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Abstract 
Hautala J., 2017. Improving the Palatability of Minitablets for Feline Medication. 

 
Dissertationes Scholae Doctoralis Ad Sanitatem Investigandam Universitatis Helsinkiensis, 23/2017, 
pp. 72 
ISBN 978-951-51-3016-7 (Paperback), ISBN 978-951-51-3017-4 (PDF, http://ethesis.helsinki.fi), 
ISSN 2342-3161 (Print), ISSN 2342-317X (Online) 
 

 
Product acceptability and administration of drugs on a free choice basis are key factors 

determining the success of peroral veterinary medication, and are particularly important 
when treating chronic diseases of companion animals. Veterinary medicines found 
unpalatable and repulsive in odour, taste or form will result in refused voluntary intake. 
Particularly with cats, the issues related to product unacceptability are difficult to overcome, 
and specific tailor-made peroral dosage forms for cats are currently lacking. Both animal 
treatment compliance and owner treatment bonding are essential for successful veterinary 
drug therapy. Product dosing should be simple and easy, and it should be performed without 
any complications. The present study was undertaken to investigate feline peroral drug 
therapy and to develop novel feline-specific minitablets with increased palatability 
supporting the safe, simple, flexible and convenient drug treatment of cats.  

The acceptability of minitablets was evaluated in a new feline behavioural test setting 
with domestic pet cats. The minitablets, developed with a focus on target species 
characteristics, were found to be more acceptable than non-favoured food. However, 
improvements in minitablet odour and/or taste were required.  

Feline-specific flavours of non-natural origin together with a model substance having a 
bitter taste were investigated in the minitablet formulations. For a pharmaceutical industry 
point of view, synthetic flavours are considered more suitable over natural substances. In the 
present study, amino acids such as L-leucine and L-methionine, and thiamine hydrochloride, 
were considered as suitable candidates for feline minitablet formulations. 

New flavoured polymer coating formulations for feline medication purposes on 
minitablets were developed. Feline-specific synthetic flavours and their mixtures were 
incorporated in the aqueous film coatings of the polymethacrylate copolymer of Eudragit® E. 
The film coatings containing meat flavours of 2-acetylpyridine and 2-acetylthiazole in small 
concentrations were found the most applicable for minitablet coating and taste-masking 
purposes. 

Atomic layer deposition (ALD) was investigated as a novel ultrathin-coating method for 
pharmaceutical minitablets and for taste masking applications. The ALD thin coating, 
however, did not provide effective taste masking (with the coating levels studied) for the 
bitter tasting minitablets composed of heterogeneous excipients. 

In conclusion, the present results support the more cost-effective product development 
of palatable feline peroral medication. It is evident that pet and owner compliance as well as 
drug treatment efficacy and safety can be increased with the feline-specific products 
introduced here. The present results are also likely to be applicable for other veterinary target 
species, such as pet dogs. However, minitablets as dosage forms would additionally be 
suitable for humans.   
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Abstrakti 
Seuraeläinten suun kautta tapahtuvan lääkehoidon onnistuminen edellyttää, että eläin 

pitää lääkkeitään maittavina ja vapaaehtoiseen lääkkeenottoon houkuttelevina. Maittavuus 
vahvistaa myös lemmikkiomistajan hoitomyöntyvyyttä ja lääkehoitoon sitoutumista, ja on 
varsin oleellista paitsi lemmikin akuutin terveydentilamuutoksen tasapainottamiseksi, myös 
säännöllistä ja jatkuvaa lääkkeenottoa edellyttävien kroonisten sairauksien hoidossa. 
Eläinlääkintä on tarpeen myös ihmisten, yhteisöjen ja ympäristön hyvinvoinnin ja terveyden 
turvaamiseksi. Kaikista seuraeläimistä etenkin kissan lääkintää pidetään varsin 
haasteellisena. Kissan lääkintää vaikeuttaa myös, että sille rekisteröityjä ja niin sanotusti 
kohdennettuja ja maittavia lääkevalmisteita on markkinoilla vain vähän. Mikäli kissa pitää 
lääkkeen makua, tuoksua, kokoa, muotoa tai suutuntua epämiellyttävänä tai 
luotaantyöntävänä, se kieltäytyy ottamasta lääkettä vapaaehtoisesti, jolloin lääkkeenanto 
entisestään hankaloituu ja kissan lääkehoito epäonnistuu. Suun kautta annosteltavaksi 
tarkoitettujen eläinlääkkeiden maittavuutta on perinteisesti parannettu erilaisin luontaisin 
makuainein tai maunpeittotekniikoin. Varsin usein näihin kuitenkin kohdistuu erilaisia sekä 
raaka-ainehankintaan että lääkevalmistukseen ja –rekisteröintiin liittyviä lisävaatimuksia ja 
edellytyksiä erityisasiantuntemuksesta. Tästä huolimatta etenkin eläinlääkkeet tulisi 
valmistaa kustannustehokkaasti. Lisäksi lemmikin hoitomyöntyvyyden ja lääkitsijän hoitoon 
sitoutumisen parantamiseksi pieneläinlääkintään ja varsinkin kissalle tarkoitetuilta, suun 
kautta annettavilta lääkevalmisteilta edellytetään helppoa ja yksinkertaista annosteltavuutta 
ja maittavuutta. 

Tämän tutkimuksen tavoitteena oli helpottaa kissalääkintää. Tarkoituksena oli tukea 
lemmikkikissoille taloudellisesti valmistettujen, suun kautta tapahtuvan, helppoon 
annosteluun ja joustavaan lääkkeenantoon tarkoitettujen maittavien minitablettien 
valmistusta vapaaehtoisen lääkkeenoton, hoitomukavuuden ja hoitomyöntyvyyden 
parantamiseksi ja hoitoon sitoutumisen vahvistamiseksi.  

Tutkimuksen ensimmäisessä osatyössä selvitettiin, miten hyväksyttävinä kissat pitivät 
niille tarjottuja plasebominitabletteja. Tulosten mukaan tutkimuksen minitabletit olivat 
hyväksyttävämpiä kuin ruoka, josta kissa ei tunnetusti pitänyt. Minitablettien makua ja/tai 
hajua on kuitenkin parannettava. Toisessa osatyössä valittiin joukko sekä kissaa miellyttäviä 
että tunnetusti kitkeriä synteettisiä makuaineita, ja selvitettiin niiden soveltuvuutta 
apuaineeksi kissalääkintään tarkoitettuja minitablettikoostumuksia varten. L-Leusiini, L-
metioniini ja tiamiini osoittautuivat soveltuviksi makuaine-ehdokkaiksi minitablettien 
jatkotutkimuksia varten. Kolmannessa osatyössä tutkittiin makukalvopinnoitteita 
minitablettien päällystämiseksi. Eudragit® E –pinnoitepolymeerin joukkoon lisättiin 
makuaineita tai makuaineseoksia, ja niiden vaikutusta polymeerin vesiseokseen ja tästä 
valmistettuihin pinnoituskalvoihin selvitettiin. Tutkituista makuaineista 2-asetyylipyridiini ja 
2-asetyylitiatsoli pieninä pitoisuuksina käytettyinä osoittautuivat jatkotutkimuksiin 
soveltuviksi makuaine-ehdokkaiksi minitablettipinnoituskoostumuksia varten. Neljännessä 
osatyössä atomikerroskasvatus -menetelmää (atomic layer deposition, ALD) esitettiin 
uudeksi minitablettien päällystys- ja maunpeittotekniikaksi perinteisten 
pinnoitusmenetelmien sijaan. ALD osoittautui haastavaksi ja jatkotutkimuksia vaativaksi 
farmaseuttiseksi tablettien pinnoitusmenetelmäksi. 

Tutkimustulokset tukevat maittavien kissalääkkeiden kustannustehokasta kehitys- ja 
tutkimustyötä. Tutkimuksen minitabletein ja minitablettipinnoittein on mahdollista parantaa 
hoitoon sitoutumista ja hoitomyöntyvyyttä, ja helpottaa lääkeannostelua ja joustavaa 
lääkkeenantoa paitsi kissalääkinnässä myös muiden seuraeläinten hoidossa. Lääkemuotona 
minitabletit soveltuvat myös ihmisille.    
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‘The Funny File – How to give a cat a pill … and a dog, too 
 

How to give a cat a pill 
 

1. Pick up cat and cradle it in the crook of your left arm as if holding a baby. Position right 
forefinger and thumb on either side of cat’s mouth and gently apply pressure to cheeks while 
holding pill in right hand. As cat opens mouth, pop pill into mouth. Allow cat to close mouth 
and swallow. 

2. Retrieve pill from floor and cat from behind sofa. Cradle cat in left arm and repeat process.  
3. Retrieve cat from bedroom, and throw soggy pill away. 
4. Take new pill from foil wrap, cradle cat in left arm, holding rear paws tightly with left hand. 

Force jaws open and push pill to back of mouth with right forefinger. Hold mouth shut for a 
count of ten. 

5. Retrieve pill from goldfish bowl and cat from top of wardrobe. Call spouse from garden.  
6. Kneel on floor with cat wedged firmly between knees, hold front and rear paws. Ignore low 

growls emitted by cat. Get spouse to hold head firmly with one hand while forcing wooden 
ruler into mouth. Drop pill down ruler and rub cat’s throat vigorously.  

7. Retrieve cat from curtain rail, get another pill from foil wrap. Make note to buy new ruler 
and repair curtains. Carefully sweep shattered figurines and vases from hearth and set to 
one side for gluing later.  

8. Wrap cat in large towel and get spouse to lie on cat with head just visible from below armpit. 
Put pill in end of drinking straw, force mouth open with pencil, and blow down drinking 
straw.  

9. Check label to make sure pill not harmful to humans, drink 1 beer to take taste away. Apply 
Band-Aid to spouse’s forearm and remove blood from carpet with cold water and soap.  

10. Retrieve cat from neighbour’s shed. Get another pill. Open another beer. Place cat in 
cupboard, and close door onto neck, to leave head showing. Force mouth open with dessert 
spoon. Flick pill down throat with elastic band.  

11. Fetch screwdriver from garage and put cupboard door back on hinges. Drink beer. Fetch 
bottle of Scotch. Pour shot, drink. Apply cold compress to cheek and check records for date of 
last tetanus shot. Apply whiskey compress to cheek to disinfect. Toss back another shot. 
Throw T-shirt away and fetch new one from bedroom.  

12. Call fire department to retrieve the damn cat from tree across the road. Apologize to 
neighbor who crashed into fence while swerving to avoid cat. Take last pill from foil-wrap.  

13. Tie the little @!!@#@#$%’s front paws to rear paws with garden twine and bind tightly to 
leg of dining table, find heavy-duty pruning gloves from shed. Push pill into mouth followed 
by large piece of steak filet. Be rough about it. Hold head vertically and pour 2 pints of water 
down throat to wash pill down. 

14. Consume remainder of Scotch. Get spouse to drive you to the emergency room, sit quietly 
while doctor stitches fingers and forearm and remove pill remnants from right eye. Call 
furniture shop on way home to order new table.  

15. Arrange for SPCA to collect mutant cat from hell and call local pet shop to see if they have 
any hamsters.  

 
How to give a dog a pill 

 
1.   Wrap it in cheese.’  

 
 

 
 

 
Delack J., 2003. Can. Vet. J. 44: 321. 
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Ei ole olemassa muureja, 
on vain siltoja. 

Ei ole olemassa suljettuja ovia, 
on vain portteja. 

 
-Tommy Tabermann 

 
 

There are no walls, 
only bridges. 

There are no closed doors, 
only gates. 

 
-Tommy Tabermann (free translation) 
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1 Introduction 
Millions of households are inhabited by pets, including dogs and particularly pet cats 

(FEDIAF, 2014). Pet cats are treated and medicated as important family members, and their 
owners are willing to put money and effort into the well-being of their special companions 
(Horspool, 2013). The companion animal healthcare industry has therefore become a 
promising and growing business area (Horspool, 2013). Nevertheless, medication of pets is 
also necessary to ensure ‘One Health’, the health and well-being of pets, humans and 
societies (Alder, 2011; Day, 2011). This is needed in particular to prevent and reduce the risk 
related to viral, bacterial and parasitic infections and animal-derived diseases (Horspool, 
2013). 

Traditionally, it has generally been preferred to medicate companion animals at home 
(Ahmed and Kasraian, 2002; Horspool, 2013). Consequently, similarly to humans, tablets 
and peroral medication are chosen over injections or other more complicated means for 
product dosing (Ahmed and Kasraian, 2002). However, peroral medication of cats is 
particularly challenging because, in comparison to dogs, they are more independent and are 
less accustomed to being restrained, thus reducing voluntary product acceptance and 
administration (Thombre, 2004). Due to the lack of palatable products (Boothe, 1990a), 
pharmaceuticals found repulsive in taste, odour or size, or offensive in texture, will result in 
vomiting, salivation or loss of appetite in cats (Boothe, 1990b). The option of hiding the tablet 
inside palatable food, or crushing and then sprinkling it over food or a sugar syrup, also has 
limits, as certain drugs have to be administered in a fasted state or as a whole, not to mention 
that if crushed, the bad taste of the tablet core will be exposed (Thombre, 2004). In addition, 
cats do not respond to sugars making this approach inadequate (Boudreau, 1989). Moreover, 
sickness can commonly cause inappetite in cats (Boothe, 1990a; Heath, 2004), leaving the cat 
untreated. Felines are also susceptible to aversion and to both neophilia and neophobia 
(Bradshaw et al., 1996). Many domestic cats mainly suffer from neophobia, not to mention 
that their preferences differ from those of farm cats, these being particularly susceptible to 
neophilia (Bradshaw et al., 2000). Many adult cats are also lactose intolerant (Ruaux et al., 
2004). In addition, cats are susceptible to hazardous and even fatal adverse effects related to 
products containing propylene glycol (Christopher et al., 1989), or to substances containing 
phenolic groups (Maddison, 2004). The success of home medication of cats therefore 
depends on two major issues: on product taste and treatment compliance (Thombre, 2004), 
and on tailored and species-specific medication (Ahmed and Kasraian, 2002). 

In addition to challenges related to the feline nature, medicating pets is also 
complicated because the current selection of medicines intended for small animals, and cats 
in particular, is regrettably narrow (Horspool, 2013). More importantly, such a lack threatens 
our health and well-being (Medicines policy 2020). Pharmaceuticals for cats are therefore 
needed (Boothe, 1990a; Thombre, 2004), and particularly for cats, peroral pharmaceuticals 
are required with an acceptable taste, odour and mouthfeel to support voluntary 
administration (Ahmed and Kasraian, 2002; Kasraian and Thombre, 2002). Moreover, to 
keep up with treatment convenience, medication commitment and compliance, handling of 
the medicine has to be easy and the product dosing flexible for the pet owner (Horspool, 
2013). When developing such products, it needs to be considered that each animal species 
has certain distinguishing features that contribute to variations in its handling of drugs (Pope 
and Baggot, 1983; Baggot, 1988; Baggot and Brown, 1998). Moreover, for products claiming 
palatability, guidelines for this have been provided, these suggesting that palatability testing 
is to be conducted in animals representative of the target population 
(EMA/CVMP/EWP/206024/2011).   
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The most common and cost-effective way to improve the palatability of feline 
pharmaceuticals is to add flavours or sweeteners to the product formulation (Kasraian and 
Thombre, 2002). Flavours have also been used in combination with other palatability 
improving techniques, such as in coatings (Bernachon et al., 2014). Due to the carnivorous 
nature of felines, the appeal of products intended for cats has been increased with meat-
derived products, yeast and liver extracts, poultry and fish flavour, and dairy-based agents 
(Eichelburg, 1978; von Bittera et al., 1981; Jans and Gills, 1998; Kasraian and Thombre, 2002; 
Thombre, 2004;). However, the use of flavours of natural origin is problematic, as they suffer 
from batch-to-batch variation and a lack of microbiological purity, among other issues, and 
synthetic flavours are consequently preferred (Kasraian and Thombre, 2002). Moreover, the 
addition of sweeteners to feline formulations would not be adequate, as felines do not 
respond to sugars (Boudreau, 1989). Meat-based flavours are also problematic due to the 
possible risk related to BSE (bovine spongiform encephalopathy) (Thombre, 2004). Polymer 
coating is the most effective way to hide the bad taste of tablet cores (Sohi et al., 2004; 
Ayenew et al., 2009), and can even be used for core odour masking (Evonik, 2009). 
Microencapsulation, lipids and polyethylene carriers have also been utilized when 
embedding/coating the bad taste of pharmaceuticals (Sohi et al., 2004; Ayenew et al., 2009). 
So far, the established coating techniques have not been replaced by other coating method(s) 
that offer improvements in terms of economics and production capacity (Banker, 1966). 
However, effective and inexpensive techniques are still being searched for, as conventional 
coating techniques involve labour-intensive methods requiring technical expertise. Novel 
insights in this area would therefore be appreciated. 

As animal healthcare customers are seeking products with increased pet bonding, ease 
of dosing and uncomplicated use, this dissertation research aimed to improve the 
pharmaceutical therapy of felines, in particular, and concentrated on the palatability issues of 
feline home medication using small minitablets specifically designed for cats. To overcome 
issues related to current tablets intended for feline medication, such as expensive 
manufacture, flavours of natural origin, tablets with large sizes requiring splitting or crushing, 
or sugar-coated tablets indicating inadequate feline palatability, the study focused on the 
evaluation of minitablets designed for felines that, as a robust dosage form, can be cost-
effectively manufactured. The study evaluated in the pet home environment whether 
minitablets designed particularly for felines are considered acceptable by ordinary domestic 
pet cats. In addition, the study investigated the applicability of new feline-specific flavouring 
excipients of synthetic origin in minitablet formulations, as well as in new flavoured polymer 
film coating compositions intended for feline medication and minitablet coating purposes. 
The dissertation also presents a feasibility study on a novel thin-coating method for the taste 
masking of bitter-tasting minitablets. The general aim of the study was to develop small-sized 
tablets for simple and convenient feline medication purposes. The dissertation research also 
sought to provide new technologies and formulations to manufacture palatable formulations 
for feline medication. Moreover, as the development of palatable pharmaceuticals focused on 
cats as model animals due to challenges in their medication (Thombre, 2004; Riviere, 2007), 
the results could also be applicable to other target groups, such as dogs, thus improving their 
pharmaceutical therapy, treatment commitment and compliance. 
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2 Literature overview 

2.1 The trend of pets 

No matter how far back in history we go, companion animals or pets have always been 
important family members. The role of companion animals has greatly varied in rural 
landscapes and urban cities, ranging from the countryside pest hunter, herder, guard or 
hackney to a city area guide and companion. Nevertheless, the increased quality of life within 
the middle class population has increased the popularity of companion animals. More and 
more people are willing to have and to invest in companion animals, and many have the 
possibility to follow this desire. Numerous people are also interested in sophisticated animal 
behaviour, and in understanding and translating the language and emotions of pets, not to 
mention people such as the disabled, whose everyday well-being simply depends on animals. 
In modern society, pets can also have entirely new roles. For example, cats, dogs and horses 
can serve in innovative duties that strengthen the bonds between humans and animals. 
Today, we can see, for instance, therapeutic horses for the handicapped, cancer-detecting 
cats, companion dogs for the elderly, or reading listeners for children. Animals that are 
traditionally considered as ‘mere’ animals are now valuable living and thinking creatures. 
More importantly, companion animals are able to improve the quality of human life in ways 
that cannot be bought.  

Finland is the country of a thousands pets (Lilja, 2016). Since 2012, the proportion of 
Finnish households having either a cat or a dog, or both, as pets has increased from 30% to 
35% (Tilastokeskus, 2016). Within the European Union, there are 75 million pet-owning 
homes, these being inhabited by 72 million pet cats, which outnumber the 63 million dogs 
(FEDIAF, 2014). Today, in addition to being important companions, pets also have new roles 
and responsibilities. Pets are taken to restaurants, on travels and shopping, they have their 
own Christmas calendars, named beers and day care. Having companion animals, pet cats 
and dogs is an increasing trend, and living together with a pet or two suits us and our modern 
urban lifestyle well, especially with small-sized pets. In particular, the number of pet cats is 
rapidly growing, and even dogs are being bred into small, fashionable designer breeds such as 
cheagles, bagle hounds and labradoodles (Lilja, 2016), although large-sized canines are 
favoured in some countries. It is not uncommon to find a household already inhabited by one 
pet that will willingly take in another. Neither is it uncommon to discover that people are 
paying more attention to the welfare of animals, and want to provide better conditions for 
those individuals currently not living in safe and healthy surroundings.  

Compared to dogs and cats running wild, family pets generally live on ‘cloud nine’. The 
healthcare of family pets mirrors that of humans, and they are therefore usually very well 
taken care of, thus providing them a longer life than a few years ago (Kraft, 1998; Bonnett 
and Egenvall, 2011). Such welfare support has also required investments in better and more 
innovative treatments, and methods currently used in human healthcare are commonly also 
being taken into use within the companion animal landscape. The health status, well-being 
and diseases of pets are analysed, prevented and treated with techniques similar to those 
used in humans (Horspool, 2013). Moreover, typical pet owners want to invest in, and are 
willing to put time and money into the well-being of their pets (Horspool, 2013). The 
continued strengthening of the bond between the owner and the animal companion is the 
driving force in the development of companion animal healthcare, in addition to increased 
pet owner awareness, demands and expectations, these all increasing together with the 
increased number of pets.  
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For the industry focused on companion animal healthcare, such a situation is fruitful, 
not only as their well-defined group of customers is already waiting for the industry to 
answer their demands and expectations, but also because the well-being, healthcare and 
medicinal treatment of animals have also been acknowledged in national policies. This then 
obligates society to move towards the effective, safe, justified and cost-effective use of 
medicines (Medicines Policy 2020). Following policies, as animal medication secures public 
health and promotes the well-being of both animals and humans, this means that the 
necessary use of veterinary medicines has to be appropriate to ensure the safety of consumers. 
Moreover, it means that the regional and national access to veterinary medicines has to be 
secured, and their importation and supply has to be safe. Moreover, monitoring of the 
consumption and use of antimicrobial agents also has to be developed, and adequate systems 
have to be created for the use, dispensing, and prescription of veterinary medicinal products. 
Following the policy demands placed on veterinary healthcare, it is essential to support the 
well-being of animals, as this affects the quality of food products, the economics of livestock, 
and the physical and mental well-being of humans. Most importantly, the policies note the 
limited selection of medications in small animal medicine, particularly regarding companion 
animals. The policy admits that the current selection of medication for small animals and 
animal diseases is already narrow in range and needs strengthening. The inadequate range of 
small animal medication has already led to situations where the availability of large amounts 
of medicines has had to be ensured through the compassionate use of medicines. If lacking, 
such a situation may lead to a threat where animal-derived diseases begin to spread. 
Moreover, if there are interruptions in production, the lack of veterinary medicines, which 
are already narrow in range, may significantly disturb their availability, which will then be 
followed by substantial problems in maintaining animal well-being, in addition to economic 
losses. Means to support the well-being of animals are therefore needed, in addition to a 
broader selection of veterinary medicines, particularly for companion animals.  

 
2.1.1 The companion animal healthcare market 

The shift in animal medicine towards the companion animals sector has been driven by 
environmental and regulatory factors, in addition to the economic rise of the middle class in 
particular (Ahmed and Kasraian, 2002). Pets need medicines to overcome, prevent and treat 
dangers threatening the bond between the pet owner and the animal. For the animal 
healthcare industry, inventing such means provides increased revenues, broader markets, 
and even better customer service and reputation, while veterinarians are better able to treat 
animals under usual and unusual conditions, and to prevent animal disease and suffering. 

Within ‘Big Pharma’, wide human health portfolios have been leveraged together with 
new chemical entities into the companion animal sector in common therapeutic areas, some 
through business acquisitions and mergers, even forming new companies around veterinary 
and companion animal healthcare (Horspool, 2013). Collaboration between firms working 
within animal healthcare is encouraged, particularly when attempting to overcome the losses 
related to narrow product portfolios. Product portfolios can be widened through niche 
technologies applying progress in biopharmaceutical research and modeling, and knowledge 
of disease prevention rather than treatment (Sabnis and Rathbone, 2013). Product selection 
in companion animal medication is expected to become more specialized (Horspool, 2013), 
the portfolios also being filled with new and more uncommon veterinary therapeutic 
indications, such as obesity in dogs and animal depression, paralleling similar conditions in 
human health and healthcare (Gosselin et al., 2007; Heuberger and Wakshlag, 2011).  
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The global animal healthcare market for both companion and food producing (livestock) 
animals is expected to have a continual annual growth rate of 3% up to 2020 (Vetnosis, 
2016a), indicating 30 billion US dollars. Since 1998, the companion animals sector has 
significantly increased (from 29% to 41%), while the sector for food producing animals has 
concomitantly decreased (from 70% to 59%) (Vetnosis, 2016b). In 2012, the companion 
animal industry was a business worth 800 million euros (Lilja, 2016). By the end of 2015, the 
revenue of the animal healthcare market was already around 30 billion US dollars (over 28 
billion euros) (Vetnosis, 2016b). Customers of animal healthcare are mainly located in 
Western countries (approximately 47% in the Americas and 31% in Europe) (Vetnosis, 
2016b). These regions also have an established market for companion animals, with interest 
and expectations concerning a sizeable selection of animal food and health products. In the 
US, over 60 billion US dollars was spent on companion animals during 2015: 26% of this was 
spent on veterinary care (including medicines) and a further 23% on over-the-counter 
products and supplies, with the remainder on food, live animal purchases and pet services 
(APPA, 2015). The same trend is being mirrored in other countries (Horspool, 2013). In 
addition to Western countries, animal healthcare products are also needed elsewhere. 
Following the increase in the middle class with an interest in protein-rich diets, the need for 
veterinary medicines, including for companion animals, is also expected to increase in the 
BRIC countries (Brazil, Russia, India, China), as well as in Mexico (Horspool, 2013), and 
subsequently in the Asia Pacific, the Philippines, Venezuela and Argentina (Vetnosis, 2016b). 
   
2.1.2 ‘One Health’: The reason for treating animals 

The concept of ‘One Health’ symbolizes the interlinkage between animal and human 
health, and their many shared aspects. For both disciplines, zoonooses, foodborne diseases, 
poor sanitary conditions, microbial threats and resistance to antibiotics or anti-parasitic 
drugs (with the likely consequence of their spread into the environment) have been described 
as future challenges (Dencker et al., 2016). The concept of ‘One Health’ cannot be ignored, 
not only as 60% of human infectious diseases evolve from animal pathogens, but also as 75% 
of emerging human infectious diseases have an animal disease origin (OIE, 2015a), and 
moreover, due to the mutual, shared use of certain antibiotics described as critically 
important for both human and veterinary health (WHO, 2011; OIE, 2015b). Therefore, 
following ‘One Health’, justified use of medication in animals is that which ensures human 
and environment health, food safety and the development of societies. The well-targeted, 
regulated, justified and documented use of veterinary medicines will not only support the 
well-being of animals themselves, but also benefits us. As such, ‘One Health’ contributes to 
public health, the safety of our environment and the comfort of generations.  

Traditionally, veterinary medicines have been applied to livestock, such as cattle, 
porcines, caprinae, poultry and aquaculture (Guest, 1998). The animal health care industry 
has thus commonly invested in the development of new livestock animal medications. More 
recently, however, the tendency in veterinary drug development has been shifting to research 
on and the advancement and commercialization of medication intended for companion 
animals. The shift within the industry towards the companion animal sector is due to the 
veterinary industry’s response to public demand, the increased standard of living and 
urbanization. Basically, the change is due to the popularity of having companion animals, 
and due to the demand for medication to treat them. Medication is needed for pet acute 
health and improvement of well-being, but particularly to address the increasing need for 
treating chronic diseases, such as cardiovascular and metabolic diseases. 
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Similarly to food-producing animals, the treatment of family pet cats, dogs and horses 
stems from the idea of ‘One Health’. Even though our environment and food safety are still 
embraced and are of utmost importance, at the same time, animal owners want to assure and 
protect the health of their pets, and are thus willing to improve the well-being and health of 
this important family member. Infections (viral, bacterial, and parasitic) are among the 
greatest challenges facing companion animals (Horspool, 2013). Climate change, changes in 
the ecology of parasite habitats, increasing host and vector interactions, increased travel by 
companion animal owners, and the importation of animals from endemic areas may be 
responsible for an increase in the geographical distribution of parasites and an increased risk 
of vector-borne infection outside the traditional endemic areas. Common parasites therefore 
threatening not only pet health but also human health include ticks (may cause the tick-
borne disease babesiosis) (Porchet et al., 2007), sandflies (may cause vector-borne diseases 
such as leishmaniasis) (Aspöck et al., 2008; Petersen, 2009), and heartworm (may cause 
filariasis) (Genchi et al., 2011). Animal owners and veterinarians need tools to prevent and 
treat such diseases. Moreover, parasites such as the metastrongyloid lungworms (Morgan 
and Shaw, 2010; Helm et al., 2010) and Trichuris vulpis (Traversa, 2011) are spreading 
and/or may present a more prevalent threat than has been suspected. In addition, certain 
parasites already represent a substantial threat to public health, such as Toxocara (Rubinsky-
Elefant et al., 2010) and Echinococcus multilocaris (Torgerson, 2006). Thus, treating and 
preventing diseases and infections commonly known to exist in companion animals 
ultimately improves the general welfare of the society. Means to assist the maintenance of 
companion animal and pet owner well-being and health are therefore required, indicating 
that it is also necessary to increase the availability and number of medicines, not only of 
those provided by the veterinarian, but also of medicines given to the pet by the pet owner. 
Therefore, medicines with uncomplicated and easy dosing, confirmed voluntary intake and 
improved pet owner compliance are needed, as this will benefit us all. 
 
2.2 Medicines used for veterinary medication 

2.2.1 Development of veterinary medicines 

There are many similarities between the human healthcare and animal healthcare 
industries. They are both research driven, have global focus, are highly regulated, and need to 
generate profit and acceptable turnovers in a competitive business environment. Similarly to 
human medicine, all drug products used for veterinary patients must first and foremost be 
safe and effective. For veterinary medicines, the time from bench to market may be 2–3 years 
shorter compared to human medicines, depending on the therapeutic class, duration of 
therapy and the target species (Ahmed and Kasraian, 2002). The slow evaluation process of 
drug safety and efficacy in human medicines is due to the pre-clinical studies in animal 
models followed by Phase I safety evaluation and then Phase II and III safety and efficacy 
confirmation. With veterinary medicines, clinical testing is facilitated by the ability to rapidly 
establish species safety and efficacy and the circumvent pre-clinical and Phase I evaluations. 

However, veterinary healthcare has characteristics that need to be born in mind when 
developing products for animals (Ahmed and Kasraian, 2002). The special features concern 
the three main factors of (1) cost and weather sensitivity, and husbandry practices, (2) the set 
demands for multiple species and breeds and the variability in animal weights, and (3) 
consumer compliance and convenience, and user and target animal safety (Pope and Baggot, 
1983; Baggot, 1988). Due to the specific features of veterinary treatment, formulations 
intended for animal use are often more complex and diverse compared to human medicines 
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(Ahmed and Kasraian, 2012). Therefore, formulation development for veterinary medicines 
can involve even higher expenses and comprise a larger proportion of the overall product 
development cost than for human medicines. Coping with the expenses can be challenging, as 
the budgets reserved for the development of veterinary medicines often are smaller in 
comparison to funds for the development of human pharmaceuticals. Moreover, it may be 
ambitious to fulfil the demands related to target species and breed multiplicity, variability in 
animal weights, and correct pharmacokinetic modelling to obtain the necessary information 
on drug interactions or transporters, which vary from species to species. Questions may also 
arise when evaluating the consequence of side-effects on pet owner compliance, such as a 
skin reaction at the injection site.  

Similarly to the development of human pharmaceuticals, the production and 
development costs in the veterinary industry should be kept as minimal as possible. With 
human medicines, development and production costs can be lowered with continuous 
production, but to date, such thinking has not existed in the veterinary pharmaceutical 
industry. Therefore, due to the small batch sizes necessary for delivery, the manufacture of 
veterinary products is handled via unit operations. For the veterinary pharmaceutical 
industry, this can also be considered as beneficial, since small batch production provides 
speed and elasticity. Moreover, veterinary medicines still mostly lack generic substitution, 
and there is a shortage of overlapping competitive pharmaceutical products related to generic 
medicine, although generic approaches have been seen with some drug products and firms 
(e.g. Putney Veterinary Generics). The lack of generic substitution may support small 
veterinary pharmaceutical companies or those new enterprises attempting to reach the 
markets of animal healthcare.  

Compared to the pharmaceutical development of veterinary medicines for livestock 
animals, formulation and drug delivery considerations for companion animals are dictated by 
different issues (Ahmed and Kasraian, 2002). With livestock animals, the formulation 
challenge is to develop dosage forms minimizing the time and cost associated with the mass 
treatment of herds, with the concomitant focus on animal welfare, ease of administration, 
season-long protection and human safety. The companion animal industry is not as cost-
sensitive as the livestock animal industry. Moreover, for companion animals, it is important 
to develop products focusing on the ease of use by the pet owner, and on improved pet–
owner bonding, pet–owner compliance and dosing flexibility (Ahmed and Kasraian, 2002). 
In the development of companion animal medication, compliance has therefore been 
described with the common driving theme (Horspool, 2013). Compliance means the 
willingness of the pet owner to follow the course of treatment prescribed. The tools offered by 
the pharmaceutical industry should support this owner willingness and ability, in particular, 
to make pet medication as pleasant and simple an experience as possible for both the pet 
owner and the pet. Compliance is essential, not only during short-term medication, but 
especially with diseases demanding long-term treatment. Reduced treatment frequency, easy 
product dosing and ensured voluntary administration are ways to improve compliance 
(Horspool, 2013). Therefore, once-a-day peroral or topical dosing are preferred as the dosing 
regimen and mode. Medicated collars, spot-ons and palatable tablets are therefore commonly 
preferred for household pets, in contrast to injections, feed additives, ruminal boluses and 
topical pour-ons used for livestock administration. Issues related to product palatability are 
particularly essential for pet medication. When developing palatable pharmaceuticals, 
research is often focused on cats as model animals due their challenging nature when 
administering medication (Thombre, 2004; Riviere, 2007). Generally speaking, in drug 
delivery for companion animals, similar standards to those for the disease state in human 
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pharmaceuticals need to be considered (Ahmed and Kasraian, 2002). This means that drug 
products intended for companion animals, such as cats and dogs, have to be tailored and 
species specific (Ahmed and Kasraian, 2002). If ignored during formulation, the drug 
delivery becomes complicated. 
 
2.2.2 The use of Cascade 

In the European Union, medicinal products for veterinary use have to be authorised 
either at the Member State or the Community level (2001/82/EC). The authorisation process 
seeks to minimize the risks related to the use of medicines in ways that have not been 
authorised. Therefore, for the veterinarian, the rule of thumb following the legislation is that 
animals are medicated primarily with medicinal products that are authorised in that country 
for the use of the current species and condition (2001/82/EC). Here, in order to treat the 
animal in the best possible way, the veterinarian has the option to choose the most suitable 
drug substance, form and strength. Thus, the legislation also recognises clinical situations 
where no authorised veterinary medicine is available, and therefore provides exemptions 
allowing veterinarians to treat animals under their care. Such exemptions comprise products 
applied for research purposes, for exceptional circumstances (e.g., epizootic diseases 
requiring use of immunological products without a marketing authorisation), and 
immunological products intended for imported/exported animals. Commonly, the exemption 
regards the Cascade and related situations where no suitable authorised veterinary medicinal 
product is available.  

Following the Cascade, if no suitable authorised veterinary pharmaceutical exists for 
the present animal species, veterinarians need to take into account the legislative provision 
allowing them to prescribe unauthorised medicines that would not otherwise be permitted, 
and thus to act on ‘Cascade use’. Consequently, the veterinarian may treat the companion 
animal in accordance with the following sequence, in descending order of priority, taking 
regional differences in Directive (2001/82/EC) interpretation into consideration:  

1) Use a veterinary medicine authorised in that country for use with another 
animal species, or for another condition in the same species. 

2) If no such product exists, the next option is either to use 
- a medicine authorised in that country for human use 
- in accordance with specific national measures, a veterinary medicinal 

product that is not authorised in that country but has the authorisation 
in another Member State for use in the same species or in another 
species for the particular condition or for another condition. 

3) If no such product exists, the last option is a medicine prescribed by the 
veterinarian responsible for treating the animal and prepared 
extratemporaneously by a veterinarian, a pharmacist or a person holding an 
appropriate manufacturer’s authorisation.  

To benefit the animal health industry, animals and pet owners, veterinarians and 
businesses, the European Commission has since 2014 focused on increasing the availability 
of veterinary medicines, and consequently, it has made great attempts to stimulate 
competitiveness and innovation in the field of veterinary healthcare. Such actions have 
already provided support for companion animals, as certain agents utilizing advances in 
human medicine have been approved for use in cats, dogs and horses, such agents including 
angiotensin converting enzyme inhibitors, certain antibiotics, antiemetics, antifungals, 
antiprotozoal, corticosteroids, diuretics, ectoparasiticides, gastric acid inhibitors, hormones, 
intravenous anaesthetics, nonsteroidal anti-inflammatory drugs, macrocyclic lactones, 
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mercaptoimidazoles, phosphodiesterase inhibitors and receptor kinase inhibitors (Horspool, 
2013). However, veterinary species-specific medicines are still rare, mainly as veterinary 
medicine lacks large-scale epidemiological studies that define prognostic end-points allowing 
evidence-based therapeutic decisions (Horspool, 2013). Moreover, for those medicines 
approved for veterinary use, issues related to product acceptability and palatability, and 
ensured voluntary administration, have often been ignored. Due to the lack of species-
specific medicines, veterinarians are therefore often forced to lean on the ‘Cascade use’ of 
medicines. Despite continuous efforts and progress, the selection of feline-targeted dosage 
forms in particular is currently inadequate, having specific issues related to aged cats, 
premature kittens and chronic illnesses. For example, kidney and thyroid disorders, as well 
as diabetes mellitus and osteoarthritis, are relatively common in aged cats (Horspool, 2013), 
whereas kittens often suffer from malnutrition and a lack of necessary vitamins or amino 
acids. Due to the lack of feline-targeted medication, chronic kidney illnesses in cats are 
therefore commonly treated using human medicines. Recently, Vapalahti and co-workers 
(2016) discovered that certain cat breeds suffer from diseases that are typical for that 
particular breed. Cats typically suffer from illnesses related to the oral cavity (Finnish cats), 
or parasites and amoebas (domestic cats). Specific breeds can have almost 60 different 
hereditary diseases related to urinary infections (Abessinians, Ocicats, Somalians), asthma 
(Corats), and kidney diseases (Ragdolls), and all these diseases require medication and care. 

At present, felines lack palatable medicinal products and also proper-sized tablet 
products with easy administration (Boothe, 1990a). Despite a few peroral medicines intended 
for feline use, current feline medication still strongly relies on canine and even on human 
medication. Moreover, the traditional and already existing drugs registered for felines may 
have issues related to their size and acceptance with regard to palatability. With canine and 
human medicines, problems can also arise with excipients, which may be suitable for the 
target species but not for felines. Moreover, the use of such products for cats is limited due to 
dosing inflexibility and palatability issues. 

Converting human pharmaceutical formulations to animal health formulations is 
neither simple nor straightforward. The crucial factors to be taken into account with 
companion animals include the used excipients, multiple doses, lower strengths, the dosing 
regime (on a mg/kg basis for animals versus mg in humans), and palatability (Ahmed and 
Kasraian, 2002). It is therefore evident that all these issues add complexity to animal 
medication when compared to human medication.  

Most of the tablet products designed for human use are based on a milligram (mg) dose 
and on the assumption that an average human weighs approximately 70 kg (Ahmed and 
Kasraian, 2002). This approach makes the dosage of the product for companion animals 
difficult and challenging to determine, as for these animals, tablets are needed, with the 
particular animal generally being smaller than the human target. As the drug load is simply 
too large, tablets have to be scored. From the animal owner point of view, such scoring 
complicates the handling of the drug product, reduces treatment commitment, and may 
finally lead to discontinuation of the medication. Moreover, breaking a solid drug product is 
likely to impair the palatability of the medicine, thus leading to companion animals 
(especially cats) refusing to eat it. In addition, as the animal owner is forced to modify the 
dosage forms to enhance their palatability or dosing accuracy, mishandling may lead to drug 
stability and medication safety concerns. For cats, a better approach would be the selection of 
tailor-made multiple tablet strengths (preferably three or four strength options) packed as 
minitablets and developed with the emphasis on dosing on a mg/kg basis. This approach 
would allow species-specific accurate dosing and dose titration. 
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Another medication-related problem with companion animals is associated with 
excipients. When medicines approved for other species are used, the risk of side effects or 
even fatal incidents for the new target animal will greatly increase. Unlike canines, felines are 
particularly sensitive to substances grouped with phenols (Maddison, 2004). This has been 
reported to be due to the inadequate capacity of feline metabolism through the 
glucuronidation mechanism, and thus the use of such excipients in felines leads to (even fatal) 
methemoglobinaemia. Acetaminophen, a phenol-grouped drug commonly used in human 
medication, has been responsible for fatal adverse reactions in felines. This can also be 
explained through the differently structured ABCG2-transporter protein in felines, making 
this unable to bind and transport acetaminophen to the bile, where the substance would be 
metabolized (Mealey, 2012). In addition to substances containing phenolic groups, propylene 
glycol, a commonly used cosolvent/preservative in human medicines, is also toxic for felines 
(Christopher et al., 1989). Furthermore, lactose is an unsuitable excipient for feline 
medication, since most adult cats suffer from lactose intolerance (Ruaux et al., 2004). If 
issues related to excipients were ignored, severe adverse reactions may occur. Furthermore, if 
left unstudied, severe excipient or drug substance-related adverse reactions may take place in 
the future, since animal breeding may increase the risk of genetic disabilities within species, 
and may thus increase the sensitivity to excipients or drugs suitable for other breeds within 
the same species. The development of tailored veterinary drug products for targeted species 
and breeds is therefore of major importance.  

Stability issues become more complex when developing palatable tablets. Flavour 
systems, such as yeast or natural meat flavours, typically consist of a number of components, 
and may therefore react with a drug substance and affect tablet dissolution. Moreover, 
microbiological impurities become a challenge in developing the analytical method, not to 
mention issues related to regulatory acceptance or manufacturing demands. Therefore, 
flavours of natural origin should be replaced by flavours that are synthetic but are still found 
appealing by the target animal. While selecting appropriate flavours, the species-related 
dietary preferences should be carefully studied and taken into account, as they may vary 
greatly. In comparison to dogs, which are omnivores and sensitive to sweet flavours, cats are 
strict carnivores and have been described as unable to sense sweet tastes associated with 
sugars or sweeteners (Boudreau, 1989). On the contrary, cats have been described to show 
aversion in the presence of sweeteners (Kienzle, 1993). Thus, human pharmaceuticals coated 
and taste masked with sugars or sweeteners might not be found appealing by felines. Instead, 
pharmaceuticals intended for feline use could be flavoured with tastes of sour, fish, yeast and 
liver. It is also worth paying attention to the mouthfeel and shape of these pharmaceuticals, 
and not to choose swelling or sticky excipients for feline formulations. The individual taste 
preferences of cats may greatly vary (Bradshaw et al., 2000; Hullàr et al., 2001; Thombre, 
2004), and there can also be a ‘learned component’ affected by the owner’s preferences or the 
cat’s earlier experiences (Bradshaw et al., 2000; Stasiak, 2002; Thombre, 2004). 
Furthermore, in comparison to canines, feline dentition is not suited to chewable tablets 
(Thombre, 2004). The mouth of cats is also smaller than that of dogs, and consequently, solid 
pharmaceuticals intended for feline use should be small in size. In addition, the eating habits 
of cats and dogs are different. Cats ‘nibble’ and eat smaller amounts of food over a longer 
period of time, whereas dogs traditionally eat larger amounts at once, bolting down their food 
(Thombre, 2004). Overall, when developing medicines for felines, it should be clearly 
understood that they are a completely different animal species compared to canines. Cats and 
dogs differ from each other in their taste preferences, eating and living habits, anatomy, 
physiology, and biopharmaceutical aspects. Moreover, it should be understood that the 
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variation between different breeds of the same species, animal age, the health status, and 
between individuals regarding animal living conditions and learned daily routines, for 
instance, can affect the medication of companion animals, particularly cats (Riviere, 1988; 
Boothe 1990a; Bradshaw et al., 2000; Stasiak, 2002; Thombre, 2004; Boothe 2012).  

 
2.3 Development of palatable medicines 

2.3.1 Taste, taste perception and palatability   

Taste perception is one of the very primitive senses, and its importance cannot be 
ignored. Animals and humans have needed the sense of taste as a survival mechanism. Since 
the very beginning of time, taste has provided us information on whether food is edible, 
giving us either the taste of poison or the taste of food. In other words, we have needed taste 
in order to identify edible food necessary for survival.  

Like most mammals, humans can distinguish five basic senses of taste: sweet, salty, 
sour, bitter and umami. Tastes can be either appealing or repulsive. Appealing tastes make us 
voluntarily return and even seek the experience of the same feeling and sense of taste over 
and over again. Repulsive tastes can prevent, or even completely stop us from ever going 
through the same trial we had experienced. The basis for the five basic senses of taste is well 
established, as receptors for each taste have been detected (Chandrashekar et al., 2006). 
However, there is continuous and ongoing debate over the sixth basic sense of taste, the taste 
of fat (Keast and Costanzo, 2015), kokumi (Ueda et al., 1999), and water (Cameron et al., 
2010). Cats, for example, have been described to have an ability to taste water (Bartoshuk et 
al., 1971). Recently, studies on the human ability to taste starch and longer-chained oligo- 
and polysaccharides have also been published (Lapis et al., 2016). Moreover, carnivores have 
been described as being sensitive to the odour of blood (Nilsson et al., 2014).   

The ability to sense different tastes varies from one species to another. Therefore, while 
cats are not able to sense sweet tastes, they are very sensitive to umami, which reflects their 
strong carnivorous dietary nature, and thus preference towards certain amino acids essential 
to felines (Kukko-Lukjanov, 2016). Feline sensitivity towards amino acids has been 
supported by studies on the feline facial nerve, this being particularly sensitive to amino acids, 
and particularly those described as ‘sweet’ in humans (Bradshaw et al., 1996), such as L-
proline (Burdoch, 2010) and L-methionine (Schiffman and Engelhard, 1976). On the contrary, 
the amino acid system of the feline facial nerve is inhibited by ‘bitter’ amino acids, such as L-
leucine (Schiffmann and Engelhard, 1976; Burdoch, 2010). The feline sensitivity to amino 
acids has been related to meat eating, giving cats the ability to distinguish meats of varying 
qualities, and thus deterring felines from feeding on carrion (Bradshaw et al., 1996). In 
contrast to meat-eating cats, herbivores are very sensitive to sweet tastes, as carbohydrates 
are their main dietary source.  

The sensing of taste begins in the oral cavity, in the onion-shaped taste buds of the 
tongue, when the different molecular structures of food react with the taste receptor cells 
(TRC) of the taste buds. The number of taste buds varies between species, from 10 000 buds 
in humans and 2 000 in canines to 500 in felines (Kukko-Lukjanov, 2016). TRCs are either 
specialized G protein-coupled transmembrane proteins or ion channel receptors, which exist 
in large numbers in the taste buds of the oral cavity. TRCs are located particularly on the 
surface of the tongue, on the palate and gums, but also in the lungs (Robinett et al., 2014), 
upper parts of the oesophagus, and even in the stomach, where the dissolved substances are 
carried with saliva through the taste pores of the taste buds. Different views on how 
substances are encoded by TRCs have been presented (Chandrashekar et al., 2006), and 
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following the current, highly supported approach, each TRC is tuned to respond to a single 
taste modality of sweet, bitter, sour, salty or umami. Moreover, the responsiveness of TRCs to 
the five basic tastes is present in all areas of the tongue (Hoon et al., 1999; Adler et al., 2000; 
Nelson et al., 2001; Nelson et al., 2002; Huang et al., 2006), such information being the 
opposite of the tongue ‘map’, in which basic tastes have been detected on certain areas of the 
tongue (Chandrashekar et al., 2006).  

Taste is a chemical sense. Before any sense of taste can take place, the substance has to 
dissolve in saliva and pass through the pores of the taste buds to reach the TRCs. The 
dissolved substance then reacts with the TRCs and the activation causes signals that are 
transferred to the brain, where taste perception occurs. The requirement for dissolution 
therefore indicates that in the case of a dry mouth, no sense of taste takes place. 

Sense of taste forms only one small part of taste perception as a whole. The basic tastes 
are merely tastes of the tongue, and the number of taste buds does not therefore in any way 
reflect the ability of a species to estimate the quality of food, whether it is edible or not. For 
this, the whole taste perception, consisting of senses other than mere taste, is required.  

Taste perception is affected by the senses of smell, sight, touch, and hearing, the 
temperature of the item eaten, and the sense of pain it may cause. For animals, much of what 
is responsible for survival has to do with the sense of smell, as through this sense, animals 
such as dogs can determine and decide whether the food offered to them is eatable (Kukko-
Lukjanov, 2016). In humans, taste perception is also affected by numerous other factors. 
These factors are dependent on our culture, living conditions and surroundings (on tastes we 
have learned, our present social company and the other tastes), on our physical and 
physiological status (age, genes, illnesses, emotional status or hunger), and on our personal, 
subjective preferences. Getting used to certain flavours has also been shown to apply in cats, 
as in their adulthood, cats have been shown to prefer food they were offered as kittens 
immediately after weaning (Hart, 1974).  

Palatability as a term binds all the phenomena making creatures to voluntarily return 
to have the same pleasant experience over and over again. Palatability is related to a 
combination of a pleasant and acceptable taste, odour, mouthfeel and temperature 
(Bradshaw et al., 1996; Hullár et al., 2001; Zaghini and Biagi, 2005). In the literature, the 
definitions of taste are sometimes misinterpreted: the definition of taste refers to taste on the 
tongue, whereas aroma refers to odour. The definition of flavour combines these two (taste 
and odour). In peroral medication, palatability is of primary importance and required for 
voluntary drug administration, not only for veterinary medication but also for treating 
human paediatric and elderly patients.  

 
2.3.2 Palatability in solid pharmaceuticals 

A palatable peroral pharmaceutical supports voluntary drug administration and intake, 
as well as patient compliance and commitment to treatment due to its pleasant taste and 
appealing shape, odour and mouthfeel (Ahmed and Kasraian, 2002; Kasraian and Thombre, 
2002). Acceptable palatability is important when treating particular veterinary groups such 
as companion animals, or special human groups such as small children and elderly people. 
However, due to the need for medication safety and concerns over accidental overdosing, the 
palatability of a drug should not be ‘over’ appealing. Therefore, education and effort have 
already been put into the packaging and storage of palatable veterinary pharmaceuticals, 
similarly to ‘child-proof’ human medicines. The issues related to palatability and adequate 
taste masking of pharmaceuticals are currently in focus and of interest to the pharmaceutical 
industry, and the primary goal is to overcome the offensive taste sensation in the mouth to 
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support the voluntary acceptance of the product (Kasraian and Thombre, 2002). In human 
medicine, hindering the unpleasant taste of pharmaceuticals is usually considered adequate 
for palatability improvement. In veterinary medication, however, additional approaches to 
and efforts in odour masking might also need to be considered (Ahmed and Kasraian, 2002).  

The development of palatable pharmaceuticals is exceptionally important with 
medicines intended for felines, since felines have an individual, extraordinarily selective and 
even picky nature completely different from that of dogs (Ahmed and Kasraian, 2002; 
Thombre, 2004). If the drug product is found repulsive in taste or size, or offensive in texture, 
vomiting, salivation or loss of appetite may occur in cats (Boothe, 1990b). Felines are also 
susceptible to aversion and to both neophilia and neophobia (Bradshaw et al., 1996). 
Domestic cats are often neophobic. Moreover, preferences of domestic cats usually differ 
from those of farm cats, these being particularly susceptible to neophilia (Bradshaw et al., 
2000). In the medication of such companion animals, the focus should therefore be on 
species-targeted palatability, and also on proper-sized tablet products with easy 
administration. 

Tablets represent one of the main dosage forms for delivering drugs in veterinary 
medicine (Ahmed and Kasraian, 2002). Peroral administration of tablets is a common and 
straightforward approach in veterinary medication at home, and is preferred by both the 
animal owner and the veterinarian (Ahmed and Kasraian, 2002; Horspool, 2013). The major 
advantage of minitablets in small animal medication is that they can be swallowed as a whole. 
Moreover, they are often related to good patient and drug administrator compliance. It is also 
well known that tablets have a good dosing accuracy, and they can be easily dosed and 
administered. From the perspective of the pharmaceutical industry, minitablets can be cost-
effectively produced, stored and transported, and they have good product stability and 
uniform quality. Improvements in the area of palatable dosage forms for peroral use can 
benefit not only veterinary patients but also special human target groups (Ahmed and 
Kasraian, 2002). Even though there have been some veterinary innovations related to 
palatable drug products, the major limitations associated with these products currently 
include high production costs, complicated manufacturing processes demanding expertise, 
flavours of natural origin, complicated product dosing, and the size of the final product. The 
best option would be to avoid these common ‘bottleneck’ issues related to the design of 
palatable veterinary dosage forms.  

 
2.3.3 Methods to improve the palatability of peroral solids 

So far, the simplest way to improve the palatability of peroral feline solids has been to 
enclose the product inside an attractive food kibble or other delicacy, such as animal fat. 
Commercial products (‘treats’ such as Easypill®) have also been utilized. However, enclosing 
the medicine in animal food may be unsuccessful or even unsuitable, as many sick animals, 
particularly cats, suffer from a loss of appetite and may therefore not completely consume the 
offered dose (Boothe, 1990a; Heath, 2004). The offered food may also disturb the 
bioavailability of the essential pharmaceutical, or if in dry form, the kibble may stick onto the 
mucous walls of the oesophagus and cause salivation, vomiting, and even ulcers (Boothe, 
1990b). Attractive food does not always hinder the unpleasant taste perception of the drug, 
leading to cats spitting the drug out or vomiting (Thombre, 2004). 
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2.3.3.1 Flavours 
 
In the development of veterinary peroral solid dosage forms, the addition of flavours or 

sweeteners is one of the most common and cost-effective ways to improve the palatability of 
pharmaceuticals (Eichelburg, 1978; von Bittera et al., 1981; Lange et al., 1992; Jans and Gills, 
1998; Kasraian and Thombre, 2002). Flavours can easily be combined with other palatability 
improving techniques, and they can thus also be used as flavour coatings (Bernachon et al., 
2014). Flavouring agents can additionally add an appealing nature to the pharmaceutical. 
According to Kasraian and Thombre (2002), flavouring agents are incorporated in 
pharmaceutical dosage forms in concentrations ranging from 0.025% to as high as 99%. The 
most suitable concentrations range from 0.075% to 50% in weight. In canine and feline 
medication, the palatability of peroral pharmaceuticals has been improved by following the 
natural dietary preference of the animals for meat products (Thombre, 2004). The drug 
embodiment has been combined with flavouring agents rich in vitamin B and protein, such as 
yeast and its extracts (yeast hydrolysates) (Eichelburg, 1978). Large amounts of brewer’s 
yeast with a possible combination of commercial meat flavours used in pet feed have also 
been utilised (Jans and Gills, 1998). Liver meal as a formulation supplement (von Bittera et 
al., 1981), yeast, artificial egg, beef, poultry or fish flavour, dairy-based palatability-improving 
agents, and natural herbs and spices, or their combinations, have also been used (Kasraian 
and Thombre, 2002). The use of flavours of natural origin, however, is problematic, although 
products containing meat-based flavours, such as the benchmarker product Heartguard®, 
have shown good palatability (Thombre, 2004). Flavours of natural origin may suffer from 
batch-to-batch variation as well as a lack of microbiological purity and problems related to 
their decreased palatability at the end of their shelf-life (Kasraian and Thombre, 2002; 
Thombre, 2004). The flavours may also show instability, particularly related to their 
degradation products, and challenges in their analysis (Thombre, 2004). Meat-based flavours 
are additionally problematic due to the possible BSE (bovine spongiform encelopathy) 
related risk, making these globally unacceptable without proper certification (Thombre, 
2004). Therefore, synthetic flavours are considered more suitable in the pharmaceutical 
industry and product development (Thombre, 2004). Using flavours of synthetic origin, it is 
possible to avoid the typical problems related to flavours of natural origin, such as the 
limitations in cost-effectiveness, stability, and regulatory demands. Furthermore, synthetic 
flavouring agents often come with global acceptance and approval for use in foodstuffs. 
Flavours having global acceptance for use in food products are preferred, since this status 
generally takes into account the cultural variation in flavour preferences. 

Although the addition of flavour appears to be a simple taste masking and palatability 
improving method, there are some challenges to overcome, especially in veterinary 
medication. Firstly, the vast majority of pharmaceutical active ingredients have a 
characteristic, strong and unpleasant taste, which is difficult to mask. Secondly, many 
flavours are applicable only for certain animal species (Ahmed and Kasraian, 2002; Thombre, 
2004), and the incorporation of one single flavour may not provide protection against the 
unpleasant taste perception, particularly in the case of very bitter drugs (Ahmed and 
Kasraian, 2002). Thirdly, in the case of an odour issue, the inclusion of flavour may not be 
adequate to improve the appealing nature of the drug, especially with felines (Ahmed and 
Kasraian, 2002). For felines, to improve the level of free acceptance, taste masking combined 
with effective odour masking is generally required. Fourthly, the formulation is also 
composed of excipients affecting taste and odour masking. Although excipients are 
considered as inactive ingredients, some of these components may have a known taste 
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characteristic, such as mannitol with a sweet and ‘cold’ taste. In addition, some excipients 
most likely come with odour properties that we as humans are still unaware of. This is 
because for cats, the addition of meat flavours or odours has been shown to affect the food 
choice in cats (Mugford, 1977; Bradshaw, 1986). Finally, flavours may have chemical and 
physical incompatibilities with the pharmaceutical active substance or other components of 
the formulation. 
 
2.3.3.2 Coating 

 
Along with the use of flavours, coating is the most patented taste masking method 

(Ayenew et al., 2009). It has also been defined as the best method for hiding the bad taste of 
tablet cores (Sohi et al., 2004; Ayenew et al., 2009), and depending on the coating material, 
also for the odour protection of tablet cores (Evonik, 2009). Both film and sugar coating 
technologies have been used in veterinary pharmaceuticals. Polymethacrylates and cellulose 
derivatives such as cellulose ethers are the most commonly applied taste masking polymers 
for the film coating of human pharmaceuticals (Nagai et al., 1997; Ayenew et al., 2009; 
Evonik, 2009). In feline pharmaceuticals, cellulose derivatives might not be suitable as taste 
masking coatings, since the swelling of the cellulose structure may cause salivation and 
vomiting in cats (Boothe, 1990b). Due to feline insensitivity towards sweet tastes (Boudreau, 
1989), the use of sugar coating can also be questioned for palatability improvement. Some 
synthetic polymethacrylate copolymers (e.g., Eudragit® E) have also been found to be 
applicable for both taste and odour masking (Evonik, 2009).  

At present, the established coating techniques are still the mainstay in the 
pharmaceutical industry and they have not been replaced by any other coating method(s) 
that offer improvements in terms of economics and production capacity (Banker, 1966). 
However, new effective and inexpensive coating techniques are continuously and actively 
being sought. This is because the conventional polymer film coating techniques are laborious, 
expensive, only applicable for certain types of cores, and require high technical expertise and 
knowledge. For adequate taste masking, relatively thick film coatings and large amounts of 
coating polymer also need to be applied onto the tablet cores. 

With conventional film coating methods and using synthetic film forming polymers, it 
is possible to formulate physical film barriers for applicable taste and even odour masking 
(Evonik, 2009). Currently, little information is available on the use of film coating for 
formulating palatable veterinary pharmaceuticals, and there is a relative lack of true 
innovations in coating formulations for adequate taste masking and for increasing the free 
choice acceptability of coated products. Novel insights in this area would therefore be 
appreciated.    

 
2.3.3.3 Worth consideration when taste masking 

 
In the development of veterinary formulations, the principal idea is to obtain a 

pharmaceutical product with high quality, safety, efficacy, and the desired properties within a 
reasonable time frame and without additional costs and demands. Keeping in mind the 
specific requirements related to taste masking, it would be important that the pharmaceutical 
development phase is dynamic but kept as simple as possible to successfully achieve the 
ultimate goal. A relatively small number of feasible and cost-effective types of manufacturing 
equipment and process phases, as well as key excipients combined with acceptable 
manufacturing costs are desired. Excipients should possess a desired safety profile and 
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preferably a global regulatory level of acceptance. They should be permitted for use and 
obtained without difficulties or additional costs and demands. One of the most important 
aspects is the proper selection of the taste masking method, and this method should not 
impair the desired bioavailability profile of the active pharmaceutical ingredient. Therefore, 
the stability and compatibility of the flavour with the drug substance and other excipients in 
the formulation need to be thoroughly evaluated (Ahmed and Kasraian, 2002).   

 
2.3.4 Palatability testing 

In pharmaceutical development, palatability testing is an important step to ensure that 
the demands of product acceptability and voluntary, free choice drug administration are 
reached. In the food industry, the palatability of animal feed has often been investigated with 
‘in-house’ methods. The perceptions of animals have been studied by assessing their 
behaviour, and for example with cats, specific behaviour models as indicators of perception 
in connection with food have been evaluated (Bradshaw and Cook, 1996; Van den Bos et al., 
2000). More recently, palatability assessments and ease of administration studies (Litster et 
al., 2007; Gunew et al., 2008, Giraudel et al., 2010), or studies on compliance with 
formulations (Traas et al., 2010; Khor et al., 2012) have been performed by either the animal 
owners or by recording whether the cat eats the drug in the food. A clear correlation between 
palatability and post-eating behavioural indicators is also associated with a pleasant taste: 
licking and/or sniffing the feeding bowl, licking the lips and grooming the face (Van den Bos 
et al., 2000). An aversive behavioural indicator involves licking and/or sniffing the food and 
licking the nose (Van den Bos et al., 2000). Post-eating behaviour in general includes walking 
away with the tail down, licking the lips, grooming and occasionally shaking the head 
(Bradshaw and Cook, 1996).  

The established methods used in the food industry have been adopted by the veterinary 
pharmaceutical industry with some modifications (Thombre, 2004). Consequently, the 
palatability of veterinary pharmaceuticals has been evaluated either for product acceptance 
or for preference (Kasraian and Thombre, 2002; Thombre, 2004). 

When testing product acceptance, the product is offered to the animal, which either 
refuses or voluntarily accepts is (Kasraian and Thombre, 2002). For example, depending on 
the time required for voluntary acceptance, products can be classified into groups of ‘most 
preferred’ (acceptance in less than 2 minutes), ‘more preferred’ (acceptance in less than 5 
minutes) or  ‘preferred’ (acceptance in less than 10 minutes) (Kasraian and Thombre, 2002). 
The main advantage when testing product acceptance is that it provides immediate 
information on the animal’s reaction towards to the offered product (Thombre, 2004). On the 
other hand, the result can be easily skewed, since the animal’s physiological state (hunger, 
illness) may provide a false positive or negative result on acceptance (Kasraian and Thombre, 
2002). Moreover, if numerous products are tested at the same time, product acceptance may 
depend on the time between the samples: the longer the time, the more likely it is that the 
product will be accepted. In addition, the palatability test is often performed using animals 
that have been borne and are living under the dietary and daily life routine of the laboratory. 
It is evident that product acceptance by family pets may significantly differ from that of 
laboratory test animals (Griffin et al., 1984), as in contrast to mostly neophobic domestic pet 
cats (Bradshaw et al., 2000), cats raised in standardized laboratory conditions may prefer 
foods they were presented in their early life (Hart, 1974) or show transient neophilia towards 
foods considered temporarily rare (Mugford, 1977). 

A preference test evaluates the preference of an animal in a test situation, where two 
products are offered to the animal at the same time, and is thus based on the decision of the 



 Literature overview  

 

 17  
 

animal on which of the two products it chooses over the other (Thombre, 2004). The 
interpretation of preference test results can be difficult and is susceptible to subjectivity, or 
the lack of animal owner–pet interaction that is usually present in normal medication 
situations. 

The European Medicines Agency (EMA) has published guidelines on the palatability 
testing of veterinary pharmaceutical products (EMA/CVMP/EWP/206024/2011). For all 
those peroral pharmaceuticals, for which palatability has been claimed, the guidelines offer 
guidance on the design, conducting and evaluation of palatability studies. According to the 
guidelines, a product cannot be considered palatable if it is only consumed when mixed with 
food or by forced intake. The guidelines also state that palatability has to be demonstrated in 
appropriate in vivo studies and cannot be claimed solely based on the product consumption 
and formulation. Moreover, they point out that palatability in one species should not be 
extrapolated to another species. Most importantly, the present guidelines clearly demand 
palatability to be tested in animals that are representative of the target population for the 
product, and therefore admit that product acceptance differs between animals kept under 
controlled and field conditions, or due to animal illness, loss of appetite or an altered 
perception of taste. According to the guidelines, the claimed palatability needs to be 
preferably evaluated in the target population under field conditions. However, for products 
covered by the palatability claim, the overall voluntary acceptance rate should reach at least 
the threshold of 80% in dogs and 70% in all other species. The threshold is applicable for a 
group comprising a minimum of 50 animals if the product is administered only once. In the 
case of two administrations, the threshold must be reached in a group of at least 25 animals. 
Palatability can be evaluated as a part of clinical studies with similar testing conditions, and 
the results can be pooled to accumulate the required number of animals in the studies. 
Despite the good intentions of the guidelines, the demanded threshold percentage, even for 
dogs, is relatively high. According to Ahmed and Kasraian (2002), a simple flavour addition 
would suffice to achieve >80% free choice acceptance in case of a ‘bland’ or ‘moderately bitter’ 
drug targeted at dogs. Regarding the odour issue, flavour addition would not be adequate to 
reach the threshold. In the case of cats, reaching the adequate threshold even for ‘bland’ or 
‘moderately bitter’ drugs is difficult (Ahmed and Kasraian, 2002). If the taste issue was 
combined with a repulsive odour, the results would be even worse. Typically, the level for free 
choice acceptability in cats associated with conventionally flavoured tablets is less than 50% 
(Ahmed and Kasraian, 2002). 

 
2.4 Palatable pharmaceuticals: Worth their weight in gold 

In summary, product palatability is a necessity for treatment commitment and success. 
In human medication, particularly when treating chronic illnesses, only half of patients 
commit to medicating themselves following their prescription (Västilä, 2016). Peroral drugs 
with a bitter or unpleasant taste form the biggest hurdle in patient acceptability and 
compliance (Sohi et al., 2004), thus also affecting the commitment to medication. This is 
especially valid for special groups, such as veterinary patients, small children and the elderly. 
Formulation and drug delivery technologies improve patient compliance (Ahmed and 
Kasraian, 2002), and this regards both human and veterinary medication. Drug delivery for 
special patient groups needs to be convenient. Target-tailored products with optimized 
customer needs ensure commercial performance, a high level of efficacy, increased stability, a 
long duration of action and the enablement of quick and easy treatment (Ahmed and 
Kasraian, 2002). Palatability is an important factor for all patient groups, and particularly for 
veterinary patients and their owners. A drug product providing enhanced pet owner and 



 Literature overview  

 

 18  
 

patient compliance, product voluntary acceptability, administration convenience, and once-
a-day or less frequent dosing would be the drug product of choice for veterinary medication 
applications.  

Putting the focus on palatability issues in small animal medicine is important and could 
offer significant competitive advantage, as the companion animal industry is a relatively new 
and evolving market offering lucrative possibilities. In comparison to livestock, higher 
profitability, less price sensitivity and a higher growth rate are expected with companion 
animals (Ahmed and Kasraian, 2002). In addition, the segment is not cyclical, and with 
human health, the field of companion animals is offered by many opportunities for research 
synergies and spin-offs. Compared to livestock, these opportunities usually also come with 
less regulatory pressure. 

Product palatability ensures customer satisfaction, as companion animal healthcare 
customers are seeking products with increased pet bonding, ease of dosing and 
uncomplicated use. To develop such products, the target animal, its behaviour, anatomy and 
physiology, as well as its dietary preferences and eating habits, have to be understood. For 
example, with cats, palatable medicines can improve the convenience and administration of 
drug treatment, and consequently strengthen the voluntary acceptance of the product. If 
successful, the present palatable peroral pharmaceuticals will also add value to the 
corresponding medication for other companion animals, and even for human medication.  
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3 Aims of the study 
The main aim of this thesis research was to investigate and gain understanding of the 

factors affecting feline peroral therapy. The primary formulation goal was to improve the 
palatability of tablets used for feline medication purposes. Therefore, the study focused on 
the following three issues related to palatability: (1) the size of the peroral solid dosage form, 
(2) species-targeted flavours, and (3) a novel thin-film coating technique for peroral 
minitablets.  

 
The specific objectives of this thesis were: 
 

§ To evaluate the acceptability of minitablets using a new feline behavioural test setting 
(I); 

 
§ To investigate feline-specific flavours of non-natural origin for minitablet 

formulations (II); 
 

§ To develop new flavoured polymer film coating formulations for feline medication 
purposes and minitablet coating (III); 

 
§ To study the feasibility of a thin-film coating technique based on atomic layer 

deposition for the taste masking of minitablets (IV). 
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4 Experimental 

4.1 Materials (I–IV) 

4.1.1 Minitablet core excipients (I, II and IV) 

All minitablet core ingredients utilized for the study of feline palatability (I), minitablet 
preformulation (II) and minitablet coating (IV), together with their function in minitablets 
and the referred thesis publication, are presented in Table 1 below. The excipients of 
microcrystalline cellulose, hydroxypropyl cellulose, mannitol, and sodium stearyl fumarate 
were utilized for the preparation of placebo minitablets for feline palatability testing (I). 
These excipients, as well as calcium hydrogen phosphate dihydrate, lactose monohydrate, 
povidone, croscarmellose sodium, crospovidone and talc, together with a selected group of 
flavours described in the section “4.1.2 Flavours”, were utilized for the minitablet 
preformulation study (II). Minitablet polymer and atomic layer deposition (ALD) TiO2 
coatings were performed on minitablet cores comprised of microcrystalline cellulose, calcium 
hydrogen phosphate dihydrate, hydroxypropyl cellulose, crospovidone and sodium stearyl 
fumarate (IV). 
 
Table 1. Used excipients. 

 
Excipient Manufacturer Function Thesis  

publication 
Microcrystalline 
cellulose 
(Avicel® PH 101) 

FMC Corporation, 
Ireland 

Filler II 
 

Microcrystalline 
cellulose 
(Avicel® PH 102) 

FMC Corporation, 
Ireland 

Filler I 
IV 

Calcium hydrogen 
phosphate dihydrate 
(Emcompress®) 

Albright & Wilson, 
Australia 

Filler II 
 
IV 

Lactose monohydrate 
(Pharmatose® 200M) 

DMV International, 
Netherlands 

Filler II 

Mannitol 
(Pearlitol® 160C) 

Roquette,  
France 

Filler I 
II 

Hydroxypropyl 
cellulose  
(Klucel® JXF) 

Aqualon France SA, 
France 

Binder I 
II 
IV 

Povidone 
(Kollidon® K30) 

BASF Corporation, 
Germany 

Binder II 

Croscarmellose 
sodium 
(Ac-Di-Sol®) 

FMC Biopolymer, 
Belgium 

Disintegrant II 

Crospovidone 
(Kollidon® CL-F) 

BASF Corporation, 
Germany 

Disintegrant II 
IV 

Sodium  
stearyl fumarate  
(Pruv®) 

JRS Pharma,  
Spain 

Lubricant I 
II 
IV 

Talc Imerys Talc S.p.A., 
Italy 

Lubricant II 
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4.1.2 Flavours (II, III and IV) 

A bitter-tasting model substance, meat precursors of different amino acids, vitamin B1 
and a selection of meat flavours used in the research are introduced in Table 2 below. Amino 
acids were chosen as they are common constituents of meats and have been shown to 
stimulate the cat tongue (Boudreau, 1977; Bradshaw, 1991) and cause behavioural preference 
or avoidance (White and Boudreau, 1975; Bradshaw et al., 1996). Vitamin B1 present in high 
levels in yeast, is considered palatable by felines, and was consequently included in the 
research (Thombre, 2004). Cats have also been shown to have a high overall requirement for 
thiamine (Bradshaw et al., 2000). Synthetic meat flavours commonly used in food products 
were additionally introduced.  

  
Table 2. Used flavouring substances. 
 
Flavour Chemical 

Structure 
Manufacturer Function Thesis  

Publication 
Denatonium 
benzoate 

 

Sigma-Aldrich, 
China 

Model substance 
for bitter taste 

II 
IV 

 
L-methionine 

 

 
Sigma-Aldrich, 
Japan 

 
Meat precursor 

 
II 
III 

 
L-leucine 

 

 
Sigma-Aldrich, 
Japan 

 
Meat precursor 

 
II 
III 

 
L-proline 

 

 
Sigma-Aldrich, 
USA 

 
Meat precursor 

 
II 

 
Thiamine 
hydrochloride 

 

 
Hawkins Inc., 
USA 

 
Major component 
of yeast 

 
II 
III 

 
2-acetylpyridine 

 

 
Sigma-Aldrich, 
China 

 
Meat flavour 

 
III 

 
2-acetylthiazole 

 

 
Sigma-Aldrich, 
China 

 
Meat flavour 

 
III 

 
4-hydroxy-5-
methyl-3(2H)-
furanone  

 
Sigma-Aldrich, 
USA 

 
Meat flavour 

 
III 

 
4.1.3 Ingredients of film coating formulations (III and IV) 

The polymer film coating formulations (III and IV) were comprised of the aqueous 
dispersion of a synthetic copolymer based on butyl methacrylate, (2-dimethylaminoethyl) 
methacrylate and methyl methacrylate (1:2:1) (Eudragit® E PO, Evonik Industries AG, 
Germany) as a taste-masking film coating polymer. Both the placebo (III and IV) as well as 
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the flavoured (III) film-forming coating formulation also contained Lutrol® F127 (poloxamer 
407) from BASF (Germany) and dibutyl sebacate from Fluka Chemie AG (Germany) as the 
dispersing and plasticizing agents, and magnesium stearate (donated by Orion Pharma 
(Finland) as the antitacking agent. Flavoured (III) film-forming coating formulations 
contained flavours described above in the section “4.1.2 Flavours”.  

TiO2 thin-film coating of minitablets (IV) by atomic layer deposition using the titanium 
tetrachloride – water –chemistry was performed with TiCl4  (Sigma-Aldrich, USA) and 
deionized water. 

 
4.1.4 Materials for coated tablet analyses (IV) 

Distilled water was used as a test medium for tablet disintegration in vitro. The in vitro 
dissolution tests were performed using sodium phosphate buffer (SPB) pH 7.6 as a testing 
medium. The SPB was prepared as described in the US Pharmacopoeia, and composed of 
sodium hydroxide (VWR International S.A.S., France), KH2PO4 (Riedel-de-Haën, Germany) 
and distilled water. The uniformity of content test (denatonium benzoate) was also 
performed on the minitablets with SPB (pH 7.6).  

Acetonitrile (ACN) (Sigma-Aldrich, Germany) and aqueous 10 mM ammonium acetate 
pH 4.5 (Sigma-Aldrich, Germany) were used as eluents for high performance liquid 
chromatography (HPLC) analyses conducted for the dissolution and uniformity of content 
tests. 

 
4.2 Methods (I–IV) 

4.2.1 Minitablets (I, IV) 

All the minitablets of the thesis were round, with a biconvex shape and a diameter of    
3 mm. All the minitablets had a target weight of 25 mg.  

For the evaluation on feline behaviour as an indicator of palatability (I), placebo 
minitablets were prepared by direct compressing the mixture of excipients with a Korsch     
EK-0 single punch press tableting machine (Korsch Pressen GmbH, Germany). The 
compression pressures were chosen merely on the basis of forming tablets that would hold 
their structure. Prior to compression, the excipients were mixed for 5 minutes with a Turbula 
mixer (Willy A. Bachofen AG, Germany), and the masses intended for compression were then 
allowed to equilibrate at RT (room temperature)/60% RH (relative humidity) for at least 12 
hours before tableting.  

Further studies on minitablets were to be performed in an attempt to mask their bitter 
taste. Thus, for studies on polymer coating and thin ALD TiO2 coating (IV), the minitablets 
were prepared by granulating the 400 g mixture of excipients (microcrystalline cellulose 63% 
m/m, calcium hydrogen phosphate dihydrate 30% m/m, hydroxypropyl cellulose 3% m/m 
and crospovidone 4% m/m) and a bitter-tasting model substance, denatonium benzoate 
(0.04% m/m), in a Diosna high shear granulator (Dierks&Söhne GmbH, Germany) using 
distilled water as the granulating liquid. The mixing speeds of the impeller and the chopper 
were 600 rpm and 1500 rpm, respectively. The water spraying rate was 140 g/min. Prior to 
water addition, the excipients were dry-mixed for two minutes. Then, the aqueous solution of 
denatonium benzoate was pipetted onto the surface of the mixed, dry powder bed and 
distilled water was subsequently sprayed while continuously mixing the powder blend. When 
the total amount of water (0.45 g/g) had been added, granulation was stopped without any 
kneading phase. The amount of water to be used was determined based on preliminary 
granulation experiments. After granulation, the wet granules were sieved in a Quadro Comil 



 Experimental  

 

 23  
 

(Quadro Engineering, Canada) and tray-dried at 40 °C for 2 hours, and subsequently at room 
temperature overnight. Prior to tablet compression, the dried masses were sieved (Quadro 
Comil) and the lubricant sodium stearyl fumarate (1% m/m) was added and mixed with the 
granules in a Turbula mixer for 5 minutes. The masses intended for minitablet compression 
were allowed to equilibrate at RT/60% RH for at least 12 hours before tableting at          
RT/50% RH with a Ronchi rotation tableting machine (Ronchi Officine Meccaniche F.lli 
Ronchi s.r.l., Italy). Single tip punches were used to receive minitablets with a predetermined 
tablet target weight and denatonium benzoate strength of 10 μg. Tablets were produced in 
three separate batches. The average upper and lower punch compression forces (and relative 
standard deviations, RSD) for batches I–III were as follows: Batch I 1.8 kN (10.3%) / 0.7 kN 
(27.1%); Batch II 2.0 kN (11.9%) / 1.8 kN (13.8%); and Batch III 1.7 kN (10.6%) / 1.5 kN 
(11.6%).    

 
4.2.2 Feline behavioural indicators of palatability (I) 

Palatability tests were performed following the statement of ethical approval, based on 
a pre-evaluation of the study, received on 18th November 2010 from the Research Ethics 
Committee of the Viikki Campus of the University of Helsinki (minutes of meeting 6C/2010). 
During the study, the cats were not harmed or forced in any way. 

Design of experiments Palatability tests were carried out on privately owned pet 
cats in their homes. The owners were recruited from among the students and personnel of 
the Faculty of Veterinary Medicine at the University of Helsinki and their friends. No 
restrictions were set on the age or breeds of the cats, or on the number of cats in the 
household. Exclusion criteria were severe gingivitis and a clinical illness, since these can 
affect appetite and/or taste perception. The health status of each cat was checked by a brief 
physical examination, carried out by a veterinarian before the experiment. Of the 46 cats 
enrolled, two were excluded because of severe gingivitis and 10 were excluded after 
enrolment due to owners incorrectly following the instructions on camera placement or 
handling of the cat. A total of 34 cats belonging to 17 owners were included.  

All cats were subjected to all treatments in a pseudo-randomised crossover study. Three 
types of edible items were used: favoured food (FF), non-favoured food (NFF) and a placebo 
minitablet inserted in the middle of the favoured food (TFF). For each cat, the FF and NFF 
were selected by the owner according to the cat’s individual preferences. FF was defined as 
food preferred by the cat and with a consistency allowing a tablet to be hidden in it. NFF was 
defined as something edible that the cat was unlikely to eat, such as a vegetable, but not 
irritating to the mouth, respiratory system or eyes. In each trial, the quantity of food was 
approximately 1 cm3 and served at the temperature at which the cats were accustomed to 
receiving their food. For cats, minitablets were of a novel formulation, and none of the cats 
had prior experience of them. 

The experiment was carried out on two consecutive days for each cat (except for cats 
number 29 and 30, which were only tested on one day). Each day included three blocks of 
trials, with a 5–60 minute break between blocks. Each block consisted of three trials, carried 
out immediately one after another. In each trial, the cat was presented with one of the three 
types of edible systems (FF, NFF or TFF), with one of each in every block. The order of items 
was pseudo-randomised and balanced between blocks. Instructions on the order were given 
to the owner in writing. For an example of a sequence of tests on one day for one cat, see 
Figure 1.  
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Figure 1. The test protocol for each day consisted of three blocks of three trials. In each trial, 
the cat was presented with either favoured food (FF), FF with a hidden placebo minitablet 
(TFF), or non-FF (NFF). The items were presented in a pseudo-randomised order. Each cat 
was subjected to two consecutive days of testing, totalling 18 trials per cat. The figure shows 
an example of one trial for one cat. In the overall design of the study, the order of the food 
was balanced across cats and within individual cats. The latter was also to prevent the cat 
from learning what to expect next in the sequence.  Reprinted with the permission of Vet. J.    

 
All trials were carried out in the homes of the cats. To prevent behavioural effects 

resulting from the presence of strangers, only owners were present in the trials. The number 
of family members present was not limited, but the trials were always carried out by the same 
family member.  

Behaviour was recorded for analysis with an HDC-SD600 video camera (Panasonic) 
and with the software HD Writer AE 2.1 (Panasonic). The video camera was delivered and the 
owners were instructed by the first author of thesis publication I on the day before the first 
trial. The trials were carried out on a table or on a similar elevated surface familiar to the cat. 
A standard location for the edible item was marked with adhesive tape on the table. The 
camera was mounted at a distance of 70 cm from the tape mark, either on a low tripod on the 
table or on a high tripod near the table (Figure 2). Illumination was provided with a Lersta 
standard lamp (IKEA) and a 53-W incandescent bulb (IKEA). 
 

 
 
Figure 2. Layout of the trial. Each edible item was presented in a separate paper bowl. The 
video camera, mounted on a low tripod, and the light source are on the left in the photograph. 
Reprinted with the permission of Vet. J.  
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Each item was presented in a separate disposable paper bowl. The edges of the bowl 
were high enough to blind observers to the type of item. Adhesive tape was attached to the 
bottom of the bowl to fasten it onto a standard location on the table. Before the experiment, 
the cats were habituated to the table, paper bowl and camera by feeding them with FF in 
paper bowls on the table. Owners were instructed to not feed the cat overnight (for cats 
normally fed in the morning) or for 6 h before the trials (for cats fed at other times of the day). 
Water was provided ad libitum. To reduce residual odours from the previous item, owners 
were instructed to wash their hands between each trial and, if the cat dropped food on the 
table, to wipe that part of the table with a wet cloth before the next trial. Owners were 
instructed to ensure that no other animals were in the room during the trial. It was 
emphasized to each owner that the cat must not to be forced to participate and was free to 
move about the table.  

In each trial, the video recording was started, the bowl with the item was attached onto 
the table and the cat was called or lifted onto the table near the bowl. After the cat had either 
eaten the item or left the table after sniffing the item without eating it, the camera was turned 
off and the trial was completed. If the cat left the table without sniffing the item, the cat was 
lifted back onto the table and coaxed to sniff the item by pointing with a hand. If the cat again 
left the table without sniffing the item, the trial was registered as completed with no sniffing. 

Data collection Data were collected from the video recordings by two trained 
observers (the first and the second author of thesis publication I) independently registering 
the occurrences of 16 behaviours. The behaviours were selected during the pilot phase of the 
study, and the ethogram is presented in Table 3. It was hypothesised that the frequency of 
10 selected behaviours would correlate negatively with palatability and that the frequency of 
six other selected behaviours would correlate positively with palatability. 

The video recordings were analysed in a random order. The registering of behaviour 
commenced when the cat first sniffed the plate and finished at the end of the video recording. 
The collected data represented the occurrence of the 16 behaviours, recorded as yes/no for 
each trial. In addition, the following parameters were registered in each trial: (1) whether, at 
the beginning of the trial, the cat struggled vigorously in the arms of the owner and/or tried 
to leave the table immediately (‘refuse at the beginning’); (2) whether the cat did not sniff the 
bowl at all (‘no approach’); and (3) whether the recording was stopped by the owner before 
the cat had left the testing table.  

For analysis of video recordings, the first author of thesis publication I used VLC Media 
Player software (VideoLAN) with a normal playback speed as the default. Slow-motion 
playback, usually half the normal speed, was used when necessary. The second author of 
thesis publication I used Windows Media Player software (Microsoft) with a normal playback 
speed. These playback speeds were established during the pilot phase as the optimal speeds 
for each observer. During the pilot study, it was verified that the observers consistently 
produced near-identical data when independently examining video recordings with their 
respective optimal playback speeds.  
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Table 3. Ethogram of the behavioural patterns used in the study. The 10 patterns listed first 
(from ‘flick ears backwards’ to ‘lick nose after eating’) were predicted to correlate negatively 
with the palatability of the edible item, and the other six patterns (from ‘eat’ to ‘groom body’) 
were predicted to correlate positively with it. Reprinted with the permission of Vet. J.  
 
Behavioural pattern Description 
Flick ears backwards Cat flicks ears backwards (along the top of the head, 

not lowering the ears towards the sides) while sniffing 
the food or the bowl, or immediately after sniffing the 
bowl. Ear movements during eating are not included 
in this category 

Lick nose, not eaten Cat flicks its tongue quickly over its nose (with no 
horizontal tongue movement) when it has not eaten 
any of the food 

Flick tail Cat flicks its whole tail rapidly sideways. Tail flicks 
before sniffing the bowl for the first time at the 
beginning of the trial are not included in this category 

Twitch back skin Cat twitches the skin on its back 
Shake paw Cat shakes its front paw 
Scratch ear Cat scratches its ear 
Drop item Cat drops the piece of food, or the tablet it has 

extracted from the piece of food, out of its mouth 
Smack Cat smacks its tongue. Quick movements of the 

mouth, with the mouth partially open 
Shake head Cat shakes its head with a quick shudder-like 

movement after eating 
Lick nose after eating Cat flicks its tongue quickly over its nose (with no 

horizontal tongue movement) after it has eaten 
Eat Cat eats food 
Lick bowl Cat licks the bottom or sides of the bowl 
Sniff bowl again Cat sniffs at the bowl. The first sniffing of the bowl at 

the beginning of the trial is not included in this 
category 

Sniff table Cat sniffs at the table 
Lick lip Cat licks both sides of the mouth slowly, with the 

mouth at least partly open, extending the tongue far 
out of the mouth 

Groom body Cat grooms any part of its body except the face or a 
front paw. Grooming that starts by lifting a front paw 
is not included in this category 

 
4.2.3 Preformulation study for minitablet formulation intended for feline use (II) 

Attempts to improve minitablet palatability for feline use were further conducted with a 
preformulation study on different synthetic flavours suggested as minitablet components. 
The preformulation studies on commonly used tableting excipients and candidates for 
flavouring ingredients improving minitablet palatability, as well as for producing a bitter 
taste, were conducted to determine the flavouring substance particle size and morphology, 
density and flow properties, as well as physical stability, and flavouring substance 
compatibility with tableting excipients. 
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4.2.3.1 Particle size  
 
Studies on the particle-size distribution of flavouring substances were performed using 

laser diffractometry (Malvern 2600C, Malvern, England). Evaluation of the size of the dry 
powder particles was performed in liquid media, where a small amount of dry powder was 
loaded into a stirred sample cell containing cooled ether. A focal length of 100 nm and a 
beam length of 14.3 nm were used to determine the intensity of laser light and calculate the 
volume diameters d10, d50, and d90 of the particle-size distribution. The experiments were 
performed in triplicate.  

 
4.2.3.2 Scanning electron microscopy 

 
The particle morphology (particle shape and surface) of each flavouring substance was 

examined using a scanning electron microscope (SEM) (Zeiss DSM 962, Karl Zeiss, 
Germany). Dry platinum-coated samples were scanned using a voltage of 5–10 kV.   

 
4.2.3.3 Density and flow properties  

 
The bulk and tapped density, ρbulk and  ρtap, respectively, for the palatability improving 

substances were determined using the method described in Ph. Eur. (2.9.34) and a tapped 
density tester (Erweka SVM, Apparatebau, Germany). Quantities smaller than those 
described in Ph. Eur. were applied. Densities were determined as a mean of three 
measurements. The flow properties of the palatability improving flavouring substances were 
assessed using Carr’s index (CI) (Carr, 1965) and the Hausner ratio (HR) (Hausner, 1967). 
The CI and the HR were determined from bulk and tap densities using Equations 1 and 2: 

 

CI = (!!"#!!!"#$)
!!"#

!100                  (Eq. 1) 

 
HR = !!"#

!!"#$
                  (Eq. 2) 

 
4.2.3.4 Accelerated stability and compatibility studies  

 
The physical stability of the flavouring substances and chosen excipients was 

investigated, in addition to their compatibility. Samples contained either individual 
substances or their binary 1:1 m/m physical mixtures. The samples were prepared by gently 
grinding and mixing the materials manually using a mortar and pestle, and then placing 0.5 g 
of each sample in a glass sample jar. The samples were then used for stability and 
compatibility studies before placing them in open bottles in a sealed desiccator at 75% RH. 
The desiccator was placed in an oven at 40 °C for 3–4 weeks. Evaluation of possible changes 
in stability and compatibility was performed visually, using X-ray powder diffractometry 
(XRPD) and differential scanning calorimetry (DSC). To obtain the baseline behaviour of the 
materials, the colour and consistency, as well as the thermal and crystal structural behaviour 
were assessed immediately after sample preparation at time zero (samples hereafter 
described as 0W). The results were compared with the visual and X-ray data from the same 
samples stored for 3–4 weeks under conditions of high temperature and humidity at 
40 °C/75% RH (samples hereafter described as 3W or 4W, respectively).  
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X-ray powder diffractometry XRP diffraction patterns of scattered intensities were 
measured using the scintillation counter of a theta-theta X-ray powder diffractometer (D8 
Advance, Bruker AXS GmbH, Germany). Measurements were performed in a symmetrical 
reflection mode with Cu Kα radiation (λ = 1.54 Å) at 40 mA and 40 kV using a Göbel mirror. 
The measured angular range was 5–40° (2θ) with steps of 0.05°. The measurement time per 
step was 1 second. The experiments were performed at room temperature. When applicable, 
the measured XRPD patterns were compared with theoretical patterns generated from data 
obtained from the Cambridge Crystallographic Data Centre (CCDC) in the United Kingdom.  

Differential scanning calorimetry Powdered samples of 3 to 4 mg were weighed 
and encapsulated in 40-μl aluminium pans, which were closed with a lid having two pinholes. 
The samples were heated in an atmosphere of nitrogen gas at a flow rate of 50 ml/min, and 
thermograms were obtained using a Mettler DSC823e differential scanning calorimeter 
(Mettler-Toledo AG, Switzerland). Measurements for the thermograms were first carried out 
by preheating the samples at 25 °C for 3 minutes and then continuing at a constant heating 
rate of 10 °C per minute. The measurement end-point temperatures ranged from 250 °C to 
300 °C.  

 
4.2.4 Study on flavoured free films (III) 

In order to enhance the palatability of very bitter tasting peroral minitablets, an 
evaluation of free polymer films intended for minitablet pharmaceutical coating and taste 
masking was performed. However, as a contrast to the commonly used taste-masking 
polymer film formulations, flavoured polymer film formulations were prepared and their 
characteristics were compared with the placebo, non-flavoured polymer film formulations 
more traditionally used in taste masking.  

Study design Aqueous-based polymer dispersions were prepared by adding flavour at 
four different concentrations (% m/m) based on the dry polymer content: (i) 0% for the 
reference formulation without added flavour, (ii) 0.5% and 2% for the formulations 
containing the meat flavours 4-hydroxy-5-methyl-3(2H)-furanone, 2-acetylpyridine or          
2-acetylthiazole as flavour, and (iii) 2% and 10% for the formulations containing the meat 
precursors L-leucine, L-methionine or thiamine hydrochloride, or the binary 1:1 mixtures of 
L-leucine + thiamine hydrochloride and L-methionine + thiamine hydrochloride as flavour. 
The solid content of the ingredients was kept constant (15%) in the reference, non-flavoured 
and all flavoured dispersions studied. Consequently, the fixed polymer content for the 
reference dispersions was 9.4% (m/m), and the polymer contents for the 0.5%, 2% and 10% 
flavoured dispersions were 9.4%, 9.3% and 8.8% (m/m), respectively.  

 
4.2.4.1 Preparation of polymer dispersions  

 
The aqueous coating dispersions were prepared as follows: the emulsifier (poloxamer 

407, 10% m/m on dry polymer) and plasticizer (dibutyl sebacate, 15% m/m on dry polymer) 
were dispersed in a small portion of water and homogenized with a magnetic stirrer. Next, 
the polymer was progressively added, and the mixture was homogenized with a magnetic 
stirrer for 30 minutes. Antitacking agent (magnesium stearate, 35% m/m on dry polymer) 
was then homogeneously suspended in the remaining portion of water for 30 minutes with a 
high-shear mixer (Ultra-Turrax, IKA, Germany). The magnesium stearate suspension was 
then added to the polymer dispersion, and the mixture was rapidly homogenized with a high-
shear mixer. Finally, the coating suspension was passed through a 500-μm sieve, and the 
flavour was added. All dispersions were homogenized overnight under continuous mixing 
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with a magnetic stirrer before any further analyses of dispersion pH and viscosity, as well as 
the preparation of free films for analysis of free film stress–strain and the water vapour 
transmission rate.  

The thermal analyses of the free films were performed with the films containing only 
polymer and flavour (2% m/m on dry polymer content) in aqueous dispersion, since the 
multiplicity of excipients was likely to disturb the determination of the glass transition 
temperature (Tg). Such dispersions were prepared as described above, but without the 
emulsifier, plasticizer and antitacking agent, and the polymer was therefore gradually added 
to water and the mixture was then homogenized with a magnetic stirrer for 30 minutes. The 
remaining portion of water was added during continuous mixing with a magnetic stirrer. 
Finally, the suspension was sieved using a 500-μm sieve, and the flavour was added. The 
dispersions were homogenized for 24 hours using a magnetic stirrer before analysis of the 
thermal behaviour of free films. 

 
4.2.4.2 Preparation of free films  

 
Free films were prepared by a solvent casting method from both reference and 

flavoured aqueous polymer dispersions. To prepare the films, a constant amount of polymer 
dispersion was cast into polytetrafluoroethylene (Teflon®) moulds (with an effective area of 
casting of 33 cm2). After filling, the moulded dispersions were allowed to dry in an oven 
(50 °C) for 3 hours prior to curing (40 °C) for 12 hours after casting. After 12 hours, the dried 
films were gently peeled off the Teflon® surface. For the determination of Tg, the free films 
were first dried at RT (+20 ± 2 °C) for 24 hours, and subsequently stored in a desiccator at 
RT/0% RH for 24 hours before thermal analysis. 

 
4.2.4.3 Analyses of aqueous polymer dispersions 

 
pH A Field-Lab Schott (Schott, Germany) potentiometer was used to determine the pH 

of all aqueous dispersions studied. During determinations, the dispersions were gently mixed 
with a magnetic stirrer. At least two parallel measurements were performed.   

Viscosity The rheological behaviour of the reference non-flavoured dispersion and the 
flavoured dispersions was determined at 20 °C using an AR2000 Rheometer (TA 
Instruments, USA) with concentric cylinder geometry. The samples were premixed for 10 
seconds before starting the viscosity determinations. Steady shear viscosity was first 
determined by shearing the sample at 100 1/s for 2 minutes and the average value was 
recorded. Subsequently, flow curves at different shear rates were determined at shear rates 
from 10 to 1000 1/s. The samples exhibited Newtonian behaviour and the viscosities were 
taken as the average of viscosities at different shear rates. After each flow curve 
determination, the samples were further sheared at 100 1/s for 2 minutes and the average 
value was recorded. At least three parallel measurements were performed for each sample. 

 
4.2.4.4 Evaluation of free films 

  
Water vapour transmission rate To determine the water vapour transmission 

rate (WVTR), the peeled films were cut into square-shaped pieces of 2 x 2 centimetres, and 
then stored at RT/43% RH for 24 hours before further analysis. The WVTR was determined 
using a dry cup method. Two grams of calcium chloride were first weighed into glass vials, 
after which the glass vials were closed with a cap and then allowed to equilibrate in a 
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desiccator at RT/43% RH for 1 hour. The thickness of each film sample was measured from at 
least three different points using a Sony digital micrometer (Sony Digital Indicator U30-F, 
Sony, Japan). After 1 hour of equilibration, the glass vials were removed from the desiccator. 
The mouth of each glass vial was immediately closed with a film sample and tightly sealed 
with a Para-Film® M barrier film. Then, the glass vials were accurately weighed (time zero,     
t = 0), placed in a desiccator at 85% RH and RT, and weighed at regular time intervals after 1, 
24, 48, 72, 96 and 120 hours of storage. The WVTR of the films was calculated using 
Equation 3: 

 
WVTR = !"

!"                  (Eq. 3) 
 

where G is the weight gain (grams), d is the film thickness (metres), t is the time (hours) 
during which G occurred, and A is the exposed surface area (square centimetres). No 
damaged films were included in the WVTR test. At least five parallel free films of a given 
composition (the non-flavoured reference and 2% flavoured films) were tested for water 
vapour barrier properties.  

Mechanical properties After the dried films were gently peeled off the Teflon® 
moulds, they were cut into narrow-waisted dumbbell-shaped strips with a maximum length 
of 105 mm (narrow section 33 mm) and a maximum width of 25 mm (narrow section 6 mm). 
The samples were allowed to equilibrate in a sealed desiccator at RT/43% RH for 3 days and 
3 months before mechanical stress–strain testing. The thickness of each strip was measured 
at three different points using a Sony digital micrometer. The mechanical stress–strain 
properties of non-flavoured reference and flavoured free films were examined using a Lloyd 
LRX materials tester (Lloyds Instruments Ltd., UK). The stress–strain measurements were 
performed using a 100-N load cell, an initial gauge length of 33 mm and a cross speed of        
5 mm/min. A minimum of five successful parallel measurements for each film composition 
were performed. The film strength at yield, tensile strength, elongation at break (%) and 
modulus of elasticity (Young’s modulus) were calculated from the stress–strain curve.  

Thermal properties Potential flavour-induced changes in the Tg of polymer films 
were determined by modulated differential scanning calorimetry (MDSC) (Mettler-Toledo 
AG, Switzerland). A dried film sample of 10–15 mg was placed in an aluminium pan, which 
was closed with a lid having two pinholes. The samples were analysed in a nitrogen 
atmosphere over a temperature range of -10 to 130 °C. The MDSC parameters used were the 
following: a heating rate of 2 °C/min, an amplitude of ±0.5 K and a period of 30 seconds. 
Prior to each MDSC run, an equilibration step at -10 °C for 3 minutes was included to remove 
any residual moisture in the samples. The Tg was determined as the midpoint of transition 
using Modulated DSC Analysis software. Experiments were performed in duplicate.  
 
4.2.5 Study on coated minitablets using conventional polymer coating and a thin 

coating method based on atomic layer deposition for taste-masking    
purposes (IV) 

In this thesis study, the coating method based on atomic layer deposition was brought 
from microelectronics and nanotechnology to the new field of pharmaceutical processing of 
minitablets. Traditionally, ALD has been used for surface protection, modification and 
functionalization in microelectronic applications, and, for instance, as a moisture protectant 
for nano- and micro-sized particles (George, 2010; Carlsson et al., 2016). These coatings have 
been described to form continuous, ultra-thin, dense and pinhole-free layers on substrates, 
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not to mention that these films should fill even the deepest voids and pores on substrate 
surfaces (George, 2010). Recently, ALD has been used in the design of nanoparticles 
(Carlsson et al., 2016), and larger-sized, single drug powder particle applications (Hoppu et 
al., 2015), as well as on simple and single material layered tablets, and for taste and odour 
masking on fish oil-containing soft gel capsules (Lehtonen et al., 2013). However, its 
feasibility on heterogeneous and porous tablet surfaces is still relatively unknown, and 
therefore also its feasibility as a potential tablet taste-masking method providing an 
alternative to conventional polymer film coating. The feasibility of minitablet coating using 
polymer film coated minitablets as a reference thus needed to be evaluated, with the focus on 
the ALD nanolayering effect on minitablet properties and taste-masking efficacy. 

Design of experiments For ALD coating of minitablets, three different numbers of 
coating cycles (100, 300 and 500 cycles) resulting in different coating thicknesses were used. 
The numbers of cycles were selected based on the results of preliminary experiments on ALD. 
For the polymer coating of minitablets, the design of experiments involved four different 
polymer coating concentrations of 2, 4, 6 and 8 mg/cm2. The levels were selected based on 
existing knowledge of the minimum coating thickness of the used polymer, Eudragit® E (1-2 
mg/cm2), that would be sufficiently effective for taste masking (Evonik, 2009).  
 
4.2.5.1 Polymer film coating of minitablets  

 
The formation of polymer films on minitablets through concomitant moisture 

evaporation and polymer particle coalescence was performed on fluidized, bitter tasting 
minitablets in a laboratory-scale fluid-bed apparatus (Aeromatic AG, Switzerland) equipped 
with bottom spray-installed Wurster set-up. The height of the Wurster column was 7.0 cm. 
The nozzle was a Schlick 970/7-1 pneumatic external mixing two-fluid nozzle (Düsen-Schick 
GmbH, Germany). The coating processor with instrumentation was connected to a PC and 
operated via In Touch software (Wonderware, USA). The coating batch size was 100 g of 
minitablets. The atomizing air pressure was 1.1 bar and the inlet air volume (air flow rate) 
12.5 l/s. All coatings were performed in an ambient inlet air RH of 22 ± 0.4% measured with 
a Vaisala HUMICAP® HMT100 humidity and temperature probe (Vaisala Oyj, Finland). 
Before each coating experiment, the coating chamber (made of glass) was preheated with an 
inlet air flow rate of 12.5 l/s, an inlet air temperature of 40–50 °C and an outlet air 
temperature of approximately 40 °C. The main parameters for nozzle diameter, atomizing air 
pressure, inlet air volume, inlet air temperature and spraying rate describing the actual 
coating process are given in Table 4. The end point of a spraying phase was determined as 
the point where the theoretical polymer amount of 2, 4, 6 and 8 mg/cm2 was achieved. The 
end point of a drying phase was reached when the difference in RH between the inlet and 
outlet air was constant. Coated minitablets were further tray-dried and cured at 40 °C for 24 
hours.  
 
Table 4. Coating process parameters for minitablet polymer coating. 
 

Parameter Value 
Nozzle diameter 0.5 mm 
Atomizing air pressure 1.1 bar 
Inlet air volume 12.5 l/s 
Inlet air temperature 40–50 °C 
Spraying rate 2.2 g/min 
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4.2.5.2 ALD coating of minitablets  
 
In ALD involving metal oxides such as TiO2, the substrate surfaces are coated during 

separate saturation (deposition) cycles. In theory, the cycles involve self-limiting chemical 
reactions between the gaseous metal and aqueous precursors that chemisorb on a solid 
substrate surface and saturate this. With TiO2-coated surfaces, the cycle of surface saturation 
takes place in two reaction steps commonly performed in a vacuum at a controlled 
temperature. Step one (the first half cycle) involves pulsing of the metal precursor (TiCl4) to 
the coating chamber and allowing this to react with the free hydroxyl groups on the substrate 
surface. The number of free hydroxyl groups depends on the present surface moisture and 
chemical groups of the coated substrate. In theory, the chemical pulse should saturate the 
substrate surface with Ti-containing groups through molecular bonds. During step two (the 
second half cycle), these molecularly bonded structures on the substrate surface should in 
theory react with the oxygen precursor (water vapour) now being pulsed to the coating 
chamber, and therefore form the first nanolayer of TiO2. Between the steps, a purge of inert 
gas is applied to remove any excess of precursor and the reaction by-products. The number of 
repeated reaction cycles controls the thickness of nanolayers. The more cycles are applied, 
the thicker the ALD layers.  

Here, ALD was performed on stationary minitablets placed in a coating chamber in a 
laboratory-scale flow type ALD reactor (Beneq TFS 200, Finland). First, uncoated minitablets 
were placed on the bottom of the reactor plate and pretreated in the reactor at 65 °C and at 
the pressure of 2 mbar for 24 hours prior to deposition to remove the excess moisture from 
the tablets. The thin nanolayers of TiO2 were grown on minitablets from TiCl4 and water at 
65 °C. Nitrogen (N2) was used as a carrier and purging gas. The TiCl4 and water were 
evaporated from the sources at 20 °C. The cycle consisted of a 300-ms TiCl4 pulse, 20-s N2 
purge, 300-ms water pulse and 30-s N2 purge. The number of ALD cycles was 100, 300 and 
500, corresponding to film thicknesses of approximately 10, 30 and 50 nm measured from 
the silicon reference sample processed in the same runs. Using the approximate coating film 
thickness (10, 30 and 50 nm) and the density of TiO2 (4.23 g/cm3), the amount of TiO2 

coating was 0.0042 mg/cm2, 0.0127 mg/cm2 and 0.0212 mg/cm2, respectively corresponding 
to 100, 300 and 500 ALD cycles. After the coating, the minitablets were collected from the 
coating chamber and were stored in carefully closed glass vials at RT prior to further analyses. 

 
4.2.5.3 Minitablet surface morphology and surface content analysis  

 
The surface morphology of uncoated and coated minitablets containing denatonium 

benzoate was studied using a scanning electron microscope (FEI Quanta FEG250, FEI Inc., 
USA) at the Electron Microscope Unit, Institute of Biotechnology, Helsinki, Finland. Dry 
platinum-coated samples were scanned using a voltage of 10 kV. The surface morphology and 
surface content of uncoated and TiO2-coated minitablets (500 cycles) were further 
determined using a field emission scanning electron microscope with energy dispersive 
spectroscopy (SEM-EDS) (Hitachi S-4800 equipped with Oxford INCA 350) at the 
Department of Chemistry, Helsinki, Finland. The measurements were performed using the 
voltage of 20 kV. Minitablet samples were coated with carbon prior to the measurements.  
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4.2.5.4 Minitablet dimensions and content  
 
The height of minitablets was measured with a Sony digital micrometer (Sony Digital 

Indicator U30-F, Sony, Japan) (n = 10). The uniformity of mass and uniformity of content 
tests were performed according to Ph. Eur. (using the tests described in chapters 2.9.5 and 
2.9.6, respectively). 

 
4.2.5.5 Minitablet dissolution rate  

 
The dissolution of denatonium benzoate minitablets was determined using a modified 

Ph. Eur. (2.9.3) basket method and apparatus A (Erweka DT6, Erweka GmbH, Germany)     
(n = 4). The dissolution medium was 40 ml of SPB (pH 7.6) at 37–38 °C. The basket rotation 
speed was 50 rpm. The samples were collected manually at time periods of 0 and 15 s, and 
then after every 30 seconds until the end point of 6 minutes 15 s. The dissolution sample size 
for minitablets containing denatonium benzoate was 250 µl. Prior to HPLC analysis, the 
samples were centrifuged (13,200 rpm/5 min) and pipetted into HPLC sampling plates. 
HPLC analyses were performed within 24 hours after dissolution testing. 

 
4.2.5.6 Minitablet disintegration  

 
Disintegration tests were performed on uncoated and coated minitablets using Sotax 

DT3 tablet disintegration apparatus (Sotax AG, Switzerland). The method was slightly 
modified for small minitablets from the standard Ph. Eur. tablet disintegration method 
(2.9.1): the bottom of each testing cylinder was covered with a stainless steel mesh (with an 
average mesh size 0.2 mm) to prevent small tablets dropping down to the bottom of the test 
glass beaker. 

 
4.2.5.7 Minitablet breaking force  

 
The tablet breaking force (tablet hardness) was determined using a Schleuniger-2E 

tablet hardness tester (Dr. K. Schleuniger & Co., Switzerland) with a slight modification 
compared to the Ph. Eur. method (2.9.8). Instead of determining the load required to crush a 
tablet diametrically (when placing tablets diametrically onto their flat side between the jaws), 
tablets were placed diametrically on their edge (belt) between the jaws. This was due to the 
occasional non-detectability of the load needed to crush the minitablets placed diametrically 
onto their flat side. 

 
4.2.5.8 Minitablet HPLC assays 

 
For the uniformity of content and dissolution tests, the samples were analysed using an 

Agilent 1100 series HPLC system (Agilent Technologies, USA) equipped with a UV-Vis 
detector. The reverse-phase column Zorbax Eclipse Plus C18 (100 x 4.6 mm, 3.5 µm) (Agilent 
Technologies, USA) was utilized in the analyses.  

The flow rate of the eluent mixture of ammonium acetate (10 mM, pH 4.5):ACN was     
1 ml/min. Denatonium benzoate was detected at a wavelength of 210 nm at 25 °C. For the 
uniformity of content test, the corresponding ratio of the eluents and the retention time of 
denatonium benzoate was 55:45 and 1.8 min (for the uncoated and the polymer-coated 
minitablets), and 60:40 and 2.4 min (for the uncoated and the TiO2-coated minitablets). For 
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dissolution testing of uncoated and both polymer- and TiO2-coated minitablets, the ratio of 
the eluents was 60:40 and the retention time of denatonium benzoate was 2.4 min.  

 
4.2.6 Statistical methods 

In thesis publication I, the inter-observer agreement was assessed as the proportion of 
agreements with 95% confidence intervals. The primary statistical model for differences in 
the frequency of behaviours was a mixed logistic regression model with the item and the 
number of blocks on the day as fixed factors and the cat, observer and testing day as random 
factors. Variance components were used as the covariance structure in the models. The 
differences between edible items were quantified with odds ratios and their 95% confidence 
intervals. For each behaviour, the following subgroup analyses were constructed: (1) the trials 
with a full video recording (the owner had turned the camera off only after the cat left the 
table); (2) the trials with ‘refuse at the beginning’; and (3) subgroup analyses by testing day 
and number of blocks. Statistical significance was defined as p < 0.05 in all models. 
Statistical analyses were performed using SAS System for Windows, version 9.3 (SAS 
Institute).  

To develop an optimised test protocol, statistical analyses were also carried out with 
partial data sets to determine the saturation point at which further repeating of trials no 
longer changed the results. It was hypothesised that the results would be skewed towards 
behavioural indicators of low palatability if: (1) the cat left the table immediately; (2) the cat 
struggled when carried onto the table; (3) the cat did not approach the food; or (4) if the 
owner turned the camera off earlier than instructed. This was to test whether these had 
confounding effect on the results.   

In thesis publications III and IV (tablet dissolution results), the Student’s t-test (two-
tailed distribution, two-sample unequal variance) was used for the calculation of statistical 
differences. A difference was considered statistically significant with p < 0.05.  
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5 Results and discussion 

5.1 Minitablets: Feline behavioural indicators on palatability (I) 

To acquire information on feline perceptions of placebo minitablets, the results for 
feline behavioural indicators in the presence of the favoured food, a minitablet hidden inside 
the favoured food, and the non-favoured food were evaluated, mainly considering the results 
for minitablets. From the perspective of pharmaceutical product development, when 
attempting to improve the palatability of feline minitablets, it is important to gain a first-
hand understanding of feline behaviour in the presence of the offered minitablets, and 
particularly of whether the behaviour of cats indicates a preference for minitablets over the 
non-favoured food or the favoured food in the first place. Thus, the idea in this thesis was to 
use the presented results on feline behavioural indicators to provide first-hand preliminary 
information on the studied minitablets. The aim was to gain information on whether the 
minitablets in general were accepted by felines, or whether the tablets were considered 
completely unacceptable, and this verified using feline behavioural indicators for the 
preference of the non-favoured food over the minitablets. 

Examples of eight feline behavioural patterns captured from video clips in this study 
are presented as still images in Figures 3a-i. Table 5 provides details on inter-observer 
agreement and the frequencies of feline behaviours. Due to the low number of occurrences, 
the behavioural pattern ‘scratch ear’ could not be statistically analysed.  

For two behaviours, ‘drop item’ and ‘shake head’, the cats’ responses to TFF vs. FF had 
a statistically significant difference. Both behavioural patterns were hypothesised to correlate 
negatively with the palatability of the edible item. Responses to NFF vs. FF differed 
significantly for 12 behaviours (’flick ears backwards’, ‘lick nose, not eaten’, ‘drop item’, 
‘smack’, ‘lick nose after eating’, ‘shake head’ and ‘flick tail’, all with the hypothesis of a 
negative correlation with the item palatability; and ‘eat’, ‘lick bowl’, ‘sniff bowl again’, ‘lick lip’, 
‘groom body’, with the hypothesis of a positive correlation with the item palatability). For 
NFF vs. TFF, ten of the cats’ behavioural responses had a statistically significant difference 
(six of these behavioural patterns, namely ‘flick ears backwards’, ‘lick nose, not eaten’, ‘drop 
item’, ‘smack’, ‘lick nose after eating’ and ‘flick tail’, were hypothesized to correlate negatively 
with the palatability of the item, and the other four patterns, ‘eat’, ‘lick bowl’, ‘sniff bowl again’ 
and ‘lick lip’, to have a positive correlation with item palatability).  

Regarding the minitablets, the most significant result concerned the feline behaviour 
‘drop item’ which was more frequent with TFF than with FF. This result could indicate that, 
understandably, minitablets were considered less palatable than the favoured food by felines. 
However, as no statistically significant difference between TFF vs. FF occurred for the 
behaviours ‘eat’ or ‘lick nose, not eaten’, and as a statistically significant difference was found 
for behaviour ‘lick nose, not eaten’ between NFF vs. TFF, these results would indicate that at 
least in some ways, most likely concerning the tablet odour, the tablet was not found 
completely unappealing by felines. If the odour was found unappealing, this was expected to 
result in rejection of the tablet and, furthermore, in tablet eating that was similar to food 
found unacceptable. Such results for minitablets would also indicate that more effort is 
needed to make the product more appealing in terms of taste and/or mouth feel, and most 
likely also odour. 

For future palatability testing purposes, e.g. when testing pharmaceuticals, the study 
provided information on feline behaviour in the presence of palatable and unpalatable items 
in the form of new behavioural indicators for product unacceptability and palatability. First 
of all, for items considered unacceptable by felines, the research provided four promising 
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behavioural indicators, namely ‘flick ears backwards’, ‘lick nose, not eaten’, ‘flick tail’ and 
‘groom body’, which were more frequent with NFF than with FF. Previously, of these four, the 
indicator ‘groom body’ has been considered as a sign of palatability, but here, supported by 
strong inter-observer agreement, the behavioural pattern was regarded as an indicator of 
unpalatability. In addition to the four abovementioned indicators, the feline behaviour ‘lick 
lip’ can be considered as an indicator of item acceptability, as it was more frequent with FF 
than with NFF, this also being in accordance with existing knowledge indicating palatability 
(Van den Bos et al., 2000). In contrast to ‘lick lip’, ‘lick nose after eating’ has been considered 
as a sign of item unpalatability. However, this behaviour would be unsuitable for 
standardized use in palatability testing due to difficulties in distinguishing it from other types 
of post-consumption licking. 

The presented palatability test setting provides an option for the palatability testing 
protocol recommended by the European Medicines Agency. The feasibility of the current 
testing protocol was verified by high inter-observer agreement. With the presented study 
protocol, involving independent observers, video recording and owner instructions, it is thus 
possible to perform reliable palatability testing with ordinary domestic pet cats in their usual 
living surroundings without causing stress and with no more than a few exclusion criteria for 
the cats themselves. With such study settings, the number of necessary cats could be kept 
relatively small, as in this study with only 34 cats, statistically significant results were 
obtained. In addition, the study was performed on ordinary domestic pet cats, not on 
purpose-bred, feral or semi-feral cats usually applied when testing feline food preferences 
(Coman and Brunner, 1971; Bradshaw et al., 2000; Hullár et al., 2001). Thus, the study can 
be considered to have provided a more reliable set of results regarding the actual target 
population, which could therefore also be used for the drug development purposes for orally 
administered veterinary pharmaceuticals, even for targeted population (companion animal) 
groups such as cats or dogs. In addition, it could be considered that such palatability research 
performed in the cat owner’s home not only tests the animals but also the animal owners and 
their modification towards the convenience of the tested products, treatment compliance and 
medication commitment. Here, positive feedback on the studied minitablets was received 
from the pet cat owners. Notably, when adopting such a palatability testing protocol, 
thorough initiation and teaching of the animal owners is strongly required.   
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Figure 3. Examples of eight behavioural indicators in still images captured from video clips: 
(a,b) ‘flick ears backwards’, which involves a rapid ear movement from position (a) to 
position (b) and back; (c) ‘lick nose’; (d) ‘drop item’, where the cat drops the piece of food 
and/or the minitablet hidden inside it, from the mouth; (e) ‘smack’, a behaviour pattern that 
involves ‘smacking’ the tongue with the mouth partly open, accompanied by rapid 
movements of the mouth that are not chewing; (f) ‘flick lip’; (g) ‘shake head’; (h) ‘flick tail’, a, 
behavioural pattern that involves moving the tail sideways in rapid, wide sweeps; and (i) 
‘groom body’. Reprinted with the permission of Vet. J.  
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Table 5. Differences in the frequency of behavioural patterns when cats were presented with 
the favoured food (FF), a placebo minitablet inside a favoured food (TFF) or non-favoured 
food (NFF). Reprinted with the permission of Vet. J. 
 
Behavioural 
pattern 

Inter-
observer 
agreement 
(%) 

Items 
compared 

Odds 
ratio 

Lower 95% 
Confidence 
interval 

Upper 95% 
Confidence 
interval 

p-value 

Eat 98.3 TFF vs. FF 
NFF vs. FF 

0.955 
0.001 

0.424 
0.000 

2.154 
0.001 

0.9117 
<0.0001*** 

  NFF vs. TFF 0.001 0.000 0.002 <0.0001*** 
Flick ears 
backwards 

72.7 TFF vs. FF 
NFF vs. FF 

0.900 
12.624 

0.601 
8.575 

1.345 
18.585 

0.6059 
<0.0001*** 

  NFF vs. TFF 14.034 9.442 20.861 <0.0001*** 
Lick nose,  
not eaten 

95.8 TFF vs. FF 
NFF vs. FF 

0.760 
80.218 

0.312 
41.280 

1.849 
155.885 

0.5450 
<0.0001*** 

  NFF vs. TFF 105.536 50.362 221.156 <0.0001*** 
Drop item 93.0 TFF vs. FF 

NFF vs. FF 
2.026 
0.200 

1.346 
0.102 

3.050 
0.391 

0.0007*** 
<0.0001*** 

  NFF vs. TFF 0.099 0.051 0.190 <0.0001*** 
Smack 83.0 TFF vs. FF 

NFF vs. FF 
1.244 
0.081 

0.881 
0.044 

1.757 
0.152 

0.2151 
<0.0001*** 

  NFF vs. TFF 0.065 0.035 0.122 <0.0001*** 
Lick nose 
after eating 

56.8 TFF vs. FF 
NFF vs. FF 

0.910 
0.016 

0.623 
0.008 

1.329 
0.031 

0.6263 
<0.0001*** 

  NFF vs. TFF 0.017 0.009 0.034 <0.0001*** 
Lick bowl 94.1 TFF vs. FF 

NFF vs. FF 
0.811 
0.011 

0.536 
0.005 

1.228 
0.026 

0.3214 
<0.0001*** 

  NFF vs. TFF 0.014 0.006 0.032 <0.0001*** 
Sniff bowl 
again 

84.5 TFF vs. FF 
NFF vs. FF 

0.961 
0.127 

0.681 
0.088 

1.357 
0.182 

0.8225 
<0.0001*** 

  NFF vs. TFF 0.132 0.092 0.190 <0.0001*** 
Sniff table 94.6 TFF vs. FF 

NFF vs. FF 
0.791 
0.977 

0.545 
0.676 

1.149 
1.411 

0.2182 
0.8995 

  NFF vs. TFF 1.235 0.843 1.808 0.2786 
Lick lip 89.5 TFF vs. FF 

NFF vs. FF 
0.882 
0.028 

0.574 
0.018 

1.355 
0.044 

0.5652 
<0.0001*** 

  NFF vs. TFF 0.032 0.021 0.050 <0.0001*** 
Shake head 96.7 TFF vs. FF 

NFF vs. FF 
0.440 
0.448 

0.237 
0.238 

0.820 
0.844 

0.0097*** 
0.0131* 

  NFF vs. TFF 1.018 0.498 2.080 0.9620 
Flick tail 92.3 TFF vs. FF 

NFF vs. FF 
1.517 
7.261 

0.798 
3.992 

2.882 
13.208 

0.2029 
<0.0001*** 

  NFF vs. TFF 4.787 2.765 8.287 <0.0001*** 
Twitch back 
skin 

94.8 TFF vs. FF 
NFF vs. FF 

1.588 
2.441 

0.604 
0.974 

4.174 
6.117 

0.3479 
0.568 

  NFF vs. TFF 1.537 0.688 3.434 0.2939 
Shake paw 98.3 TFF vs. FF 

NFF vs. FF 
1.565 
1.234 

0.657 
0.485 

3.725 
3.143 

0.3115 
0.6583 

  NFF vs. TFF 0.789 0.329 1.893 0.5953 
Groom body 97.0 TFF vs. FF 

NFF vs. FF 
1.123 
1.842 

0.606 
1.019 

2.083 
3.330 

0.7119 
0.0432* 

  NFF vs. TFF 1.640 0.917 2.932 0.0950 
*p < 0.05, **p < 0.01, ***p < 0.001. The behavioural pattern ‘scratch ear’ could not be 
statistically analysed due to the low number of occurrences.  
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5.2 Flavoured minitablets: Flavour evaluation for minitablet formulations (II) 

5.2.1 Evaluation of material properties  

As has already been emphasized, particularly in veterinary medicine, drug 
manufacturing and production costs should be kept as low as possible. Additional 
manufacturing stages such as granulation and similar related processes prior to tableting 
should be avoided, and at the same time, beneficial and cost-effective production methods, 
e.g. direct compression of tablets, should be supported. As the amount of suitable flavour 
necessary for adequate taste masking in bad-tasting tablets can be very high, we expected 
that the parameters flavour density and flowability, not to mention particle morphology and 
size, would especially impact on tabletability, particularly direct compression. Therefore, the 
idea was to rapidly evaluate the properties of palatability-improving flavours in relation to 
demands connected to the direct compression of tablets. For direct compression, good 
flowability as well as packing and rearrangement ability of particles are required. 

At the beginning of this research, it was already known that denatonium benzoate was 
going to be used in very small amounts, since the bitter taste of the compound can be 
detected in very small concentrations (0.00001% m/m). Such a small amount could easily 
lead to difficulties in powder mixing, and thus to heterogeneous mixtures. In order to avoid 
this, the best choice was to dissolve the substance into liquid (water) and mix the solution 
with other powder components in a high-shear mixer during wet granulation. Thus, when 
manufacturing minitablets with the target denatonium benzoate content of 10 μg             
(0.04% m/m), direct compression of mixtures involving dry denatonium benzoate was 
avoided. Consequently, measurements of bulk and tap densities were not performed for the 
bitter tasting model substance. Later, as observed by analyses of the minitablet denatonium 
benzoate content conducted by HPLC, minitablets with the target weight of 25 mg indeed 
appeared to have the required, predetermined content of the bitter tasting model substance 
(IV). Therefore, 25-mg minitablets containing 10 µg of denatonium benzoate were 
manufactured using wet granulation as a phase prior to tableting.  

SEM images of denatonium benzoate and palatability-improving substances, together 
with their particle-size distributions (μm), are presented in Figures 4a–4e. The bulk and 
tap densities and the parameters for HR and CI describing the powder flowability of the 
palatability-improving flavouring substances are listed in Table 6.  

Generally, the tap density can be described as a measure of the rearrangement and 
packing ability of the particles. Naturally, this is affected by the particle size and shape. 
Similarly to tap density, the particle size, form and shape also affect the flowability of 
materials. Small particles have a poor flowability compared to larger particles. On the other 
hand, larger particles may have a poorer packing and rearrangement ability compared to 
smaller particles, which are able to fill in the small voids between larger particles in tableting 
dies. 

The SEM images illustrated material differences in particle form and shape. Particles of 
L-leucine and L-methionine were flat and round in comparison to the needle-shaped 
particles of denatonium benzoate and L-proline. Particles of thiamine hydrochloride 
consisted of powder-like crystals of variable, irregular sizes. Variations in bulk and tap 
densities were attributed to the particle form and shape. L-leucine, with thick and spherical-
shaped particles, had the highest value for bulk and tap densities. Irregularly shaped and 
formed particles led to the lowest value for bulk and tap density for thiamine hydrochloride. 
Tap density was expectedly shown to be greater with spherical particles of a regular size. 
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Figure 4. SEM images and particle sizes of (a) denatonium benzoate anhydrate, (b) L-
methionine, (c) L-leucine, (d) L-proline and (e) thiamine hydrochloride. Reprinted with the 
permission of J. Excip. Food Chem. 

 
Good flow characteristics are expected for materials with a Hausner ratio of less than 

1.20, whereas a value of ≥1.5 is related to poor flowability of powders (Hausner, 1967). Carr’s 
index values of higher than 20 indicate fair to poor flowability of powders (Carr, 1965). Of the 
studied palatability-improving materials, both L-proline and thiamine hydrochloride had a 
value greater than 1.20 for the Hausner ratio and greater than 20 for Carr’s index. 
Significantly lower values were obtained for L-leucine and L-methionine, indicating excellent 
flowability for these amino acids compared to L-proline and thiamine hydrochloride.  
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The results were consistent with expectations based on particle shape and form. 
Regularly shaped spherical particles of L-leucine and L-methionine had better flowability 
compared to irregularly or needle-shaped particles of thiamine hydrochloride and L-proline. 
Thus, L-leucine and L-methionine are expected to assist in die filling when compressing 
minitablets. When using thiamine hydrochloride or L-leucine, the flowability of the tablet 
mass could be improved by choosing tableting excipients with good flowability or by 
increasing the particle size through granulation. 
 
Table 6. Powder characteristics of the palatability-improving flavouring substances              
L-methionine, L-leucine, L-proline and thiamine hydrochloride. Reprinted with the 
permission of J. Excip. Food Chem. 

 
PALATABILITY-

IMPROVING 
FLAVOURING 
SUBSTANCE 

BULK 
DENSITY 

(g/ml) 

TAPPED 
DENSITY 

(g/ml) 

HAUSNER 
RATIO 

CARR’S 
INDEX 

L-methionine 0.534 0.591 1.106 9.535 
L-leucine 0.677 0.726 1.072 6.681 
L-proline 0.400 0.518 1.294 22.626 
Thiamine 
hydrochloride 

0.323 0.415 1.288 22.3 

 
5.2.2 XRPD and DSC measurements for denatonium benzoate and palatability-

improving flavouring substances 

DSC has traditionally been used to evaluate (‘screen’) interactions between pairs of 
substances in binary 1:1 compositions. In sample thermograms, the interactions are revealed 
by new, shifting or disappearing melting peaks for the studied substances. However, during 
the analysis, samples are subjected to high temperatures, which might improve the ability of 
the two substances to interact, but are irrelevant to the actual manufacturing or storage 
conditions. Thus, the results gained by DSC and their relevance and importance should be 
carefully evaluated. Moreover, if new, disappearing or shifting melting peaks in sample 
thermograms are revealed, the results should be interpreted in combination with other 
techniques, such as XRPD.  

XRPD characterizes samples in terms of their degree of crystallinity, crystal form and 
polymorphism, and moisture-induced interactions, for example, can easily be revealed by the 
method. Similarly to DSC, interactions between substances can be seen as new, disappearing 
or shifting peaks in the XRPD diffractograms, and two substances can be considered 
completely incompatible if both DSC and XRPD reveal results indicating incompatibility. 
However, in case of difficulty in interpreting the results, emphasis was to be placed on XRPD 
diffractograms. 

 
5.2.2.1 Stability of pure flavouring substances 

 
Denatonium benzoate Denatonium benzoate exists in two forms, anhydrate and 

monohydrate. The melting point of 176 °C of the used denatonium benzoate indicated that 
the anhydrous form was used. The anhydrate is hygroscopic. During storage at            
40 °C/75% RH, the substance absorbed moisture, as indicated by the changes between the 
XRPD diffractograms of denatonium benzoate anhydrate 0W and 4W samples. Simple visual 
evaluation of the 4W sample, however, did not reveal any changes in material appearance.   
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L-methionine, L-leucine and L-proline After storage at 40 °C/75% RH, no 
changes in phase transition for L-methionine or L-leucine were revealed. This result was 
expected and consistent with Mellon and Hoover (1951), grouping the two substances into 
non-hygroscopic amino acids, as both L-methionine and L-leucine are able to withstand 
moisture-induced phase transition up to, and including, 93% RH. However, after storage at 
40 °C/75% RH, a strong phase transition-related interaction with moisture and temperature 
was seen with L-proline, as the 3W sample of pure L-proline had transformed into a clear 
transparent solution, making it impossible to produce an XRPD diffractogram of the stored 
sample. The difference between the amino acids is due to the spatial configuration of the 
polar group within the amino acids (Mellon and Hoover, 1951). In L-methionine and             
L-leucine, the polar groups are buried deep in the crystal lattices and voids, making them 
either unable to reach the water molecules, or the compact crystal lattices prevent the water 
molecules from penetrating them. In contrast to L-methionine and L-leucine, L-proline 
willingly accommodates as many water molecules as possible, either via crystal structure 
transformation or phase change. No moisture absorption occurs at 31% RH, but at 51% RH, 
L-proline already forms a monohydrate that dissolves on standing.    

Thiamine hydrochloride Thiamine hydrochloride is also sensitive to humidity 
(Wöstheinrich and Schmidt, 2001). The most moisture sensitive polymorphs are the 
anhydrate and nonstoichiometric hydrate. When exposed to air humidity (53% RT), both 
forms are transformed into thiamine hydrochloride hemihydrate (Chakravarty et al., 2010). 
Similar conversion from monohydrate into hemihydrate also occurs during prolonged 
storage in air and a humidity of 40 °C/75% RH (Watanabe et al., 1979). The obtained XRPD 
diffractograms for 0W and 3W samples of the substance in this study therefore also indicated 
a transformation from the monohydrate form to the hemihydrate during storage under 
research conditions. The monohydrate form of the starting material was also confirmed by 
the DSC thermogram of the pure substance. The thermogram revealed two endotherms, the 
first low-enthalpy endotherm observed at the early onset of the temperature increase, below 
80 °C, and the second, sharp melting endotherm with decomposition recorded above 248 °C. 
Such behaviour is characteristic of the nonstoichiometric hydrate form of thiamine 
hydrochloride (Watanabe and Nakamachi, 1976; Wöstheinrich and Schmidt, 2001), as the 
polymorph first lost its crystal water at a temperature well below 120 °C, characteristic of the 
dehydration of monohydrate, and the dehydrated water-free form then melted, with 
decomposition above 248 °C.  
 
5.2.2.2 Compatibility of flavours with tableting excipients 

 
The results of the stability/compatibility studies on the flavour-excipient 1:1 mixture 

are presented in Table 7 below. The stability of each flavour substance provided first-hand 
information on a necessary requirement for tableting excipients. Regarding moisture-
sensitive and hygroscopic flavours, such as denatonium benzoate, L-proline and thiamine 
hydrochloride, their stability should be improved with the use of moisture-absorbing 
excipients such as different grades of microcrystalline cellulose. To a certain extent, such an 
excipient is able to absorb moisture from the surroundings, thus preventing the moisture 
from reaching and degrading the flavouring compounds.  

On the other hand, certain incompatibility reactions utilizing surrounding moisture can 
also be useful, and used as tools for applied sensitivity analysis. If able to rapidly detect 
incompatibility and/or instability between substances, we could 1) rely on the results 
obtained using simple and rapid analysis techniques, 2) exclude certain completely 
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incompatible combinations or quickly recognize the demands to stabilize them in the early 
phase and 3) rapidly move forward during development of the formulation. 
 
Table 7. Results of the stability and compatibility study on the flavour–excipient 1:1 mixture. 
Y = combination compatible; N = combination incompatible. Flavours: denatonium benzoate 
(DEN), L-methionine (MET), L-leucine (LEU), L-proline (PRO), thiamine hydrochloride 
(TIA). Excipients: microcrystalline cellulose (MCC), calcium hydrogen phosphate dihydrate 
(EMC), lactose monohydrate (LAC), mannitol (MAN), povidone (PVP), hydroxypropyl 
cellulose (HPC), croscarmellose sodium (ADS), crospovidone (CLF), sodium stearyl fumarate 
(SSF), talc (TAL). 

 
In this investigation, each of the studied flavours in 1:1 combinations with α-lactose 

monohydrate was expected to show changes in either XRPD or thermal DSC analyses, or in 
both, as the excipient is known to be incompatible with substances such as our studied 
flavours containing primary and secondary amines and with amino acids (Castello and 
Mattocks, 1962, Blaug and Huang, 1972). The reaction known as Maillard is due to a base-
catalysed reaction of lactose resulting from a surface pH change from acidic to alkaline, and 
commonly also causes visually recognizable discolouration (browning) of medicinal products 
(Castello and Mattocks, 1962). Studies evaluating the Maillard reaction are often performed 
in aqueous solutions, as the intensity of the reaction depends on the amine concentration, 
time and surrounding humidity. Usually, some activation energy is required for the Maillard 
reaction to occur, and an increased surrounding temperature or reducing sugar amount may 
increase the reaction rate. Furthermore, for amino acids, the rate of browning increases with 
a decreased length and complexity of substituent groups (deMan, 1985). Moreover, materials 
considered highly hygroscopic are more likely to undergo this reaction with lactose.  

Although combinations involving lactose and Maillard-sensitive materials are usually 
avoided in pharmaceuticals (Du and Hoag, 2001), the Maillard-type incompatibility reactions 
between studied flavours and lactose revealed in this study could be suggested as minor 
evidence for the suitability of the DSC and XRPD combination as a rapid ‘quick-and-dirty’ 
incompatibility screening method. Naturally, such incompatibility should later be further 
evaluated with more advanced methods such as HPLC.  

The most intense instability-related reactions were revealed for flavours considered 
strongly hygroscopic, and thus for L-proline, the reaction could even be visually observed, as 
the mixture turned into a yellow slurry during the 3-week storage under the accelerated 
conditions of 40 °C/75% RH. For denatonium benzoate and thiamine hydrochloride, the two 
other moisture-sensitive flavours of the study, although no discolouration was visually 
observed, minor changes between the 0W and 3W (denatonium benzoate and lactose) and 
0W and 4W (thiamine hydrochloride and lactose) XRPD diffractograms indicating 
incompatibility were revealed. A stronger indication of excipient-flavour incompatibility was 
revealed for all samples when they were exposed to dry heat. For samples containing 
denatonium benzoate or amino acids, differences were observed in the melting behaviour 
typical for dehydrated α-lactose monohydrate above 200 °C, in addition to changes in the 
melting region of flavour, and indicated incompatibility between substances. For thiamine 

Flavour MCC EMC LAC MAN PVP HPC ADS CLF SSF TAL 
DEN Y Y N Y Y/N Y Y Y Y Y 
MET Y Y N Y Y/N Y Y Y Y Y 
LEU Y Y N Y Y/N Y Y Y Y Y 
PRO N N N N N N N N N N 
TIA Y Y N Y Y/N Y Y Y N N 
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hydrochloride combinations with the used α-lactose monohydrate, the typical melting signal 
for dehydrated α-lactose monohydrate decreased, and although no change in the melting 
point for thiamine hydrochloride was revealed, the combination was considered incompatible.  

The presented data verified that the applied techniques of XRPD and DSC were 
sufficient and adequately sensitive to rapidly detect possible incompatibilities and/or 
instabilities in the presented binary 1:1 composition. Naturally, such data need to be carefully 
interpreted, as with the used weight ratios, the temperatures at which the interaction took 
place may be unrepresentative of those of the final dosage form. Moreover, slower reaction 
rates, reactions catalysed by a ternary component or induced by the high pressures 
encountered during tableting may not be detected. However, as preliminary information, the 
findings revealed by XRPD and/or DSC can be used as tools when planning future 
formulation combinations for feline minitablets. 

The rapid screening of binary flavour–excipient combinations revealed that excluding 
lactose, L-proline 1:1 combinations with excipients, thiamine hydrochloride combinations 
with lubricants, and also povidone binary compositions with studied flavours, the rest of the 
excipients could be utilized as promising candidates for flavoured minitablet formulations 
and future studies. Due to the highly hygroscopic nature of the flavour, L-proline did not 
possess adequate stability in combination with the studied excipients during storage at 
40 °C/75% RH. In 1:1 combinations, the amino acid underwent a phase transformation from 
powder solid to liquid solution or suspension. This indicates that future studies on L-proline 
would need to utilize much smaller amino acid amounts than that currently used. Moreover, 
even these small L-proline concentrations should be combined with excipients that have a 
high moisture-absorbing capacity, such as microcrystalline cellulose (or starch, if compatible), 
and furthermore, these excipients should comprise a large proportion of the tablet 
formulation. This is because such excipients would most likely be able to prevent the 
moisture-induced phase transformation of L-proline, and therefore be able to protect the 
flavour. Such an effect was already seen in the study with the anhydrate form of denatonium 
benzoate and the monohydrate form of thiamine hydrochloride. Microcrystalline cellulose at 
the used concentrations with these moisture-sensitive flavours prevented the change from 
anhydrate to monohydrate (denatonium benzoate), as well as from monohydrate to 
hemihydrate (thiamine hydrochloride), and thus protected the flavours against the 
surrounding high humidity and temperature conditions. For a tablet filler, such a protective 
property would make the excipient a perfect choice for future minitablets.  

Similarly to L-proline, the suggested tablet binder, povidone, is also highly hygroscopic. 
Due to this known property of the excipient to eagerly form hydrogen bonds (Wan et al., 
2007), the 1:1 binary samples went through a phase transformation that, similarly to             
L-proline samples, formed liquid solutions or suspensions during storage at 40 °C/75% RH. 
This prevented further analyses with XRPD, and although no evidence of incompatibility was 
revealed by DSC thermograms, no final conclusions on possible incompatibility could 
therefore be formed. Together with suggestions for further analyses with L-proline, in the 
future, flavour–excipient combinations containing povidone should be tested with smaller 
povidone amounts, perhaps even on minitablets, and in the presence of moisture. Moreover, 
possibilities for incompatibility should be evaluated utilizing advanced analysis techniques, 
such as HPLC. Furthermore, as a binder, povidone is commonly used at low concentrations 
of 0.5–5% in tablets. Finding the correct binder amount for dry product formulations is 
necessary, as the substance might otherwise cause over-wetting of products if stored in the 
presence of moisture. On the other hand, other possibilities for use as a minitablet binder, 
such as hydroxypropyl cellulose, could also be utilized in future minitablet formulations. 
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Excluding L-proline, no evidence of incompatibility or instability was revealed for 
hydroxypropyl cellulose, even under the  studied storage conditions of 40 °C/75% RH. 

Thiamine incompatibility with talc was concluded based on slight inconsistencies 
revealed by XRPD diffractograms between the binary mixture samples before and after 
storage. In theory, thiamine hydrochloride should not be combined with this lubricant, as the 
excipient may enhance the hydrolysis of the flavour (Yamamoto and Takahashi, 1958). 
During hydrolysis, the alkaline pH of talc causes the opening of the thiazole ring in thiamine 
hydrochloride. Thiamine hydrochloride should not therefore be combined with talc or other 
alkaline substances, as in theory, such combinations would increase the degradation of the 
flavour. 

Compared to talc, the incompatibility between thiamine hydrochloride and sodium 
stearyl fumarate was more evident. The XRPD diffractogram of the binary mixture showed 
changes that indicated altered crystal forms between the 0W and 3W samples. This 
incompatibility was also revealed by DSC thermograms. As both analysis methods indicated 
an incompatibility, thiamine hydrochloride combinations with sodium stearyl fumarate 
should be avoided.  

 
5.2.2.3 Bitter-tasting minitablet formulation (IV) 

 
Future studies on minitablets were decided to be performed on bitter-tasting 

minitablets (IV). Following the results presented in Table 7, the following components were 
considered for a minitablet formulation containing denatonium benzoate:  

Microcrystalline cellulose  
• No incompatibility with the flavour (denatonium benzoate) 
• Prevents the transformation of denatonium benzoate anhydrate to 

monohydrate 
• Relatively good flowability if in a larger particle size and if granulated 
• Good tabletability 

Calcium hydrogen phosphate dihydrate 
• No incompatibility with the flavour (denatonium benzoate) 
• Enhances the mass flow during minitableting 

Hydroxypropyl cellulose; crospovidone; sodium stearyl fumarate 
• No incompatibility with the flavour (denatonium benzoate) 

 
5.3 Flavoured minitablet coatings: Development of flavoured coating 

formulations (III) 

For novel flavoured coating formulations, flavours with only a minor effect on the 
coating dispersion characteristics and mechanical properties of the polymer film formulation 
were desired. Therefore, in this study, flavoured film formulations similar to the non-
flavoured Eudragit® E polymer composition in respect to the properties of its dispersion and 
free films made from it were considered in the choice of formulation. The assumption was 
that with similar characteristics, films as effective as the reference, non-flavoured Eudragit® 
E films for coating and taste masking purposes would be obtained. 
 
5.3.1 Aqueous dispersion 

The studied dispersion qualities mainly relate to the demands on polymer spraying, e.g., 
to the decision over spraying tubes and nozzles. However, the way the changes in the 
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properties of the coating dispersions affect the whole coating process are far more 
complicated due to the many variables that make the coating process itself and the produced 
final films on their substrates a success. Therefore, it is not only a question of choosing the 
correct spraying tubes and nozzles.  

When developing flavoured coating formulations, the coating dispersion should 
preferably have a pH similar to that of the established non-flavoured coating dispersion. The 
pH is essential from the perspective of flavour stability, as, for instance, thiamine 
hydrochloride decomposes under alkaline conditions (Dwivedi and Arnold, 1973; Boullata, 
2005). The pH also affects the properties of the polymer in dispersion. This might be seen in 
a changed coating dispersion viscosity, but also in altered dispersion flow characteristics in 
tubes and nozzles while processing the dispersion during coating. Changes related to the 
dispersion pH might also affect the formation of the final polymer films, not to mention the 
properties of the coated substrates. With highly viscous dispersions, it is more likely that the 
dispersion will spread unevenly on the substrate surface, decreasing the coalescence 
tendency of the polymer particles. Viscous dispersions might therefore also lead to rough film 
surfaces and variation in the mechanical strength of the film. Altered dispersion properties 
may also cause variation, for example, in the droplet size of the coating dispersion. Droplets 
with a small size are often spray-dried in the air flow of the coating process, leaving the 
substrate core without an adequate or sufficient polymer film. If the droplet size is enlarged, 
the droplet dispersion may not adequately penetrate the substrate surface, reducing the 
adhesion of the polymer film. Large droplets can also cause overwetting of the substrate 
surface, while an excess of moisture may not adequately evaporate from the substrate core. 
Consequently, moisture can become captured inside the substrates under the polymer film, 
and also cause problems with the coated substrate strength, and the ability to further 
withstand the abrasion and collision of the coating process, leading to core softening, erosion 
and breakage during the coating process. During such problems, new intact surfaces are often 
exposed on substrate core, not to mention that breakage dust may become attached onto the 
surface of other substrates. In all cases, the formation of desired polymer films on substrates 
is inadequate. This affects the appearance, odour and taste, swallowability, shelf life and 
stability of the final product, not to mention the required pharmacological effects and 
biopharmaceutical properties, or desire to avoid side effects.  

The studied pH values of the flavoured dispersions are presented in Table 8. The 
addition of thiamine hydrochloride to the aqueous dispersion clearly decreased the 
dispersion pH. While the pH of the reference, non-flavoured polymer dispersion was alkaline 
(pH 10.1), the pH of the dispersion containing 10% (m/m, on dry polymer) thiamine 
hydrochloride was clearly more acidic (pH 7.2). A similar effect of flavour addition on the 
dispersion pH was seen with the meat precursors L-methionine and L-leucine, and with their 
1:1 binary mixtures with thiamine hydrochloride, this decrease in dispersion pH being in 
accordance with the available literature on flavour effects on the pH of aqueous solutions 
(Applichem, 2016). Compared to thiamine hydrochloride and amino acids, no similar 
information on their pH was currently available for meat flavours. The inclusion of the meat 
flavours 2-acetylpyridine and 2-acetylthiazole caused a slight increase in the dispersion pH, 
while the addition of 4-hydroxy-5-methyl-3(2H)-furanone led to a decrease in the dispersion 
pH. The highest (most alkaline) pH of the study (pH 10.6) was noted for an aqueous 
dispersion containing 2% (m/m, on dry polymer) 2-acetylpyridine. The effect of the flavoured 
dispersion pH was expected to reveal changes in other properties of polymer dispersions, as 
well as in the free films prepared from them.  
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Table 8. pH of the reference, non-flavoured and flavoured dispersions of the study. EPO 
refers to the reference dispersion of Eudragit® E without added flavour. Keys for the 
flavoured dispersions indicating flavour added to EPO: L-leucine (LEU), L-methionine 
(MET), thiamine hydrochloride (TIA), the 1:1 binary mixture of thiamine hydrochloride and 
L-leucine (TIALEU), the 1:1 binary mixture of thiamine hydrochloride and L-methionine 
(TIAMET), 4-hydroxy-5-methyl-3(2H)-furanone (HYD), 2-acetylpyridine (ACEPYR) and     
2-acetylthiazole (ACETIA).  The flavour concentrations used were 0.5%, 2% or 10% (m/m, on 
dry polymer).  
 
Dispersion pH Dispersion pH Dispersion pH 
EPOLEU2%      9.7 EPOTIALEU2%    9.1 EPOHYD0.5%          9.5 
EPOLEU10%    9.0 EPOTIALEU10%  8.0 EPOHYD2%              8.5 
EPOMET2%     8.9 EPOTIAMET2%   9.0 EPOACEPYR0.5%  10.5 
EPOMET10%   8.4 EPOTIAMET10%  7.9 EPOACEPYR2%     10.6 
EPOTIA2%       8.8  EPOACETIA0.5%   10.2 
EPOTIA10%     7.2  EPOACETIA2%       10.4 
 EPO                        10.1  
 

The viscosity of the aqueous dispersions of the non-flavoured, reference polymer 
dispersions is supposed to be similar to water (Evonik, 2009). Moreover, the viscosity 
(dynamic) of aqueous coating dispersions is relatively tightly limited, with a recommendation 
of 3–12 mPa x s. The inclusion of solid components to a proportion of higher than 20% in 
aqueous dispersions may increase the dispersion viscosity (Evonik, 2009). Moreover, the 
sedimentation of particles may affect the viscosity of dispersions and needs to be considered 
through continuous mixing while coating.  

The viscosity (dynamic) values for the studied dispersions are presented in Figure 5. 
As expected, all dispersions displayed Newtonian behaviour, and sedimentation of particles 
did not appear to affect the dynamic viscosity of flavoured dispersions. Moreover, in this 
study, the amount of solids was kept constant (15%) throughout the prepared dispersion 
formulations. Each of the studied dispersions would be suitable for pharmaceutical coating 
applications (spraying), as the dynamic viscosity values were well below the recommendation 
of 12 mPa x s.  However, the viscosity of the flavoured polymer dispersion containing 10% 
(m/m, on dry polymer) thiamine hydrochloride was significantly higher than that of the 
reference, non-flavoured dispersion (p < 0.05).  

Most likely, the increase in viscosity was due to the change in the pH of the dispersion 
following the addition of thiamine hydrochloride. As thiamine hydrochloride is susceptible to 
alkaline conditions, it was also expected that the flavour would decompose under such 
conditions. However, the way the comonomers in Eudragit® E behave is the most applicable 
explanation.  

Eudragit® E is a polymethacrylate copolymer containing comonomers of butyl 
methacrylate, (2-dimethylaminoethyl) methacrylate and methyl methacrylate (1:2:1) (Evonik, 
2009). The films produced from this polymer are insoluble, and only slightly permeable and 
swellable in the neutral conditions of the mouth, becoming soluble in the acidic (pH < 5) 
conditions of the stomach. This is one of the reasons why the polymer has such widely 
established taste-masking efficacy (Hsiao, 1987; Blank et al., 1988; Hoy and Roche, 1993; 
France and Leonard, 1994; Leopold and Eikeler, 1998; Ishikawa et al., 1999; Cumming and 
Harris, 2000; Leopold and Eikeler, 2000; Corbo et al., 2003; Yu and Roche, 2003; Cerea et 
al., 2004; Kayumba et al., 2007; Alshehri et al., 2015; Scoutaris et al., 2015). The 
hydrodynamic interactions and solubility of the polymer depend on the comonomer (2-
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dimethylaminoethyl) methacrylate. This comonomer is structured with a tertiary amine, 
which responds to changes in pH. Under neutral and acidic conditions, the amine ionises. 
The closer the conditions are to the pKa of the comonomer, the more swellable and 
permeable the comonomer becomes, resulting in latex expansion, increased hydrodynamic 
interactions and increased viscosity. In this study, the phenomenon was most clearly seen 
upon the addition of 10% (m/m, on dry polymer) thiamine hydrochloride, which reduced the 
dispersion pH to 7.2, being below the pKa of poly(2-dimethylaminoethyl) methacrylate, and 
was also seen in the most significant increase in dispersion viscosity.    

 

 
Figure 5. The dynamic viscosity values (light grey column) for the reference (EPO) and 
flavoured aqueous dispersions intended for film coating of minitablets. Black and dark grey 
columns describe the dispersion viscosity at a 100 1/s shear rate before (black) and after 
(dark grey) the measurement of dynamic viscosity with a variable shear rate. See Table 8 for 
keys to EPO, EPOACEPYR, EPOACETIA, EPOHYD, EPOMET, EPOLEU, EPOTIA, 
EPOTIAMET and EPOTIALEU. Reprinted with the permission of J. Drug Deliv. Sci. Tec.  
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5.3.2 Effect of flavour on the mechanical properties of the films  

It was evident that films produced from dispersions in which latex expansion and 
increased hydrodynamic interactions leading to an increase in viscosity were taking place, 
would lack mechanical strength and elasticity. In films containing flavours that strongly 
reduced the pH of the dispersion below the pKa of the comonomer, the effect would already 
be seen in fresh free films. However, if these films were moulded from dispersions in which 
the flavour had only a minor lowering effect on the dispersion pH, such effects on film 
mechanical properties would only be revealed in the long term, e.g., during storage. 
Nevertheless, the feasibility of such formulations containing flavours that reduced the 
dispersion pH was estimated to be limited for final tablet coating applications.  

The effect of flavour on the mechanical properties of films was confirmed with the 
results for film mechanical strength and elasticity. The effect was particularly clear for the 
free polymer film containing 10% (m/m, on dry polymer) thiamine hydrochloride as a flavour, 
and was revealed by the mechanical stress–strain curves (median) presented in Figures 6c 
and 6d. Ideally, films suitable for pharmaceutical use would show adequate hardness, 
toughness and flexibility, and therefore have a high tensile strength, moderate elongation at 
break and a high elastic modulus. This is because the films should withstand the stresses of 
future handling and storage to be able to act in the ways they were designed for throughout 
their shelf life. As a film former, Eudragit® E produces intact, soft and flexible polymer films 
with a relatively low value for elastic modulus and a high value for elongation at break 
(O’Donnell and McGinity, 1997). In this study, compared to the reference, non-flavoured 
polymer film, which was pliant, elastic and flexible (both fresh and aged films), films 
produced from dispersions containing 10% (m/m, on dry polymer) thiamine hydrochloride 
as a flavour were very hard and brittle. Together with their large elastic deformation (being 
above 70 MPa for both fresh and aged films), the films were associated with brittleness and 
an immediate film break, as indicated by limited film elongation (Figures 6c and 6d). Such 
information would indicate that the films are unsuitable for pharmaceutical tablet coating 
purposes.  

In addition to thiamine hydrochloride, the flavours of 4-hydroxy-5-methyl-3(2H)-
furanone (2% m/m, on dry polymer) (Figures 7c and 7d), and the binary mixture of 
thiamine hydrochloride and L-methionine (10% m/m, on dry polymer) (Figures 6c and 6d) 
were found to impair the mechanical stress–strain properties of Eudragit® E polymer films, 
and thus, as relatively soft and weak films, would not be suitable for pharmaceutical tablet 
coating. Most likely, the film formulation containing 10% of L-methionine (m/m, on dry 
polymer) (Figures 6c and 6d) and the binary mixture of thiamine hydrochloride and L-
leucine (2% and 10% m/m, on dry polymer) (Figures 6a and 6b; Figures 6c and 6d) as a 
flavour, would also have limitations in pharmaceutical applications, particularly due to the 
short percentage elongation during stress. Such formulations would express strong but brittle 
film properties after storage.  

A rough evaluation of the mechanical stress–strain curves (medians) would most likely 
indicate that an inadequate film mechanical strength depends not only on the effect of 
flavour on the pH of the dispersion, but also on the presence of a sufficient amount of 
polymer. Thus, the addition of large amounts of flavour (here, 10% m/m, on dry polymer) 
replacing polymer would form films insufficient to withstand the stresses of future handling 
and storage. The effect of added flavour on the mechanical strength of the film would also be 
greater if it strongly reduced the pH of the formed dispersion, therefore also affecting the 
comonomer. Large flavour contents, such as 10% (m/m, on dry polymer), should therefore be 
avoided, particularly if such flavours have a strong acidic nature. 
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Figure 6. Mechanical stress–strain curves (medians) and Young’s modulus values obtained 
with the reference, non-flavoured film and the flavoured films (n = 5). The free films were 
stored at RT/43% RH for 3 days (fresh films) and 3 months (aged films). See Table 8 for 
keys to EPO, EPOMET, EPOLEU, EPOTIA, EPOTIAMET and EPOTIALEU. Reprinted with 
the permission of J. Drug Deliv. Sci. Tec.  
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Figure 7. Mechanical stress–strain curves (medians) and Young’s modulus values obtained 
with the reference, non-flavoured film and the flavoured films (n = 5). The free films were 
stored at RT/43% RH for 3 days (fresh films) and 3 months (aged films). See Table 8 for 
keys to EPO, EPOACEPYR, EPOACETIA and EPOHYD. Reprinted with the permission of J. 
Drug Deliv. Sci. Tec.  

      
5.3.3 Flavoured formulations suitable for further development as tablet coatings 

Compared to the reference, non-flavoured films, the flavours in 2% concentration 
(m/m, on dry polymer) had no statistically significant (p < 0.05) effect on the WVTR of the 
films or the Tg of the film-forming polymer. Thus, the focus was placed on the specific 
parameters describing the mechanical properties of the films.  

Sufficient ductility is demanded from an ideal pharmaceutical coating (Felton, 2007). 
Thus, the films need to have an ability to resist strain applied to them prior to failure. 
Moreover, the films are demanded to adequately maintain this ability to resist strain 
throughout their shelf life. As polymer films are often sensitive to physical aging, films that 
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are elastic and ductile prior to storage may over time transform into hard and brittle films 
inapplicable for pharmaceutical purposes. Physical aging of films can be revealed by reduced 
values for elongation at break and increased film strength at yield (Gutierrez-Rocca and 
McGinity, 1993). Aging-dependent film weakening can also be revealed by a decrease in film 
tensile strength after storage.  

The reference, non-flavoured films were considered ideal in this study. Therefore, films 
not significantly differing in their mechanical strength parameters from the reference films 
could be considered suitable for future film coating study purposes. However, such ideal 
properties should be maintained throughout the shelf life of the flavoured film. Together with 
the already presented results on the mechanical behaviour of films under stress (the median 
stress–strain curves of the films), the approximate applicability of the films for 
pharmaceutical tablet coating purposes was confirmed with the calculations for stress–strain 
parameters, resulting in an average of five consecutive successful measurements. These 
parameters are presented in Table 9. Statistically significant differences (p < 0.05) between 
the fresh reference, non-flavoured and the fresh flavoured films in the film strength at yield, 
elongation at break (%) and tensile strength are marked with an asterisk (*) in Table 9. 
Statistically significant differences (p < 0.05) due to film aging (between fresh and aged films) 
are marked with bolded text. Notably, due to the relatively small number of samples (n = 5), 
large variation in film tensile strength values was revealed, and this has to be borne in mind 
when evaluating the results.   

The results confirmed that films with flavour contents of 2% or less (m/m, on dry 
polymer) were most applicable for future tablet coating studies. For films with adequate 
mechanical strength, sufficient amounts of polymer are necessary. Low polymer amounts in 
films, such as in films flavoured with a 10% (m/m, on dry polymer) flavour concentration, 
lead to a weaker ability to resist the applied strain, particularly after storage. Thus, they result 
in weaker or more brittle films with short percentage elongation in comparison to reference, 
non-flavoured films. A shortened percentage elongation is often also combined with high film 
tensile strength values. Such an effect was already revealed by the presented mechanical 
stress–strain curves for films containing 10% (m/m, on dry polymer) flavour (Figures 6c 
and 6d), and was most clearly seen with formulations containing 10% (m/m, on dry polymer) 
thiamine hydrochloride. However, the results presented in Table 9 also suggest that even 
films containing small flavour amounts could show limitations in tablet coating. Such an 
effect was seen with a film formulation containing 2% (m/m, on dry polymer) 4-hydroxy-5-
methyl-3(2H)-furanone as a flavour, as the films readily revealed a hard and brittle film 
behaviour. Careful attention should also be paid to the  statistically significant differences    
(p < 0.05) in film elongation at break (%) for a film containing 0.5% (m/m, on dry polymer)  
2-acetylpyridine as a flavour. This decrease in percentage elongation combined with noted 
information on the increased film strength at yield after storage would indicate that stored 
films containing 0.5% (m/m, on dry polymer) 2-acetylpyridine become hard and appear to 
‘shrink’. Thus, the formulations would not be very suitable as candidates for the coating of 
swelling substrates. In contrast, although a statistically significant (p < 0.05) decrease in film 
elongation (%) after storage was also seen in films containing 2-acetylthiazole (2% m/m, on 
dry polymer) as a flavour, in addition to a noteworthy difference (p < 0.05) in film strength at 
yield after storage, the yield was seen to decrease, similarly to films containing 0.5% (m/m, 
on dry polymer) 2-acetylthiazole and 4-hydroxy-5-methyl-3(2H)-furanone as film flavours. 
Thus, in the coating of non-swelling substrates, each of the studied flavours would be suitable 
for the purpose at a concentration of 0.5% (m/m, on dry polymer), and also, excluding 4-
hydroxy-5-methyl-3(2H)-furanone, in 2% flavoured compositions.  
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Table 9. The film strength at yield, tensile strength and elongation at break (%) values for 
the reference and flavoured films after 3 days (white surface) and 3 months (grey surface) of 
storage. The free films were stored at a RT/43% RH (n = 5). Statistically significant (p < 0.05) 
differences between the reference, non-flavoured film and flavoured film are marked with an 
asterisk (*), and those between fresh and aged flavoured films in bold. See Table 8 for keys 
to EPO, EPOACEPYR, EPOACETIA, EPOHYD, EPOMET, EPOLEU, EPOTIA, EPOTIAMET 
and EPOTIALEU. Reprinted with the permission of J. Drug Deliv. Sci. Tec.  
 
Film Film 

strength  
at yield  
(kPa ± SD) 

Film 
strength  
at yield  
(kPa ± SD) 

Tensile 
strength  
 
(kPa ± SD) 

Tensile 
strength  
 
(kPa ± SD) 

Elongation 
at break  
 
(% ± SD) 

Elongation 
at break  
 
(% ± SD) 

EPO 320 (±60) 303 (±39) 172 (±48) 128 (±62) 94 (±28) 101 (±39) 
EPOACEPYR0.5% 229 (±21)* 358 (±57) 107 (±37)* 140 (±31) 126 (±17) 84 (±16) 
EPOACETIA0.5% 561 (±62)* 246 (±25)* 266 (±40)* 107 (±18) 103 (±20) 78 (±25) 
EPOHYD0.5% 404 (±50) 304 (±40) 224 (±56) 106 (±46) 88 (±24) 92 (±17) 
EPOACEPYR2% 282 (±45) 314 (±37) 181 (±51) 169 (±22) 108 (±16) 119 (±12) 
EPOACETIA2% 387 (±47) 309 (±56) 165 (±26) 112 (±47) 114 (±14) 87 (±20) 
EPOHYD2% 441 (±57)* 360 (±13)* 299 (±34)* 190 (±66) 55 (±19)* 45 (±14)* 
EPOMET2% 366 (±43) 342 (±51) 180 (±23) 138 (±18) 123 (±45) 112 (±31) 
EPOLEU2% 335 (±34) 323 (±34) 197 (±60) 154 (±34) 117 (±40) 114 (±19) 
EPOTIA2% 312 (±47) 298 (±60) 170 (±31) 98 (±25) 98 (±31) 112 (±27) 
EPOTIAMET2% 343 (±35) 347 (±60) 161 (±48) 119 (±28) 107 (±16) 101 (±11) 
EPOTIALEU2% 362 (±53) 370 (±55)* 253 (±37)* 164 (±51) 70 (±10) 74 (±21) 
EPOMET10% 433 (±36)* 347 (±59) 260 (±57)* 208 (±81) 78 (±37) 39 (±31) 
EPOLEU10% 301 (±28) 300 (±48) 153 (±15) 107 (±22) 78 (±24) 72 (±11) 
EPOTIA10% 616 (±52)* 562 (±63)* 303 (±56)* 308 (±61)* 27 (±2)* 16 (±2)* 
EPOTIAMET10% 392 (±52) 405 (±51)* 253 (±54)* 141 (±55) 37 (±9)* 44 (±9)* 
EPOTIALEU10% 259 (±35) 215 (±19)* 172 (±21) 89 (±22) 55 (±13)* 86 (±8) 
 

5.4 Minitablet taste masking: Evaluation of a new pharmaceutical coating 
method (IV) 

5.4.1 Effect of coating method on minitablet properties 

It is well known that an adequate mechanical strength of tablet cores as well as 
appropriate and well-designed tablet compositions are required for substrates put into the 
traditional fluidized-bed coating process, as during coating, the tablets are fluidized and 
exposed to long-term attrition (friction) and collisions, in addition to elevated temperature 
and humidity conditions during polymer spraying and drying. Substrates without sufficient 
core strength will erode and even break during the fluidized-bed coating process. New intact 
tablet surfaces requiring coating will then be exposed, not to mention the particles detaching 
from tablet cores, which may disturb the formation of even polymer films while attaching 
themselves onto undesired surfaces. Moreover, tablet erosion may improve the ability of 
moisture to further intrude inside the tablet core, thus further enhancing core softening, 
tablet erosion and breakage. Inadequate mechanical tablet strength may thus lead to 
variation in the active ingredient content and the disintegration and dissolution of tablets, 
not to mention unexpected changes in tablet weight and height. In addition, traditional 
polymer films for efficient coatings may require high amounts of polymer and thus thick 
polymer films. This leads to a significant increase in tablet weights and a delay in the 
disintegration time.  

In comparison to the dynamics of fluidized-bed polymer film coating, ALD is very 
different. With ALD in a flow-type reactor, nanolayer formation on tablet surfaces is handled 
gently, without any actual collision-related impact on tablets, through precursor (TICl4 – 
water) chemistry and deposition onto the surface of substrates. The substrates are mostly 
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static and only slightly vibrate inside the deposition apparatus. Thus, it was assumed that the 
frictionless nanolayering procedure would lead to the formation of even and thin TiO2 films 
without any destructive effect on the pharmaceutical characteristics of tablets. This 
hypothesis was further strengthened by the decision on minitablet composition, with 
microcrystalline cellulose as the main component, as together with surface moisture, the 
excipient being rich in hydroxyl groups was considered to support the formation of even 
nanolayers. Moreover, compositions containing microcrystalline cellulose were also 
considered to form tablets with an adequate tablet strength for polymer coating in a fluidized 
bed, as the filler forms plastically under compression and thus maximizes its ability to form 
new hydrogen bonds, similarly increasing the mechanical strength and hardness of tablets. 

Table 10 shows the weight, denatonium benzoate content, disintegration time, 
breaking force and height of uncoated and coated tablets. In addition, SEM images of 
uncoated and coated tablets are presented in Figure 8. The unchanged tablet height, weight 
and denatonium benzoate content of ALD TiO2-coated tablets (Table 10), combined with the 
tablet SEM images revealing that the integrity of the ALD TiO2-coated tablet surface remains 
similar to that of uncoated tablets (Figures 8a-d), indicate a gentle coating process. Such 
findings were consistent with the expectations of nanoscale coatings not increasing tablet 
dimensions or weight. However, in contrast to the images of both uncoated and ALD TiO2-
coated tablets illustrating their smooth surfaces, the SEM images of polymer film coated 
tablets revealed rough and eroded tablets, particularly with the coating using the lowest 
studied polymer content (2 mg/cm2) (Figure 8e). Such erosion of tablets also slightly 
reduced the denatonium benzoate content of the polymer-coated minitablets in comparison 
to uncoated tablets. Moreover, as expected, the gradually proceeding polymer coating 
increased the tablet dimensions and weight, these being highest with the minitablets coated 
with 8 mg/cm2 of polymer. The gradual increase in tablet dimensions was well in accordance 
with the expectations for the actual polymer film coating thickness, ranging from some tens 
of micrometres to a few hundred micrometres. The results in Table 10 indicate that coating 
in a fluidized bed expectedly involved high dynamics and stresses, which had impacts 
(softening and eroding) on the coated substrates. The stressing effect of the friction, humidity 
and temperature in the coating process was most clearly seen at the beginning of the coating 
process, before the forming polymer film ‘closed ’ the tablet surface and thus ‘protected’ it 
from further coating process-induced tablet core softening and erosion. Thus, the smooth 
surface of tablets coated with a polymer amount of 8 mg/cm2 clearly differed from the 
perforated surface of tablets coated with a polymer amount of 2 mg/cm2. A similar stressing 
effect of the coating process was not seen in ALD TiO2-coated tablets.  

Polymer coating-induced tablet core softening and surface erosion also affected the 
tablet disintegration rate, as well as the coated tablet hardness (Table 10). In comparison to 
uncoated tablets, a shorter disintegration rate and a lower tablet breaking force were revealed 
for polymer-coated tablets due to the tablet core softening and erosion induced by the 
fluidized-bed coating process. As expected, the tablet disintegration rate slowed down with 
the progressive growth of the film and increased coating thickness. However, softening of the 
tablet core evidently and continuously damaged the tablet cores, as revealed by a decreased 
tablet breaking force among the polymer-coated tablets of the study. The possibility of a 
tablet core softening and eroding effect increases if the coated substrate is composed of 
amorphous and moisture-sensitive excipients, such as hydroxypropyl cellulose or 
crospovidone in the current minitablet formulation. In such cases, the softening of tablet 
cores is also dependent on the process duration (time). Therefore, in the case of our 
minitablets, polymer coating of the tablets in a fluidized bed should be started by spraying a 
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small amount of polymer dispersion onto the tablets, and this should be followed by an 
immediate drying phase. Such a coating procedure would avoid overwetting of the tablet 
cores and should enhance the formation of protective initial polymer films, reducing the risk 
of further interactions with the tablet cores related to fluidized-bed polymer coating. In 
addition, the effect of swelling components, such as the microcrystalline cellulose in this 
study, should be taken into consideration when proceeding with polymer coating of 
minitablets. Having swelling components in the tablet formulation increases the active 
surface area of tablets and thus also the need for a sufficient amount of polymer to cover the 
tablet cores (Mehta, 1997). It can be assumed that such an increase in the active surface area 
would be particularly significant for minitablets, as in comparison to larger tablets, the active 
surface area is already enlarged with minitablets. On the other hand, to overcome the 
challenge related to increased outer surface area, one could also prolong the contact time of 
tablet cores with the polymer dispersion, e.g. by modifying the Wurster column set-up or by 
increasing the coating process time. 

ALD TiO2 coating in a flow-type ALD reactor was described as a gentle tablet coating 
process. Therefore, decreasing effects on the mechanical strength of tablets similar to those 
seen in polymer-coated tablets were not expected for ALD-coated minitablets of this study. 
This was because even the earlier findings on ALD coating for 3-layer tablets described such 
coated tablets as complying with the specifications for tablet hardness and disintegration 
time (Lehtonen et al., 2013). Therefore, it was rather surprising to find in our study that the 
breaking force (tablet hardness) and disintegration rate decreased after ALD coating. A delay 
was a more likely expectation, because in theory, the chosen experimental minitablet 
formulation with free hydroxyl groups presented by microcrystalline cellulose together with 
tablet surface moisture was thought to provide excellent binding sites for TiCl4. This would 
therefore support the formation of even, homogeneous, pinhole-free and moisture-protective 
TIO2 nanolayers covering the tablet core, its voids and crevices, reducing interactions with 
the core surroundings.  

The success of TiO2 ALD coating is very much dependent on the substrate composition, 
structure and properties, and therefore on the phenomena occurring on the heterogeneous 
surface of tablets.  In addition, the mechanism of ALD thin film growth often is not as simple 
or straightforward as outlined in theory. 

Pharmaceutical tablets are commonly compressed from heterogeneous mixtures, and 
the tablet surface is therefore a mixture of a variety of substances, all with a different 
characteristic porosity and interaction ability, e.g. with the surrounding moisture and 
chemicals. Coatings applied onto tablet surfaces are therefore also exposed to multiple 
different components, and the formation of even and pinhole-free nanolayers is thus strongly 
fostered by the surfaces exhibiting a high hydroxyl group density. Moreover, the pore density, 
size and tortuosity of the used tablet excipients affect the formation of nanolayers. Depending 
on the physicochemical characteristics of the materials, the actual active outer surface area 
may vary between materials due to the interaction with moisture. We therefore believe that 
the reason for the unexpected decrease in tablet hardness and disintegration rate can be 
found from the heterogeneity and physicochemical diversity of the chemical components 
present on the tablet surface. First of all, different ingredients in the present study may 
interact with titanium to different extents and via different mechanisms, all affecting the 
formation of the desired nanolayers. Variation in the configuration of hydroxyl groups, and in 
the level of the hydroxyl-grouped excipient surfaces, may complicate the film growth (Ritala 
et al., 1993). Moreover, the chemical behaviour of TiO2 is amphoteric due to differently 
orientated and bonded hydroxyl groups on the TiO2 surface (Parfitt, 1976). On surfaces, this 
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can lead to additional reactions other than with TiCl4. Both mechanisms may add 
incompleteness and unevenness to TiO2 nanolayers. Inadequately protecting nanolayers can 
also be a result of low ALD processing temperatures that commonly induce the formation of 
chemical impurities, such as chlorine originating from TiCl4 (Ritala et al., 1993; Jõgi et al., 
2006), not to mention that the TiO2 films produced at the temperature used in this study are 
in fact amorphous, leading in induced interactions with surrounding moisture. Then, despite 
the lack of agitation or friction-related tablet breakage during ALD processing, a phenomena 
called microerosion on tablet surfaces can take place. Having materials particularly sensitive 
to moisture in ALD-coated substrates increases the risk of microerosion. Exposing such 
materials, like microcrystalline cellulose, crospovidone or hydroxypropyl cellulose in the 
present formulation, to moisture (to the short H2O pulse) during ALD processing, depending 
on the material characteristics, may open up new intact microscale surfaces, pores, voids and 
crevices, forming even more complicated pore networks in the tablet structure. Moreover, the 
risk of microerosion increases at low ALD processing temperatures, as the liberated reaction 
side product, hydrochloric acid gas, adsorbs onto the TiO2 surface and interacts through 
corrosion with the chemicals present on the tablet surface (Ritala et al., 1993). An increase in 
the active surface area through microerosion would also require higher amounts of ALD 
coating, as otherwise, newly exposed surfaces or deepened pore networks would not be 
adequately covered by nanolayers simply due to an insufficient amount of coating precursors. 
Prolonging the exposure time in a TiCl4 pulse could thus be the solution to obtain an 
adequate amount of coating. 
 
Table 10. Results of the tests performed on uncoated, as well as TiO2- and polymer-coated 
minitablets of the study. 
 

Tablet Batch I 
Uncoated 

TiO2 coated, 
100 cycles 

TiO2 coated, 
300 cycles 

TiO2 coated, 
500 cycles 

Uniformity of 
mass 

Average ± 10% 
(Min – Max) 

(mg) 

 
23.0 ± 2.3 

(20.7 - 25.3) 

 
22.7 ± 2.3 

(20.4 - 24.9) 

 
22.8 ± 2.3 

(20.5 - 25.1) 

 
22.7 ± 2.3 

(20.5 - 25.0) 

Uniformity of 
content 

Average ± 15% 
(Min – Max) 

(mg) 

 
8.6 ± 1.3 

(7.3 - 9.9) 

 
8.3 ± 1.3 
(7.1 - 9.6) 

 
8.5 ± 1.3 

(7.2 - 9.8) 

 
8.7 ± 1.3 

(7.4 - 10.0) 

Disintegration 
rate 

Average ± SD 
(s) 

 
48 ± 3 

 
23 ± 2 

 
20 ± 6 

 
19 ± 5 

Tablet breaking 
force 

Average ± SD 
(N) 

 
50 ± 4 

 
45 ± 2 

 
43 ± 3 

 
44 ± 4 

Tablet height 
Average ± SD 

(mm) 

 
2.42 ± 0.02 

 
2.41 ± 0.03 

 
2.40 ± 0.02 

 
2.39 ± 0.02 
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Tablet Batch II 

Uncoated 
Polymer coated, 

2 mg/cm2 
Polymer coated, 

4 mg/cm2 
Uniformity of mass 

Average ± 10% 
(Min – Max) 

(mg) 

 
24.5 ± 2.5 

(22.1 - 27.0) 

 
23.9 ± 2.4 

(21.5 - 26.3) 

 
24.8 ± 2.5 

(22.3 - 27.2) 

Uniformity of 
content 

Average ± 15% 
(Min – Max) 

(mg) 

 
10.0 ± 1.5 
(8.5 - 11.5) 

 
9.8 ± 1.5 

(8.3 - 11.3) 

 
9.6 ± 1.4 

(8.1 - 11.0) 

Disintegration rate 
Average ± SD 

(s) 

 
44 ± 8 

 
16 ± 2 

 
25 ± 3 

Tablet breaking 
force 

Average ± SD 
(N) 

 
61 ± 7 

 
44 ± 3 

 
44 ± 4 

Tablet height 
Average ± SD 

(mm) 

 
2.46 ± 0.05 

 
2.46 ± 0.02 

 
2.51 ± 0.04 

 
Tablet Batch III 

Uncoated 
Polymer coated, 

6 mg/cm2 
Polymer coated, 

8 mg/cm2 
Uniformity of mass 

Average ± 10% 
(Min – Max) 

(mg) 

 
23.3 ± 2.3 

(20.9 - 25.6) 

 
24.4 ± 2.4 

(21.9 - 26.8) 

 
25.5 ± 2.5 

(23.0 - 28.0) 

Uniformity of 
content 

Average ± 15% 
(Min – Max) 

(mg) 

 
10.0 ± 1.5 
(8.5 - 11.5) 

 
9.3 ± 1.4 

(7.9 - 10.7) 

 
9.6 ± 1.4 

(8.2 - 11.0) 

Disintegration rate 
Average ± SD 

(s) 

 
31 ± 3 

 
29 ± 4 

 
50 ± 3 

Tablet breaking 
force 

Average ± SD 
(N) 

 
51 ± 3 

 
37 ± 2 

 
41 ± 3 

Tablet height 
Average ± SD 

(mm) 

 
2.40 ± 0.03 

 
2.49 ± 0.03 

 
2.54 ± 0.02 
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Figure 8. Scanning electron microscopy (SEM) images of an uncoated minitablet (a), ALD 
TiO2-coated minitablets (100, 300 and 500 cycles; b–d, respectively) and fluidized-bed 
polymer film coated minitablets (2, 4, 6 and 8 mg/cm2; e–h, respectively). 
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5.4.2 Taste masking efficacy of ALD-coated minitablets 

The taste-masking efficacy of both polymer and ALD TiO2 coatings on bitter-tasting 
minitablets was evaluated by applying a mouth residence time of 45 seconds and a phosphate 
buffer solution. As the average pH of feline saliva is 7.5 (Awati, 2000), that of dogs varies 
between 7.34–7.80 (Altman and Dittmer, 1968) and in humans the range is from pH 6 to pH 
7.5 (Tenovuo, 1995), a sodium phosphate buffer solution with pH 7.6 was chosen as the 
dissolution medium representing saliva. The buffer solution was chosen merely on the basis 
of the average saliva pH, as well as the desire to find a dissolution buffer that could be easily 
prepared simply by following the advice given in the generally accepted Pharmacopoeia. For 
an effective taste-masking coating, the mouth residence time of 45 seconds, indicating a time 
period without the detection of bitter-tasting denatonium benzoate, was considered adequate. 
The mouth residence time was decided on the basis of the average time that a solid dosage 
form remains in the human mouth, this being relatively short and ranging from a few 
seconds to 30–60 seconds (Joshi and Petereit, 2013). The mouth residence time of 45 
seconds was also considered adequate for felines, as cats typically swallow (nibble) their food 
in small chuncks rather than chewing, and particularly if small dosage forms such as 
presented minitablets were dosed with a sufficient amount of liquid, forcing the tablet from 
the mouth first to the cat oesophagus and then to the stomach.  

Results for the dissolution rate of tablets in vitro (time, 0 s to 1 min 15 s) with the 
cumulative amount of denatonium benzoate released (μg) are presented in Figure 9. As 
expected, minitablets coated with a polymer amount of 8 mg/cm2 were evidently more 
applicable for masking the bitter taste of denatonium benzoate in comparison to minitablets 
coated with smaller polymer concentrations. However, it should be emphasized that better 
taste masking could most likely be achieved with smaller polymer concentrations if the 
softening and erosion of the tablet core was avoided during polymer coating in a fluidized bed. 
For both uncoated and ALD TiO2-coated minitablets, denatonium benzoate release was 
observed at 45 seconds, indicating a release earlier than at 45 seconds. Also, only a negligible 
delay in the release profile of denatonium benzoate for ALD TiO2-coated minitablets was 
observed at 45 seconds. Moreover, in comparison to uncoated minitablets, no statistically 
significant difference (p < 0.05) for bitter taste release within 45 seconds to 1 min 15 seconds 
was found for ALD TiO2-nanolayered minitablets. Therefore, the findings indicated the 
release of a bitter taste before the desired mouth residence time, thus implying that the used 
coating cycles of 100, 300 or 500 cycles in the studied ALD nanolayered minitablets were not 
adequate for effective taste masking. This finding was rather surprising, similarly to the 
unexpected disintegration results for TiO2-coated minitablets, and mostly because Lehtonen 
and co-workers (2013) had already reported a delayed release on TiO2-layered vitamin C 
tablets, not to mention the successful taste and odour masking of ALD-coated soft gelatin fish 
oil capsules (Lehtonen et al., 2013). After carefully evaluating the possible reasons for 
inadequate ALD coating, some already reported by Carlsson and co-workers (Carlsson et al., 
2016), the heterogeneous and porous structure of the tablets was considered the major 
reason causing the unexpected observations for bitter taste release, minitablet disintegration 
and weakened tablet strength. Due to the surface porosity and heterogeneity of the studied 
minitablets, the affinity of excipients to form TiO2 nanolayers, as well as the coating 
precursors depositing onto the deepest and complex tablet voids and pores also formed 
during microerosion, may vary considerably and could thus prevent the formation of 
homogeneous and continuous TiO2 nanolayers.  
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Figure 9.  Dissolution profiles of uncoated minitablets, ALD TiO2 (100, 300 and 500 cycles) 
thin-coated (left) and fluidized-bed polymer film coated (2, 4, 6 and 8 mg/cm2 of polymer) 
(right) minitablets (n = 4). The dissolution curves describe the cumulative release (µg) of 
denatonium benzoate from minitablets at the beginning of the dissolution rate study. Figure 
symbols for tablets: uncoated (triangle, black); ALD TiO2-coated (square), white (100 cycles), 
light grey (300 cycles), dark grey (500 cycles); polymer coated (circle), white (2 mg/cm2), 
light grey (4 mg/cm2), dark grey (6 mg/cm2), black (8 mg/cm2).    
 
5.4.3 Surface content analysis 

To explain the unexpected lack of delay in the dissolution and disintegration behaviour 
of ALD TiO2-coated minitablets, an analysis to determine the tablet surface content was 
conducted for both uncoated and ALD TiO2-coated (500 cycles) minitablets through 
elemental mapping using the technique of SEM-EDS. One of the most important findings 
was the Ti and Cl signals, which were in accordance with the intensities of elements of 
calcium and phosphorous found on the porous surface of whole TiO2-coated tablet. In 
accordance with the ALD coating theory, no signal of titanium was found on the uncoated 
tablet surface. Following the theory on hermetic ALD coating, the finding on ALD-coated 
tablet suggests that a TiO2 nanolayer was formed on the studied minitablet surface, and that 
the layer was integral and entirely covered the various areas, leaving no disruptions in the 
coating over the linescan on the ALD TiO2-coated minitablet surface. Moreover, the 
elemental mapping for the cut TiO2-coated minitablet indicated a very strong titanium signal 
on the minitablet surface that rapidly decreased when moving towards the minitablet core. 
This could indicate that the TiO2 precursors followed ALD coating theory by reaching and 
diffusing into the voids and pores existing on the tablet surfaces. The estimated diffusion 
length was approximately 100–200 µm. Unfortunately, although titanium was found on the 
tablet surface and even appeared to penetrate the tablet core, due to the porous structure of 
the tablets, it was impossible to determine the interface between the minitablet core and 
nanolayer. Thus, the actual nanofilm thickness was not analysed. Nevertheless, due to the 
very clear and precise Ti signal on the tablet surface in combination with the knowledge on 
the theoretical nanolayer thickness of 10 µm, this was not considered a significant setback.  

Most interestingly, following the porous tablet surface morphology presenting grey-
white and dark areas (spots) on the tablet, changes in the intensity of the Ti signal in relation 
to the tablet surface colour were revealed. Firstly, in comparison to the dark spots, a more 
intense signal for phosphorous and calcium was revealed for bright tablet surface areas. The 
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signal for phosphorous and calcium on grey-white areas refers to the excipient calcium 
hydrogen phosphate dihydrate used as a tablet filler and flow-improving excipient in the 
current tablet formulation. Notably, the signal for phosphorous and calcium was also 
followed by an increase in the manifestation of titanium. The difference in the titanium signal 
intensity between white and dark tablet surface areas was found to be notable and in contrast 
to other surface elements, and was clearly the highest on the white surface areas, together 
with phosphorous and calcium.  

The finding on a more intense titanium signal on grey-white tablet surface areas was 
considered significant, as it could indicate that certain excipients, here calcium hydrogen 
phosphate dihydrate, could be nanolayered with TiO2 more easily than others. Differences in 
Ti signals on the tablet surface could also indicate an uneven formation of nanolayers on the 
heterogeneous surface of minitablets, which could lead to limited moisture protection and 
changes in minitablet performance regarding tablet disintegration and the dissolution rate. 
On the other hand, it should also be taken into account that the differences in the Ti signal 
intensity could also be due to the porous structure of the tablet surface, and due to the 
inability of SEM-EDS to detect titanium from the deepest voids or pores. Thus, titanium 
might be present in the pores and voids, but the used technique was not able to detect this. 
Also, the presence of a chlorine signal on the tablet surface could be significant, as it gives 
rise to questions related to the corrosion and microerosion of the tablet surface. The amount 
of residuals such as chlorine could be reduced by increasing the ALD coating temperature up 
to and even over 200 °C (Ritala et al., 1993). However, as many pharmaceutical substances 
and excipients are thermally sensitive, the use of high temperatures is limited. 

It is possible that heterogeneous minitablet formulations affect the formation of TiO2 
layers. Therefore, the moisture protective capacity of the expected layers for taste-masking 
purposes may be limited. On the other hand, microerosion of tablet surfaces due to by-
products of the ALD coating process or the moisture interactions of the used tablet excipients 
might be the reasons for such unexpected results concerning the taste-masking capacity.  
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6 Conclusions 
Concerning the aim to improve the palatability of feline medication, the results of this 

thesis research were found encouraging.  
 

 
§ For minitablets, the most important result of the new feline behavioural test using 

ordinary domestic pet cats and pet owners in their normal home surroundings was 
that the acceptability of small placebo tablets could be considered higher than the 
acceptability of the food known to be unpalatable, as the tablets were accepted when 
hidden inside appealing food. Moreover, the results indicated that the minitablet 
palatability in the form of odour or taste still needed improvement. In addition, as an 
interesting side note, the positive feedback given by cat owners on the studied 
minitablets concerning their manageability in actual and traditional pet medication 
surroundings was also considered encouraging for the improvement in pet owner 
compliance. Therefore, for future studies, it is essential that product palatability 
testing is conducted within the actual target group, i.e. domestic pet cats and their 
owners, and preferably in their actual living conditions (home) to obtain the most 
accurate test results. In addition, the studies on minitablets presented here should be 
continued to improve the taste and/or odour of the minitablets. Moreover, new 
innovations in minitablet dosing techniques, such as pill-guns, could also be 
evaluated. This could be approached by the inclusion of a small amount of ‘flavoured 
water’ into such a device, the flavour being selected according the preference of the 
cat, and the ‘flavoured water’ gently dosing (‘shooting’) the tablet into the cat’s mouth 
and on to the oesophagus. The nose of such a device could also be ‘flavoured' for 
improved odour and feline acceptance.  

§ Flavours considered feline-specific and of non-natural and synthetic origin, i.e. the 
flavours of L-methionine, L-leucine, L-proline and thiamine hydrochloride, were 
brought into research on the formulation of pharmaceutical minitablets as candidates 
for feline medication flavouring substances. Of these, the flavours of L-methionine,  
L-leucine and thiamine hydrochloride could be considered the most stable and 
compatible candidates for minitablet flavouring substance components, and 
particularly in the presence of the studied excipients. In the future, the palatability of 
these flavours or their combinations should be investigated in final minitablet 
compositions. In addition, flavour compatibility and stability should be evaluated in 
their final product compositions, under ‘stressed study conditions’, and with well-
established techniques such as HPLC. Moreover, the taste-masking capacity of the 
flavours in minitablets containing drug substance(s), preferably in 3–4 drug strengths, 
should also be evaluated. 

§ New flavoured polymer film coating formulations for minitablet coatings were 
developed using flavours considered specific to the feline carnivorous nature. 
Evaluation conducted on the meat precursors L-methionine and L-leucine, thiamine 
hydrochloride (vitamin B) and mixtures thereof, and on the meat flavours 4-hydroxy-
5-methyl-3(2H)-furanone, 2-acetylpyridine and 2-acetylthiazole in the presence of the 
commonly used polymethacrylate copolymer Eudragit® E and its aqueous 
formulations demonstrated that the quantity of the flavours added has to be kept 
limited (preferably <2%, m/m on dry polymer). In addition, the inclusion of flavours 
with a strong acidic nature, such as thiamine hydrochloride, should be avoided. The 
most suitable candidates for flavoured polymer film formulations, and also for future 
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research on pharmaceutical coating (spraying), were the meat flavours                         
2-acetylpyridine and 2-acetylthiazole. However, the applicability of such formulations 
for pharmaceutical production should be confirmed during actual tablet coating, and 
furthermore, the palatability of such tablets intended for felines should be confirmed.      

§ The applicability of a thin film coating method based on atomic layer deposition for 
taste masking of minitablets was evaluated using the established taste masking 
technique of polymer film coating as a reference. With the studied deposition 
conditions, precursors and equipment, the method was not considered adequate for 
minitablet taste masking. However, ALD is a very interesting technique, and research 
should be continued, starting from TiO2-coated single tableting excipients, with and 
without processing (e.g., granulation), and then continuing to simple, and 
furthermore, to more complicated excipient–drug substance mixtures. In addition to 
the precursor, TiCl4, the flow-type ALD coating device and the coating parameters 
presented here, research on other conditions should also be conducted. The toxicity 
and safety concerns related to the precursors and coating by-products should also be 
taken into consideration.  

 
Minitablets are an interesting choice for peroral medication. However, before such 

dosage forms can be placed onto the market, their desired quality has to be confirmed for 
various factors and characteristics. Currently, the necessary analyses to be performed on 
different pharmaceuticals generally rely on the analysis methods and requirements described 
in the globally accepted Pharmacopoeia. However, the currently described testing methods 
and devices unfortunately do not often adequately take the existence of small solid dosage 
forms such as minitablets into consideration. Therefore, even the most simple and basic 
analyses that need to be conducted on such dosage forms can be complicated and difficult, 
and require additional laborious and time-consuming methods, as well as device 
modifications, even leading to situations where analysis has to be performed with in-house 
methods requiring additional regulatory confirmation and validation. In the future, 
concentrating on more basic and simple analysis methods and devices intended for 
miniaturiazed products such as minitablets, and bringing these to common knowledge, even 
to the Pharmacopoeia, would be practical and worth the research. Increasing numbers of 
applications using small and even miniaturized dosage forms are certainly needed for 
patients. Means to support the research and development of such interesting dosage forms 
are required, not only when developing veterinary medication, but also for the treatment of 
special patient groups among humans.  
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