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Abstract 

Background: Administering oral medication to 
cats poses significant challenges, particularly due 
to their acute sensitivity to odours, which can 
hinder acceptance of drug-infused food. Methods: 
This study investigated the palatability of 
lipopolysaccharide (LPS) supplement, with or 
without, flavoured semi-liquid treats for cats, in 
five domestic shorthair cats using a two-bowl 
preference test conducted over seven days. Key 
behavioural metrics included first approach, first 
consumption, total approach, total intake, and 
intake ratios. Additionally, a sensory evaluation 
was conducted with human participants (n=18) to 
assess the aroma acceptability of treats formulated 
with either salmon or sprat. Statistical analyses 
included Chi-Square tests for approach and 
consumption frequency, one-way ANOVA for total 
consumption, and descriptive statistics for sensory 
outcomes (p<0.05). Results: A consistent 
preference for salmon-based treat, with or without 
LPS, reflected in higher consumption frequencies 
and intake ratios (0.76 and 0.74, respectively), 
compared to sprat-based and LPS-only options. 
Human sensory ratings also favored the aroma of 
salmon-based over sprat-based treat. 
Conclusions: These findings underscore the 
critical role of palatable formulations—
particularly salmon—in improving voluntary 
ingestion of medicated supplements and 
enhancing compliance in feline care. 

Keywords 
 
Aroma, Lipopolysaccharide, Medicine wastage, 
Cat treats, Palatability, Two-bowl method 
 
1. Introduction  

 
Cats are widely recognized for their 

remarkable adaptability to compact environments, 
autonomous behavior, and minimal care demands. 
They offer emotional comfort, companionship, and 
affection, which in turn nurtures a sense of 
responsibility in their owners. Numerous cat 
owners report forming bonds with their pets that 
resemble familial or close friendships, 
underscoring the profound emotional ties that may 
arise between felines and their human 
counterparts [1]. Despite these benefits, cats are 
susceptible to a range of health conditions that 
often necessitate either therapeutic or palliative 
interventions. Administering such treatments 
poses significant difficulties for caregivers. 
Compliance with veterinary-prescribed 
medication regimens remains a largely 
underexplored area in feline health management. 
Owners frequently encounter challenges when 
medicating uncooperative cats, which may result 
in physical harm, incomplete dosing, and broader 
concerns such as the emergence of antimicrobial 
resistance [2]. A variety of techniques are 
employed to deliver oral medications, including the 
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"poke down" method—placing the drug at the base 
of the tongue, followed by closing the mouth and 
gently massaging the throat to prompt swallowing. 
Another frequently used strategy involves 
concealing medication within food; however, this is 
not always effective, particularly when drugs must 
be administered on an empty stomach or possess a 
bitterness that cannot be easily camouflaged [3]. 
Moreover, many cats exhibit aversion to physical 
restraint, adding further complexity to the 
medication process [4]. 

 
In optimal scenarios, medications should be 

consumed voluntarily, particularly when gentle 
handling is required due to the animal’s medical 
condition [5]. For voluntary ingestion to be 
successful, the formulation must be palatable. 
Palatability encompasses the sensory and 
chemical characteristics of a substance that 
influence an animal’s pre-ingestive behavior, and 
it plays a vital role in determining acceptance of 
food or medication products [6]. This concept 
involves multiple sensory factors, including visual 
appearance, smell, mouthfeel, and taste, all of 
which stimulate gustatory and olfactory receptors 
that contribute to the animal’s flavor perception 
[7,8]. Felines exhibit a unique palatability profile, 
primarily shaped by their taste receptor 
physiology. Despite possessing only around 470 
taste buds—a number lower than that found in 
humans and various other species—cats 
demonstrate a marked sensitivity to bitter flavors, 
a trait that often underlies their reluctance to 
accept medicinal compounds [9]. Moreover, 
olfactory cues are a key factor in food acceptance, 
as the nasal cavity's scent receptors, together with 
the vomeronasal organ (Jacobson’s organ), provide 
heightened scent sensitivity in both felines and 
canines [10,11]. 

 
Further complicating the situation, a 

significant number of cat owners report receiving 

insufficient instructions from veterinarians 
regarding proper medication administration 
techniques. As noted by [2], approximately half of 
surveyed cat owners stated they either 
"sometimes" or "never" received guidance on how 
to administer prescribed treatments. Additionally, 
one-third of respondents were not advised on 
whether medications could be delivered with food, 
and only a minority received information about the 
appropriateness of crushing tablets or opening 
capsules. Providing clear and comprehensive 
instructions is vital for effective communication 
and for ensuring optimal therapeutic outcomes in 
companion animal care. Considering the existing 
challenges—such as issues with palatability, the 
need for physical restraint, and communication 
gaps—it is crucial to investigate alternative 
strategies. The present study aims to evaluate the 
use of flavored semi-liquid treats, specifically those 
incorporating salmon or sprat, as a potential 
means of enhancing medication palatability, 
streamlining the administration process, and 
reducing the likelihood of injury to both cats and 
their caregivers. 
 
2. Materials and Methods 
 
2.1 Research location, study period, 
and animals 

 
The study involved five neutered, adult 

domestic shorthair cats, consisting of two males 
and three females, with a median age of two years. 
The cats’ body weights ranged from 3 to 4 kg, with 
a median weight of 3.5 kg. A detailed history of 
cats is provided in Table 1. The cats, which were 
exclusively housed indoors together, were owned 
by a single individual who voluntarily consented to 
their inclusion in the study. These cats were 
housed in an individual cages (in the same room) 
at the Animal Research Facility within the Faculty 
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of Veterinary Medicine at Universiti Putra 
Malaysia from September 4 to September 14, 2023. 
To ensure the health and welfare of the cats 
throughout the experimental period, routine 
physical examinations were carried out by a 
licensed veterinarian. These examinations took 
place at both the commencement of the study and 
at regular intervals during the research, ensuring 
that the well-being of the animals was 
continuously monitored. 
 
2.2 Acclimatization and palatability 
test 
 

An acclimatization period of one week was 
provided, during which the cats were given 
unrestricted access to their habitual diet—seafood-
flavoured dry kibble of the same commercial brand 
routinely provided by the owner. The kibble was 
administered twice daily, at 6 a.m. and 6 p.m., 
throughout this period. Upon completion of the 
acclimatization phase and for the remainder of the 
study, the quantity of kibble offered was adjusted 
based on the calculated maintenance energy 
requirements (MER) expressed in kilocalories per 
day (kcal/day), as determined using the approach 
described in [12]: 

 
MER (kcal/day) = 70* (Body weight kg)0.75 

 
To evaluate the palatability of the LPS 

supplement and treats, a two-bowl test was 
conducted following the protocol described by [13], 
with modifications. Briefly, cats were offered two 
identical bowls (round, plastic, double-feeding 
dish) simultaneously, each containing either the 1) 
LPS only, 2) flavoured semi-liquid treat for cats—
specifically Sprat or Salmon, or 3) combination of 
LPS and treat over a one-week period. The LPS 
was administered in powder form (white, 140 mg 
per tablet; dosage: two tablets per 5 kg body 
weight), while the treats were provided in a semi-
liquid form (4 g per sachet; one sachet per cat). To 
ensure consistency, all test feedings were 
conducted at 8 a.m. and 8 p.m., precisely two hours 
following the provision of standard kibble. Both 
the LPS and the treats were obtained from a 
commercial supplier, the identity of which remains 
undisclosed. Where necessary, two tablets of LPS 
were crushed and blended with the treats to 
facilitate administration. 
 

Over the course of seven days, each cat was 
presented with various combinations of treats and 
LPS. The schedule was as follows: Day 1 (A and B), 
Day 2 (A and C), Day 3 (C and D), Day 4 (B and C), 
Day 5 (B and D), Day 6 (A and D), and Day 7 (A or 
B with E). In this context, (A) represented Sprat 
treat; SpT, (B) Salmon treat; SaT, (C) SpT + LPS, 
(D) SaT + LPS, and (E) LPS alone. During the test, 
the treats and LPS (either individually or 
combined) were placed in labelled bowls (1 and 2). 
Consumption was observed qualitatively for a 
period of 30 minutes (finished or unfinished). To 
minimize any potential bias, the bowl placement 
was alternated during the evening trial. 
 
2.3 Human volunteer olfactory 
assessment 
 

A total of 18 volunteers were presented with 
random samples of Salmon- or Sprat-based treats 
and instructed to evaluate the odor using a rating 
scale from 1 to 4, where 1 indicated the least 
pleasant scent and 4 indicated the most pleasant. 
To minimize potential bias and neutralize the 
olfactory effects of the previous sample, volunteers 
were provided with coffee beans to sniff between 
evaluations, allowing them to reset their sense of 
smell before proceeding with the next sample. 
 
2.4 Statistical analysis 
 

Data analysis was conducted using Statistical 
Software for Social Sciences (SPSS) for Windows, 
Version 19.0 (SPSS Inc., Chicago, USA). The Chi-
Square test was utilized to assess the variables 
"First Approached" and "First Consumed," while 
the "Total Consumption" variable was examined 
using one-way analysis of variance (ANOVA). 
Descriptive statistics were applied to the data 
collected from the human sensory evaluation, and 
statistical significance was established at a 
threshold of p<0.05. 
 
3. Results 
 

The data from the "First to Approached" (Fig. 
1.) measure clearly indicate that cats showed a 
significant preference for Salmon-based 
formulations, both with and without LPS, 
compared to Sprat-based options and LPS alone 
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(p<0.05). The highest levels of initial engagement 
were observed with SaT and SaT + LPS, while the 
Sprat-based options exhibited more inconsistent 
responses, and LPS alone was the least attractive. 
These findings underscore the superior 
palatability of salmon-based treats in capturing 
the cats' attention. This has practical implications 
for the development of pet products, suggesting 
that salmon-based treats, particularly when 

paired with functional ingredients like LPS, may 
enhance initial interest and promote voluntary 
intake. The statistical significance of the results 
(p<0.05) further confirms the strong preference for 
salmon, which could be an important consideration 
for creating more effective products aimed at 
improving feline health and medication adherence. 
 

 

 

Fig. 1. Cat preferences for first approached in a two-bowl test over seven days. 

Figure 2. Cat preferences for first consumed in a two-bowl test over seven days. 
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The "First to Consumed" data (Fig. 2.) showed 
that salmon-based formulations, particularly SaT 
and Sat + LPS, were consistently consumed first, 
indicating high palatability. In contrast, Sprat-
based options were less accepted, and LPS alone 
was never consumed. These differences were 
statistically significant (p<0.05), highlighting the 
preference for salmon-based treats. 
 

The "Total Approached" data (Fig. 3.) revealed 
that SaT and SaT + LPS were approached more 

frequently (17 and 19 times, respectively), 
indicating a strong preference for Salmon. In 
contrast, SpT and SpT + LPS were approached less 
often (14 times each), and the LPS-only treatment 
was the least approached (2 times), suggesting low 
palatability. These results, with p<0.05 considered 
statistically significant, emphasize the importance 

of palatability in promoting approach behavior. 
The strong attraction to Salmon-based treatments 
suggests that enhancing sensory appeal, 
particularly through Salmon, could improve the 
effectiveness of pet products, especially in 
medication adherence. 
 

The "Total Consumed" data (Fig. 4.), with 
p<0.05 considered statistically significant, shows 
that Salmon-based treatments (SaT: 13 and SaT + 
LPS: 14) were consumed the most, highlighting the 

strong palatability of Salmon. In contrast, Sprat-
based treatments (SpT and SpT + LPS) were 
consumed only seven times each, suggesting lower 
palatability and acceptance. The LPS-only 
treatment was not consumed at all, further 
reinforcing its lack of appeal. These results 
emphasize the practical implication that 

 

 

Figure 3. Total approached counts for treats and LPS across the study period. 
 

Figure 4. Total consumed counts for treats and LPS across the study period. 
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combining a highly palatable treat like Salmon 
with supplements (such as LPS) can significantly 
increase consumption. 

 
The "Intake Ratio" data (Fig. 5) reveal notable 

differences in consumption rates among the 

treatments. SaT had the highest intake ratio 
(0.76), indicating its strong palatability, with SaT 
+ LPS showing a slight decrease (0.74) due to the 
addition of LPS. These differences were 
statistically significant (p<0.05), suggesting that 
while the addition of LPS reduced the intake 
slightly, the combination still maintained high 
palatability. In contrast, SpT and SpT + LPS had 
lower intake ratios (0.50), highlighting the lower 
appeal of Sprat. The LPS-only treatment had an 
intake ratio of 0.00, emphasizing its lack of 
attractiveness. 
 

A total of 18 participants participated in the 
sensory survey. Table 2 summarizes their 
perceptions of the aromas of two types of treats: 
Sprat and Salmon. The aroma of each treat was 
rated on a 1 to 4 scale, where 1 indicated the least 
pleasant and 4 the most pleasant. The results 
demonstrated significant differences in the aroma 

perceptions of the two treats. Overall, most 
participants found the aroma of SaT to be more 
pleasant than that of SpT. 
 
 

4. Discussion 
 
In this study, the two-bowl test was adapted to 

evaluate the palatability of lipopolysaccharide 
(LPS) supplement, with or without, flavoured 
semi-liquid treats for cats. The assessment 
incorporated various parameters, as defined by 
[14], including measures of "First Approached," 
"First Consumed," "Total Approached," "Total 
Consumed," and "Intake Ratio." Additionally, a 
sensory evaluation was conducted to assess the 
acceptability of the treat aromas by human 
participants. 

 
The results demonstrated that cats consistently 

showed a marked preference for SaT + LPS, as 
opposed to plain SaT or SpT. On the other hand, 
LPS administered alone was notably aversive to 
the cats. These findings suggest that SaT may 
enhance the palatability of LPS when combined. 

 

 

Figure 5. Intake ratio of treats and LPS among cats. 
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Moreover, the cats displayed a stronger preference 
for SaT over SpT, aligning with prior research that 
suggests cats generally favour fish, especially 
salmon, over other flavours commonly found in 
commercial cat foods, such as liver, chicken, beef, 
or even rats [15]. Several factors influence feeding 
behaviour and preferences in cats, including 
flavour, aroma, texture, temperature, appearance, 
and size [9; 11]. 

 
Aroma appeared to be the dominant factor 

influencing the palatability of treats for cats, as 
indicated by the "First Approached" and "Total 
Approached" results. Most cats were attracted to 
SaT, whether with or without LPS. Similarly, the 
human sensory assessment revealed that SaT’s 
aroma was generally rated as more pleasant than 
that of SpT. While these findings are significant, 
palatability involves both aroma and flavour [16], 
with flavour not being assessed in this study by 
human participants. Unlike humans, cats possess 
highly developed olfactory abilities [17] and rely on 
both aroma and taste to select their diets. Cats' 
olfactory systems are especially responsive to high-
protein foods and fatty acids, which are abundant 
in salmon. As noted by [11], cats utilize their 
olfactory senses to detect and process various 
environmental chemicals, enabling them to 
distinguish both familiar and novel odours. 
Furthermore, the volatile compounds released by 
salmon during cooking likely contribute to its 
appeal to cats [18]. This heightened olfactory 
sensitivity may explain the cats’ selective 
attraction to aromas. 

 
Additionally, the protein content in treats may 

also play a role in palatability. SaT contains a 
higher protein content (10.5%) and lower 
carbohydrate content (1.4%) compared to SpT 
(protein: 7.9%, carbohydrate: 1.6%). Cats generally 
prefer high-protein and high-fat foods while 
avoiding those high in carbohydrates [19]. 
Research by [20] indicated that protein content 
significantly influences the amount of food 
consumed by cats, suggesting that they prioritize 
protein over carbohydrates, which is consistent 
with the current study's findings. Cats' low 
carbohydrate intake is associated with various 
sensory and metabolic adaptations, including the 
absence of sweet taste receptors, which prevents 
them from perceiving sweet flavours [19]. This is 
attributed to the pseudogenization of the T1R2 
receptor. In contrast, cats have more sensitive 
umami receptors than humans, allowing them to 

detect a broader range of amino acids. As obligate 
carnivores, cats do not encounter sweet compounds 
in their diet, but their ability to detect proteins and 
amino acids is crucial for their nutritional needs 
[21]. Previous studies have demonstrated that cats 
favour foods with pronounced "umami" or savoury 
flavours, typically associated with high 
concentrations of amino acids [14, 20, 22]. 
Additionally, cats can recognize diets that meet 
their specific nutritional requirements, 
particularly their higher protein and amino acid 
needs, with taurine supplementation often 
included to ensure adequate intake [23]. 

 
Another factor influencing palatability is a cat's 

prior exposure to food, linked to neophobia and 
neophilia. Cats tend to show greater acceptance 
and preference (neophilia) for foods they are 
familiar with, while unfamiliar foods may induce 
hesitation or initial rejection (neophobia) [24]. 
Studies of feline food preferences support this 
notion, showing that when presented with 
multiple food options, cats often choose based on 
sensory properties such as aroma, flavour, and 
texture, as well as their past dietary experiences 
[25]. Maternal influences also shape food 
preferences in cats [18]. Kittens raised on a single 
food type are more likely to develop neophobia 
when exposed to new foods, whereas those exposed 
to a variety of meats early in life are less likely to 
exhibit this behaviour [26]. Domestic cats 
frequently show a preference for novel foods over 
their regular diet, although their exploratory 
behaviour does not always apply to all new foods, 
even those that meet their nutritional needs [27]. 

 
Overall, these findings have direct implications 

for product development in the pet food industry. 
The demonstrated preference for salmon-based 
treat suggests that incorporating highly palatable, 
high-protein ingredients such as salmon can 
enhance the acceptance of functional treats or 
supplements, particularly those containing 
bioactive compounds like LPS. This may guide the 
formulation of more effective, voluntarily 
consumed medication-delivery systems for 
companion animals. 

 
5. Conclusions 

 
The use of treats in this study revealed a clear 

feline preference for salmon over sprat, with the 
addition of LPS further enhancing overall 
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palatability. These findings align with previous 
research indicating that cats favor fish-based 
flavours, particularly salmon, and suggest that 
functional additives like LPS can be more readily 
accepted when delivered in a palatable matrix. To 
gain a more comprehensive understanding of 
feline dietary preferences, future research should 
explore additional variables such as food 
temperature, texture, and presentation. 
Importantly, these results highlight the potential 
clinical applications of treats. By improving the 
palatability of medications, treats offer a 
promising strategy to enhance treatment 
compliance in cats, especially for chronic or long-
term therapies. This approach could simplify 
medication administration for pet owners and 
contribute to more effective veterinary care. 
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