.

As a worked example, consider Tables 2 and 3, which display the hypothetical taste
scores for four formulations obtained from 10 participants. The question posed for Table 2
is “On a scale of 0 to 10, where 0 represents strong dislike and 10 represents strong liking,
what is your rating for the taste of the formulation?”, while that for Table 3 is “Would you
be willing to take the formulation again if required?” From the data in Table 2, it is evident
that formulation B has the highest average taste score and is likely the preferred option.
However, it is not clear whether an average score of 5.9 is adequately differentiated from
7.3, and whether a score of 7.3 is sufficient to recommend that the manufacturer progress
with formulation B with confidence that the formulation would not elicit refusal from
children. For Table 3a, the participants’ scores for “willingness to take the formulation
again” are stratified according to the Reichheld’s business model. Using this approach,
both formulations C and D have negative scores, providing a clearer indication that they
have a low likelihood of being promoted. Of the four formulations, only formulation
B has a positive score, suggesting that it is likely to be promoted. However, using the
business model, the score for formulation B is not adequate to progress as the loyalty
concept requires a net score of 75–80%. It might be argued that the classification boundaries
and net promoter score could be less stringent for medicinal formulations since the aim is
not to develop medicines as delicious treats. Instead, a certain level of positivity would be
sufficient. The downward adjustment of the classification boundaries for the participants’
responses in Table 3b results in net promoter scores that are less discriminatory than those
in Table 3a.

Table 2. Hypothetical taste scores from 10 participants for the evaluation of four medicinal for-
mulations. Mean and median scores are based on a 0–10 taste-rating scale (0—strongly dislikes,
10—strongly likes).

A B C D

2 6 3 1
2 6 4 2
3 6 4 2
3 7 5 5
3 7 6 5
6 7 6 5
6 7 6 5
7 8 7 8
7 9 8 8
9 10 10 9

Mean
Median

4.8 7.3 5.9 5
4.5 7 6 5
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Table 3. Hypothetical acceptance scores from 10 participants for “Willingness to Re-take Formulation”
for 4 medicinal formulations. (a) Classification of responses: distractors (0–6, peach), passives (7–8),
and promoters (9–10, green). (b) Classification of responses: distractors (0–5, peach), passives (6–7),
and promoters (8–10, green).

(a) A B C D
2 6 3 2
2 7 3 3
2 7 5 3
3 7 7 5
5 8 8 5
6 8 8 5
6 8 8 6
7 8 8 8
8 9 9 9

10 10 10 9
Distractor 70 10 30 70
Promoter 10 20 20 20

Net Promoter Score −60 10 −10 −50

(b) A B C D
2 6 3 2
2 7 3 3
2 7 5 3
3 7 7 5
5 8 8 5
6 8 8 5
6 8 8 6
7 8 8 8
8 9 9 9

10 10 10 9
Distractor 50 0 30 60
Promoter 20 60 60 30

Net Promoter Score −30 60 30 −30

In summary, it is compelling to have the net promoter score provide a single value,
which may be more appropriately named “medicine acceptance score”, to provide a more
robust representation of acceptance of a paediatric medicinal product compared to current
published scoring systems. For this approach to be adopted for paediatric medicinal
formulation assessment, it is essential to establish classification boundaries and a net
promoter score that the pharmaceutical community agrees upon.

5. Optimising Taste Masking with Artificial Neural Networks

The implementation of the QbD approach to medicinal product development has led
to the DoE being one of the most frequently utilised tools by pharmaceutical scientists [45].
However, the DoE, which relies on mathematical modelling, may not be as powerful a
tool as artificial neural networks (ANNs), a machine learning approach inspired by the
human brain. ANNs form the foundation of deep learning algorithms, and they have the
potential to serve as valuable experimental tools for optimising and predicting desired
product profiles. In contrast to DoE, ANNs can simultaneously model a large number
of variables and establish intricate relationships between dependent and independent
variables. Furthermore, ANNs can manage multiple outputs and model unstructured
data, whereas the DoE mathematical models might be too simplistic to describe complex
input-output relationships. In the field of pharmaceutical development, ANNs have been
employed within the design space for predicting responses such as dissolution [46,47]
and for optimising process parameters [48], but they have not yet been used to predict
optimised formulation designs for an unpalatable API.
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Moreover, with DoE, the initial design of a taste-masked paediatric formulation still
largely depends on a process of trial and error, supported by the published literature,
researcher expertise, and previous experiences, with consumer feedback becoming an
increasingly significant component of this research process. Selecting a taste-masking
formulation is a complex task, and there is as of yet no universal taste-masking technology
that works for all APIs. There are numerous methods for masking the bitterness of APIs,
including the addition of agents to mask taste (flavours and sweeteners) or inhibit the
bitterness taste receptor, physical barrier methods (coating, granulation, emulsification,
gelation), and chemical methods (tasteless prodrugs and ion-exchange complexation). The
chosen method depends on multiple factors, such as the bitterness threshold concentration
of the API, API–excipient interactions, physicochemical properties of the API, API dose to
be administered, and the API load released from the formulation into the oral cavity. The
first step in QbD involves designing a formulation that considers all the above factors. The
research required for this can be resource-heavy, time-consuming, and at the same time
uncertain, as the chosen formulation design may not successfully mask the API bitterness
to an acceptable level, making it a costly endeavour.

The diversity of bitter molecules can make it challenging to predict whether a com-
pound will taste bitter based on its chemical structure. However, researchers have de-
veloped machine learning classifiers to resolve this, although the bitter taste prediction
remains limited to small molecules, bitter receptors for small molecules [49], and pep-
tides [50]. For instance, BitterDB is a database of compounds reported to taste bitter to
humans and some animals [49]. BitterPredict is a machine-trained model using data from
BitterDB and non-bitter compounds from the literature, and claims to achieve high ac-
curacy in classifying unknown compounds as tasting bitter or non-bitter [51]. Although
useful for classifying large compound sets, this dichotomous classification is less helpful
for medicinal formulation development where different taste-masking methods may be
required depending on the level of API bitterness intensity. Another tool, BitterIntense, is
a machine learning classifier that identifies molecules as “very bitter” or “not very bitter”
based on chemical structure, boasting over 80% accuracy on several test sets [7]. More
recently, a web-based database was created specifically for APIs prescribed for children [52].
This publicly available and electronically searchable database allows users to input the
Simplified Molecular-Input Line-Entry System (SMILES) files of the main drug molecules
to predict the taste of the resultant oral medicines [52]. VirtualTaste is yet another free-
to-use web-based platform. Unlike the other databases, it is designed to predict three
taste endpoints—sweet, bitter, and sour—of individual compounds based on molecular
fingerprinting determined by the machine learning algorithms built into the platform using
published human data. The computational model claims to have an accuracy exceeding
88% and to provide a balance between specificity and sensitivity [53].

These databases are designed to predict the taste, in particular the bitterness, of
individual compounds. They do not provide protocols for the taste assessment of complex
admixtures of excipients and APIs typically present in medicinal formulations. However,
advancements in knowledge and machine learning technologies over the past decade
may make it possible for researchers to use machine learning to identify patterns in the
relationship between molecules and effective taste-masking technologies. Machine learning
can integrate numerous variables and uncover hidden correlations that contribute to specific
taste experiences and may become proficient at discerning bitterness and its intensity in
complex medicinal formulations. A critical requirement lies in having a dataset for the most
effective technique for masking the bitterness of specific molecules. The use of machine
learning to select formulation designs depends on acquiring knowledge from existing
experimental data and previous experiences, and then making accurate predictions for new
applications using the learned information from training datasets. Indispensable data for
this training dataset include the concept of acceptance, which may well be provided by the
net promoter score obtained from human taste panels, as outlined in the previous section.
Validated and consistent acceptability scores from human taste panels together with the
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formulation details (excipients, manufacture processes, and taste-masking platform) are
considered vital for advancing paediatric formulation development to the next level.

6. Conclusions

In conclusion, the ideal taste panellists for paediatric formulations would be children;
however, due to various ethical, practical, and regulatory challenges, young adults are
often employed as substitutes. Taste sensitivity matures around the age of 10 and declines
with age, making adults aged 18–40 potentially more suitable representatives for evaluating
paediatric formulations. When it comes to training, it may not be necessary for taste panel-
lists to become expert tasters as long as a reference product is used and taste panellists are
screened for individual bitterness taste detection thresholds. A unified taste scoring system
for paediatric formulations has yet to be established, but adopting a simplified approach,
like asking a single question regarding the likelihood of recommending the medicine, could
provide a more accurate representation of medication acceptance. This approach, combined
with establishing a compliance value that the pharmaceutical community can agree upon,
could lead to a more consistent and effective evaluation system for paediatric formulations.

Artificial neural networks (ANNs) are an untapped resource in the field of taste-
masking optimisation, offering a more comprehensive approach compared to the tra-
ditional design of experiments (DoE). With the ability to model intricate relationships
between numerous variables, ANNs have the potential to better predict and optimize
desired product profiles. The challenge of taste masking in paediatric formulations can
be addressed by employing machine learning classifiers to predict bitterness and its in-
tensity. While significant strides have been made in this area, further advancements are
required to identify the most effective taste-masking techniques for specific molecules. By
utilizing human panellist acceptability scores and continually refining machine learning
algorithms, researchers can work towards improving paediatric formulation development
and overcoming taste-masking challenges.
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