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Simple Summary: There are many products that are targeted to pet owners. One category of these
products is dog repellents—strongly aromatized solutions designed to stop dogs from approaching
and investigating particular areas; the second are cosmetics which should be pleasant for dogs. Dogs
have a particularly sensitive sense of smell; therefore, strong scents may be very intense, and not
always pleasant, stimuli. It is truly interesting, then, that canine cosmetic products often have very
strong fragrances designed mostly to appeal to the dog owners, rather than to the dogs themselves.
Indeed, the scents that dogs choose to put on their fur differ strongly from those of common cosmetics.
Dogs choose mostly intense, animal-derived smells, such as feces or carcasses, so there is a need to
differentiate between canine and human smell preferences. As there is limited scientific data related
to canine smell preferences, the purpose of this study was to verify dogs’ reactions to selected scents,
which can also be appealing to humans. Our study shows that dogs were more likely to interact with
the scents of blueberry, blackberry, mint, rose, lavender, and linalol.

Abstract: The available evidence on dogs’ scent preferences is quite limited. The purpose of this
study was to verify the canine response to selected odors that may also be preferred by humans. The
experiment was performed using 14 adult dogs (10 female and 4 male) of different breeds, body
size, and age (1–14 years). During the experiment, dogs were exposed to 33 odor samples: a neutral
sample containing pure dipropylene glycol (control) and 32 samples containing dipropylene glycol
and fragrance oils. The dog was brought to the experimental area by its handler, who then stopped at
the entrance, unleashed the dog, and remained in the starting position. The dog freely explored the
area for 30 s. All dog movements and behavior were recorded and analyzed. The methodology of
observing the dogs freely exploring the experimental area allowed us to determine the smells that
were the most attractive to them (food, beaver clothing). Our study shows that dogs interacted more
frequently with the scents of blueberries, blackberries, mint, rose, lavender, and linalol.

Keywords: dog; olfaction; smell preferences; cosmetics repellents

1. Introduction

Since smell plays such an important role in the life of dogs, gaining an insight into
their perception of olfactory communication is an important step in understanding how
they experience the world. The perception of smell in most mammals is directly influenced
by the structure of the olfactory organ itself. It is made up of two main parts, the main
olfactory system and that responsible for the detection of semiochemicals, the vomeronasal
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organ (VNO), also called the Jacobson organ, which each have separate access routes for
fragrances [1–3] and communicate with other centers within the central nervous system [4].
In consequence, signals originating from the main olfactory system and the VNO are
distinct [5]. This phenomenon allows the detection and recognition of more fragrances than
could be predicted on the basis of the number of olfactory receptors alone [6].

In dogs, air is directed to the nose in two separate streams—the respiratory stream and
the olfactory stream. During inhalation, the air travels through the top of nasal cavity, and
odor particles are deposited on the porous bone structure. While exhaling, the air moves
through the lower part of the nasal cavity without disturbing the previously deposited
fragrance particles [7]. The epithelium within the main olfactory organ can be divided into
two types: the respiratory epithelium and the olfactory epithelium. The main function of
the respiratory epithelium is to heat, purify, and moisturize the air entering the nasal cavity,
which is facilitated by a layer of mucus on the surface of the epithelium and by ciliated
cells [8]. The olfactory epithelium is darkly pigmented and is located on the upper surface
of the upper and middle turbinate and in the nasal septum. It is composed of bipolar
olfactory cells and support cells that enable it to perform olfactory functions [1,9].

Taking into account the role of olfaction in the canine world, it is likely that dogs
could experience a much higher level of exposure to odorants which could be recognized
as unpleasant, due to sharing a house environment with their owners. Few available
reports suggest, however, that taking into account canine smell preferences could be an
important element of enriching and improving the environment shared by the dogs with
humans [10]. Moreover, there are data available proving the fact that animals can not only
detect and recognize the odor, but also some preferences can be observed based on the
animal’s previous experience [11].

Even though the human sense of smell is much less sensitive, and olfaction seems to
play a much lesser role in our lives compared to that of animals, and particularly dogs, there
is a surprisingly high number of publications dedicated to smell preferences in humans,
compared to the extremely low number of similar publications dedicated to dogs [12–21].
Further, in other species, such as mice, in which olfaction plays a crucial role in many
aspects of life, there are a number of publications related to olfaction, including smell
preferences [22,23].

It seems very important to think about smells which, in normal life, are imposed
upon a dog’s closest environment. Attractiveness of these smells, as well as individual and
general dog preferences regarding scents in, for example, animal cosmetics, could have a
huge impact on an animal’s everyday welfare and condition.

Smell preference is choosing between different ways to meet the same need. It is
based on an ability to evaluate sets of simultaneously available alternatives that satisfy the
same motivation and to gravitate towards the most desirable option. A preference may be
specific to, and refer to, the difference in motivational strength to get one resource over
another, or others. Thus, preferences have a direct impact on an animal’s choices, and thus
on its actions. The choice between one resource and another is therefore a decision made
on the basis of an analysis of both motivation and preferences. There can be many factors
influencing the final choice made by an animal, which is why determining the unequivocal
preferences of animals in scientific research can be a challenge.

In laboratory testing on factors that can influence behavior, treatment animals that
are exposed to the factor or factors of interest, are contrasted to reference observations. In
some experiments, the reference observations are made initially to determine the baseline
behavior of each animal. After treatment, the animal is compared to its own baseline as a
reference or internal control. In other experimental designs, separate subsets of individuals
form a reference or control group that parallels the treatment in all aspects other than the
factor(s) of interest. Subsequent comparisons of the control and treatment groups allow
scientists to make conclusions about the influences on behavior, with fewer disturbances
from intrinsic and extrinsic elements that can confound interpretation [24].
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Taking into account the meaning of dogs’ sense of smell as well as the importance
of improving animal welfare, which seems in some contexts to be completely dependent
upon human choice regarding some environmental factors, we decided to investigate the
issue of evaluation of the canine smell preferences in the context of volatile compounds
potentially used in the production of pet cosmetics.

2. Materials and Methods
2.1. Ethical Statement

The research was conducted in accordance with the regulations on animal experimen-
tation and guidelines for the use of animals in research. According to the country’s statute
law on animal experimentation, the procedures involving observations of natural behaviors
of dogs toward odor or conventional dog training are not animal experimentation; the
Local Ethical Commission for Animal Experimentation (resolution no. 67/2014) stated that
no special permission for the use of dogs in such noninvasive studies was required.

2.2. Animals

The experiment was carried out on 14 adult dogs (10 females and 4 males) of different
breeds, body sizes, and ages (Table 1). The dogs’ ages ranged from 1 to 14 years. Three
of the males and eight of the females had been neutered. All dogs were pets living in
households. Dogs were taken 1 h before the beginning of the test and allowed to run freely
in the garden. Each dog was enrolled with its owner and the operator and introduced into
the testing arena.

Table 1. Dogs used in experiment.

Dog Breed Age (Years) Sex Neutered

D1 Polish Hunting Spaniel 1 F +
D2 Polish Hunting Spaniel 1 M +
D3 Polish Hunting Spaniel 6 F +
D4 Polish Hunting Spaniel 3 F +
D5 Mixed 2 M +
D6 Mixed 8 F +
D7 Bearded Collie 9 M −
D8 Tibetan Terrier 14 M +
D9 Shih Tzu 10 F −
D10 Polish Hunting Spaniel 5 F −
D11 Beagle 8 F +
D12 Beagle 8 F +
D12 Beagle 9 F +
D14 Beagle 10 F +

2.3. Odor Samples

During the experiment, 33 odor samples were presented to the dogs: a neutral sample
containing pure dipropylene glycol (control) and 32 samples containing dipropylene glycol
and fragrance oils (Table 2).

Dipropylene glycol is a raw material with low toxicity, making it a popular additive
to perfumes, skin and hair care products, and as a liquid used in e-cigarettes. As it is
also the most commonly used solvent in dog shampoos, it was used in this study as a
control and as a base for diluting fragrance oils. Dipropylene glycol has low toxicity
when taken orally, through the skin, or by inhalation. It does not irritate the skin or
eyes and there is no evidence that it causes allergic skin reactions. Dipropylene glycol is
not considered carcinogenic or genotoxic and has no effect on fertility and reproduction
(https://chem-distribution.nl/pl/services/glikol-dwupropylenowy-dpg/ (accessed on
1 February 2022).

https://chem-distribution.nl/pl/services/glikol-dwupropylenowy-dpg/


Animals 2022, 12, 1488 4 of 16

Table 2. Odor samples used in the experiment.

Sample No. Odor Sample

1 peppermint oil
2 blackberry K756
3 isobornyl acetate
4 vetiver oil
5 linalool
6 citronellol
7 sage oil
8 musk MC4
9 linalyl acetate
10 melon C186
11 tangerine oil
12 benzaldehyde
13 globalide
14 rosewood oil
15 sandalwood oil
16 orange oil
17 rose oil
18 lime oil
19 beta pinene
20 lavandine oil
21 strawberry K814
22 Eugenol
23 lavender oil
24 basil oil
25 raspberry K840
26 ambrettolide
27 beta ionone
28 blueberry D761/G
29 geranium oil AT018
30 T musk
31 glycol (negative control)
32 food—meat (positive control)
33 castoreum (positive control)

Fragrance samples were selected based on fragrances currently used in shampoos
and repellents, and smells that might be potentially attractive to dogs, such as fruits that
dogs eat. There was no confirmation in the literature about the deterrent effect of specific
fragrance oils. There are reports of the purported deterrent effect of citrus, but as they are
rather speculative, this was also evaluated in this study.

The odor samples were provided by Pollena Aroma Sp. z o.o. (Nowy Dwór Mazowiecki,
Poland). All fragrance oils were diluted in unscented glycol (1:200), which is the most
common solvent used in cosmetics.

2.4. Experimental Design

Figure 1 shows the arrangement of the area in which the experiment was conducted.
The experimental area (size 2.4 m × 3.6 m) was separated from the rest of the room by
opaque panels (1.8 m high). The 4 samples were placed in a line near the wall opposite
to the entrance, 1 m from one another. Swabs were loaded by immersion into the odor
solution, so that much less than 1 mL was presented to the dog. Odor samples were
presented on cotton swabs mounted on upright sticks 20 cm high.

When the dog handler entered the experimental area with the dog, they stopped near
the entrance, unleashed the dog, and remained at the start position. The dog walked freely
in the experimental area for 30 s. All dog movements and behaviors were recorded by
5 cameras, 1 at each sample point and 1 for an overall view. After each trial, the dog was
removed from the experimental area and allowed to walk freely outside in the run, before
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starting the next trial. The experimental area was ventilated and washed twice using clean
water before the next dog was introduced.
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The double-blind method was used in the research. The sample layout was the same
for each dog. Over 8 days, every dog undertook 40 trials (5 trials day). On each day
20 odors were presented to each dog a total of 4 times (Supplementary Table S1). The
selection of odors presented in each trial was randomized using Research Randomizer
(https://www.randomizer.org (accessed on March 2020). The set of 4 odors presented in
each trial was the same for all dogs. In the first trial, only the odor of food was included in
the 4 spots, to enhance the dogs’ interest in the odor area.

https://www.randomizer.org
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2.5. Behavioral Analyses

Each trial was recorded from the perspective of 5 cameras—1 camera located above
the arena in front of the experimenter that covered the entire test area and 4 cameras
were located directly next to the samples, so that the animal’s mouth was visible during
interaction with the sample (Figure 1B). The recordings were analyzed using the software
Observer XT (Noldus Information Technology, Wageningen, The Netherlands). The dog’s
interest toward specific odors was explored by analyzing the position of the dog’s head
with respect to the owner and the 4 different odor spots.

During the observation, in the zone (1–5, see Figure 1) the animal occupation (in-
volvement) was assessed based on the position of the head. To avoid bias, the person
who analyzed the video records of the dogs’ behaviors was blind to the particular samples
included in trials. Initially (Study 1), we analyzed the time spent by the dog with its head in
the handler zone versus the odor zones. Next (Study 2), we analyzed the proportion of time
spent by all dogs in each of the four odor zones in each trial. Then (Study 3), we investigated
the preference of the dogs toward specific odors compared to the negative control glycol,
by analyzing the proportion of events in all trials in which a specific odor was contacted or
ignored in respect to the control. Finally (Study 4), we analyzed the tendency of each dog to
use the left, the right, or the left + right nostrils when approaching a specific odor-carrying
swab. The full dog ethogram is included in Supplementary Table S2. Moreover, behaviors
such as licking the sample, wagging, jumping, yawing, sneezing, wallow, shaking off, and
lip licking were taken into account; however, due to the very sporadic nature, the following
behaviors were not included in the statistics—no correlation of these behaviors with any
particular odor was found.

2.6. Statistical Methods

Statistical analyses were conducted using GraphPad Prism, or in R using lme4 package.
In Analysis 1, differences in the percentage of time spent with the handler versus the
odors’ zones in all trials were analyzed by 2-way ANOVA for repeated measurements,
to investigate the influence of the trial versus handler/odors factors on the percentage
outcome variable; followed by Bonferroni post-hoc analyses to analyze the differences in
each individual trial. In Analysis 2, the percentage of time spent with each of the four odors
by the dogs was analyzed using a 1-way ANOVA followed by the Bonferroni multiple
comparisons test. Data from both study 1 and study 2 were normally distributed; thus,
meeting criteria for ANOVA analyses. In Analysis 3, a generalized linear mixed model
was fitted to investigate the association between dog sniffing activity (outcome) and odors
(covariates). Sniffing activity of dogs was dichotomized by considering activities lasting
more than two seconds as positive interactions, while absence or short-lived interactions
were considered null. Similarly, a linear mixer model was used to test the association
between duration of sniffing and odors. In both models, glycol was used as the reference
category, and the dog IDs were introduced in the model as random effect. Odds ratios (OR)
with corresponding 95% confidence intervals (CI) were calculated.

In Analysis 4, the probability of using the right, or left, or right + left nostrils were
evaluated for each odor using a binomial logit model to investigate the association between
the nostril use (outcome) and odors (covariates).

3. Results
3.1. Analysis 1

In this part of the experiment, where the time spent by the dog with its head in the
handler zone versus the odor zones was examined, the two-way ANOVA for repeated
measures showed a significant effect of the handler (F = 194.73(1,16), p < 0.0001) on the
dog position over the trial factor, which was not significant. Bonferroni post-hoc analyses
showed that, in most trials, the dogs spent significantly more time in the handler zone,
with relatively little time exploring the odor swabs. However, in trials 1, 11, 16, 21, 23,
26, 31, 36, and 37, the difference in the time spent between handler versus odor zones
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was not significant (Figure 2), indicating that the dogs spent more time in the smell zones.
Interestingly, among the odors presented in these specific trials a positive control (food and
castor odors), was always present. This result indicates that when an odor was of interest,
the dog spent more time in the odor zones. Moreover, the percentage of time spent with
the handler by hunting dogs versus other breeds was analyzed by 2-way ANOVA, which
showed no effects of the breed factor (F = 1.37(1385), p = 0.24) and a significant effect of the
trial on the percentage outcome variable (F = 4.64(39,85), p < 0.0001). Similarly, there were no
significant effects of the dogs’ sex on the percentage of time spent with the handler or in
the odor zones.

Animals 2022, 12, x FOR PEER REVIEW 7 of 18 
 

In Analysis 4, the probability of using the right, or left, or right + left nostrils were 
evaluated for each odor using a binomial logit model to investigate the association 
between the nostril use (outcome) and odors (covariates). 

3. Results 
3.1. Analysis 1 

In this part of the experiment, where the time spent by the dog with its head in the 
handler zone versus the odor zones was examined, the two-way ANOVA for repeated 
measures showed a significant effect of the handler (F = 194.73(1,16), p < 0.0001) on the dog 
position over the trial factor, which was not significant. Bonferroni post-hoc analyses 
showed that, in most trials, the dogs spent significantly more time in the handler zone, 
with relatively little time exploring the odor swabs. However, in trials 1, 11, 16, 21, 23, 26, 
31, 36, and 37, the difference in the time spent between handler versus odor zones was not 
significant (Figure 2), indicating that the dogs spent more time in the smell zones. 
Interestingly, among the odors presented in these specific trials a positive control (food 
and castor odors), was always present. This result indicates that when an odor was of 
interest, the dog spent more time in the odor zones. Moreover, the percentage of time 
spent with the handler by hunting dogs versus other breeds was analyzed by 2-way 
ANOVA, which showed no effects of the breed factor (F = 1.37(1385), p = 0.24) and a 
significant effect of the trial on the percentage outcome variable (F = 4.64(39,85), p < 0.0001). 
Similarly, there were no significant effects of the dogs’ sex on the percentage of time spent 
with the handler or in the odor zones. 

 

Animals 2022, 12, x FOR PEER REVIEW 8 of 18 
 

 

Figure 2. Percentage of time spent by the dog with its head within handler vs. sample areas. 
Percentage of time spent by the dog with its head within the handler vs. the samples area in each 
trial. Differences were statistically significant in all trials, except for trials 1, 11, 16, 20, 23, 26, 31, 36, 
and 37, in which the difference between time spent with handler vs. time spent with samples was 
not significant. 

3.2. Analysis 2 
Analyses of the percentage of time spent by all dogs in each of the four odor zones in 

the single trials showed that there were little differences between the four smells in each 
trial (Figure 3). In particular, the odor of food was always preferred by the dogs over the 
other smells presented in the same trial. In addition, tangerine and raspberry odors were 
significantly more explored in trials 23 and 33, respectively, compared to other odors 
presented in the same trial (Figure 3). In these two trials, hunting dogs displayed similar 
levels of exploration compared to the other breeds. 

 
Figure 3. Percentage of time spent by the dog with its head within the samples presented in selected 
trials. Each dot represents an individual dog. No significant differences were observed in the time 
spent by the dog among the four smells presented in the single trial. 

3.3. Analysis 3 
The dog position toward a specific odor or handler zone is an indicator of the dog’s 

interest; however, it does not reveal whether the dog is actively sniffing the odor swabs. 
Therefore, a more accurate analysis of the dog behavior when approaching the swabs was 
conducted by direct observation of the dogs’ sniffing activity and its duration. First, all 
trials were analyzed using a generalized linear mixed model to investigate which odors 

Figure 2. Percentage of time spent by the dog with its head within handler vs. sample areas.
Percentage of time spent by the dog with its head within the handler vs. the samples area in each
trial. Differences were statistically significant in all trials, except for trials 1, 11, 16, 20, 23, 26, 31, 36,
and 37, in which the difference between time spent with handler vs. time spent with samples was
not significant.

3.2. Analysis 2

Analyses of the percentage of time spent by all dogs in each of the four odor zones
in the single trials showed that there were little differences between the four smells in
each trial (Figure 3). In particular, the odor of food was always preferred by the dogs over
the other smells presented in the same trial. In addition, tangerine and raspberry odors
were significantly more explored in trials 23 and 33, respectively, compared to other odors
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presented in the same trial (Figure 3). In these two trials, hunting dogs displayed similar
levels of exploration compared to the other breeds.
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trials. Each dot represents an individual dog. No significant differences were observed in the time
spent by the dog among the four smells presented in the single trial.

3.3. Analysis 3

The dog position toward a specific odor or handler zone is an indicator of the dog’s
interest; however, it does not reveal whether the dog is actively sniffing the odor swabs.
Therefore, a more accurate analysis of the dog behavior when approaching the swabs was
conducted by direct observation of the dogs’ sniffing activity and its duration. First, all trials
were analyzed using a generalized linear mixed model to investigate which odors had a
higher probability of being sniffed by the dogs as compared to the control glycol (Table 3). A
positive interaction was considered when the duration of sniffing was higher than 2 s. This
model revealed that the positive controls, food and castoreum, had the highest probability
of being contacted and sniffed, while orange oil had a significantly higher probability of
being sniffed compared to glycol, although to a lesser extent with respect to the positive
controls. In addition, the linalyl acetate was explored with less frequency as compared to
glycol. Such preference trends were true even taking into account the dog ID as a random
factor. Furthermore, to investigate which odors had the highest probability of being sniffed
for a longer period of time, the dataset was first filtered to remove all interactions in which
the duration of sniffing was less than 2 s, and a linear mixed model was run to explore
which odors arouse a more durable interaction as compared with the negative control
glycol (Table 4). The highest probability of displaying a durable sniffing was found for lime
oil and ambrettolide, while other odors (e.g., isobornyl acetate, linalyl acetate, globalide,
beta pinene, basil oil, and beta ionone) were still arousing significantly longer interactions
as compared with the control glycol, but to a lesser extent. Interestingly, this analysis
showed that the positive controls, food and castoreum, were not significantly associated
with durable sniffing as compared to glycol.

3.4. Analysis 4

The results of analyses of the tendency of the dog to use the left, the right, or the
left + right nostrils when approaching a specific odor revealed a higher probability of using
the left or the left + right nostrils, and only rarely using the single right nostril, when
dogs encountered lavandine oil, even after correcting for individual dogs’ variability as a
random effect.
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Table 3. Dogs’ positive interaction—sniffing activity (Yes/No): generalized linear mixed model
displaying associations between sniffing activity (outcome) and administered odors (covariates), with
dogs’ IDs as a random factor and glycol as the reference category.

Dogs’ Positive Interaction
Predictors Odds Ratios CI p

(Intercept) 0.58 0.39–0.86 0.007
Peppermint oil 1.72 0.90–3.27 0.098

Blackberry K756 0.91 0.47–1.77 0.779
Isobornyl acetate 1.00 0.52–1.93 1.000

Vetiver oil 0.62 0.31–1.26 0.188
Linalool 1.00 0.52–1.93 1.000

Citronnellol 1.00 0.52–1.93 1.000
Sage oil 1.44 0.76–2.74 0.267

Musk MC4 0.80 0.41–1.56 0.511
Linalyl acetate 0.42 0.20–0.90 0.026

Melon C186 0.82 0.39–1.76 0.620
Tangerine oil 0.89 0.49–1.64 0.712

Benzaldehyde 0.67 0.34–1.34 0.261
Globalide 0.54 0.26–1.11 0.092

Rosewood oil 0.91 0.47–1.77 0.779
Sandalwood oil 0.75 0.38–1.47 0.399

Orange oil 2.46 1.28–4.70 0.007
Rose oil 1.57 0.83–2.99 0.167
Lime oil 0.67 0.34–1.34 0.261

Beta pinene 0.82 0.42–1.62 0.575
Lavandine oil 0.75 0.38–1.47 0.399

Strawberry K814 1.57 0.83–2.99 0.167
Eugenol 0.82 0.42–1.62 0.575

Lavender oil 1.10 0.57–2.11 0.780
Basil oil 0.91 0.47–1.77 0.779

Raspberry K840 1.53 0.74–3.16 0.252
Ambrettolide 1.20 0.67–2.18 0.541
Beta ionone 0.91 0.47–1.77 0.779

Blueberry D761/G 0.94 0.44–1.98 0.869
Geranium oil AT018 0.54 0.26–1.11 0.092

T musk 0.96 0.53–1.76 0.902
Food-meat 3.45 2.31–5.16 <0.001
Castoreum 6.17 2.63–14.47 <0.001

Random Effects
σ2 3.29

τ00 Dog 0.26
ICC 0.07

N Dog 12

Observations 1920
Marginal R2/Conditional

R2 0.082/0.149

Table 4. Sniffing activity (duration): linear mixed model displaying associations between duration of
sniffing activity (outcome) and administered odors (covariates), with dogs’ IDs as a random factor
and glycol as the reference category.

Time
Predictors Estimates CI p

(Intercept) 3.05 2.42–3.69 <0.001
Peppermint oil −0.42 −1.51–0.67 0.452

Blackberry K756 0.14 −1.23–1.50 0.843
Isobornyl acetate 1.55 0.26–2.84 0.019

Vetiver oil 0.51 −0.75–1.76 0.428
Linalool 0.59 −0.74–1.92 0.385

Citronnellol 0.52 −0.59–1.63 0.362
Sage oil 0.23 −1.06–1.52 0.724

Musk MC4 0.28 −0.92–1.48 0.646
Linalyl acetate 1.60 0.34–2.85 0.013

Melon C186 0.86 −0.40–2.12 0.180
Tangerine oil 0.44 −0.63–1.52 0.420
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Table 4. Cont.

Time
Predictors Estimates CI p

Benzaldehyde 0.41 −1.05–1.87 0.585
Globalide 1.30 0.04–2.56 0.043

Rosewood oil 0.80 −0.61–2.22 0.266
Sandalwood oil 0.81 −0.66–2.28 0.278

Orange oil 1.22 −0.01–2.45 0.052
Rose oil 0.69 −0.44–1.82 0.230
Lime oil 1.91 1.26–2.56 <0.001

Beta pinene 1.61 0.57–2.65 0.002
Lavandine oil 0.39 −1.03–1.80 0.593

Strawberry K814 0.72 −0.50–1.95 0.249
Eugenol −0.40 −1.62–0.83 0.526

Lavender oil 0.58 −0.57–1.73 0.323
Basil oil 1.43 0.30–2.56 0.013

Raspberry K840 0.49 −0.80–1.78 0.460
Ambrettolide 2.88 1.29–4.47 <0.001
Beta ionone 1.49 0.13–2.86 0.032

Blueberry D761/G −0.01 −1.47–1.45 0.986
Geranium oil AT018 0.84 −0.42–2.10 0.189

T musk 0.86 −0.47–2.18 0.205
Food-meat 0.17 −0.86–1.19 0.750
Castoreum −0.31 −1.42–0.80 0.581

Random Effects
σ2 5.83

τ00 Dog 0.46
ICC 0.07

N Dog 12

Observations 775
Marginal

R2/Conditional R2 0.087/0.154

4. Discussion

It seems very important to consider the smells which, in normal life, are part of a dog’s
closest environment. The attractiveness of these smells, and individual and general dog
preferences according to different scents in, for example, animal cosmetics, could have a
huge impact on everyday animal welfare and condition.

Many studies point to the early development of olfactory structures and their impact
on the interaction of an individual with its environment; thus, at the same time the issue of
olfactory preferences may arise as early as in the fetal period [25–28]. However, research
on dogs’ scent preferences is very limited. In the pet industry, the database focuses on
methods used to determine food acceptance or preference by pets. Despite a food odor’s
attractiveness, some studies have focused on odor preferences in individuals in terms
of health or disease in various species [29], phases of the sexual cycle [13,30,31], or even
the influence of specific personality traits on olfactory preferences [32–34]. It is worth
mentioning that body odor which could influence an individual’s perception may change
in connection with disease [35–38], emotional states [39], diet, or hormonal changes [40–42].

In studies on the communication and cognitive abilities of dogs in a social context,
much more emphasis has been placed on the analysis of visual communication [43–51] than
olfactory abilities [52]. We do not know exactly how strongly dogs base their orientation
in the environment on olfactory cues, but we have a conviction about the enormous
possibilities of perceiving a dog’s sense of smell [53].

Animals may be motivated to interact, or to avoid interacting, with a given stim-
ulus. Positive and negative motivations are inferred from behavior, for example, from
approach-behavior vs. avoidance, respectively [54]. Individuals of one species may differ
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in the strength of their motivation for specific stimuli. These differences are explained by
many factors, ranging from sex, genes, and age to the developmental environment or the
individual’s acquired experience. Motivation is generally influenced by many factors that
can be intrinsic (e.g., genetic or physiological) or extrinsic (i.e., in the animal’s environment),
for example, the motivation to drink (thirst) can be increased by hormones responsible for
controlling the body’s water balance but is also enhanced by the sight of water [24].

It is difficult to evaluate preference tests in captive or wild-born animals because it is
not certain that the same animal would still have the same choice without such significant
environmental changes. This is a very common problem when it comes to choosing between
several resources for laboratory testing. In our study, this fact should have been also taken
into consideration—the fact that an animal selects a given smell under laboratory conditions
is not yet a scientific confirmation that under natural conditions it would still choose that
smell. Although the results of our study indicated that dogs spent more time near samples
of edible plants (such as berries), it should be noted that the choice of the scent itself does
not have to be related to the fact that the animal would like to have such a scent on its fur.
However, while fragrance preference testing, especially in relation to animal cosmetics,
is still a nascent research field, it should be remembered that forcing an animal to wear a
scent that it finds to be less unpleasant may have a less negative impact on its welfare, than
forcing it to wear a scent that animals avoid, even under laboratory conditions.

We tried to choose a methodology that would be as natural as possible for observation
of free exploration, without human influence, while still in the presence of a handler, so
that the dog felt safe. A double-blind test was applied: the dog and handler did not
know what kind of odor samples were used in each trial. Preference laboratory testing
is usually based on presenting the animal with several possible stimuli and determining
the frequency of the choice made. In our research, as well as latency, inhalation time, and
sample selection frequency, we also analyzed other behaviors that are adopted as affiliate
behaviors (related to the pursuit of the object, interest, feeling of pleasure, behaviors related
to a detailed analysis of smell, such as: tasting, rubbing, drooling, licking), and stressful
behavior (avoidance reaction, sneezing). Next, when the animal’s choice behavior reveals
the option that is preferred or avoided in the experiment, the scientist can move on to
determine the strength of its behavioral preference. Such tests are termed preference tests.

Our results showing increased time spent by dogs in the zone of some odors confirmed
that some of them aroused more interest than others. Moreover, in the case of lavender,
increased proportions of using left and left + right nostrils could suggest that this odor
could be recognized by the dogs not only as interesting but also pleasant [55,56]. Apart
from the food odor, some other, less-obvious odors such as blueberry, peppermint, castor,
tangerine, and rose were found to be as interesting. The interest of animals, in particular
plants, can be somehow explained by its usefulness, for example, in the process of self-
curing, or protecting against parasites. There are dozens of examples of that kind of practice
described in many species (mammals, reptiles, and birds); however, no examples are known
to us regarding that kind of behavior observed in domestic dogs. That can be explained by
the limited possibilities of presenting that kind of behavior in this species [57]. Our study
shows that the smell of food and the smell of beaver clothing are attractive to dogs. The
animals explored the positive controls with more frequency with these samples (89.19%
contact time for beaver clothing and 87.44% with food samples), also licking and the dogs’
clear interest in these samples being noted (sample licking only happened with positive
controls, however, only a few dogs performed this behavior sporadically, which is not
statistically significant). The other smells in the study can thus be compared to interactions
with the control samples.

We found that dogs were more likely to interact with the scent of lavender, so it can be
assumed that this smell is not unpleasant or repellant for them. Lavender has been proven
to affect a variety of species (including dogs and humans), with the scent of lavender shown
to lower the heart rate of dogs, possibly by affecting vagal activity, as well as increasing
the rest and sitting time while riding in a car [58,59]. Similar results were also obtained
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in a shelter study—dogs exposed to the scent of lavender were calmer. Similar results
were achieved with the chamomile fragrance. Conversely, peppermint and rosemary had
stimulating effects on dogs, who tended to be more agitated and spend less time resting
when exposed to these fragrances [10].

The scent of lavender can also affect human’s emotional state, reducing the effects of
oxidative stress and lowering cortisol levels [60]. Smelling lavender and rosemary increases
free radical scavenging activity and decreases cortisol level in saliva [61].

The sense of smell in dogs is not only a highly developed sense, but also plays a huge
role in the animal’s welfare. The smell can also be combined with the individual preferences
of the animal [62], which in turn can be modulated by previous experiences. The ability of
odors to evoke past memories has been shown in humans, as well as in dogs [63–65]. The
ability of odors to evoke emotional memories has been demonstrated in people suffering
from posttraumatic stress disorder (PTSD). It is still an open question if a similar mechanism
is present in dogs in the context of pleasure and unpleasure memories. These examples
show that fragrance selection must be performed carefully, and that commercially available
dog cosmetic products should be varied in composition so that the owner (and, indirectly,
their dog) has a choice.

Although the particular scents evaluated in our study, and especially those found to
be more interesting for dogs, were supposed to be neutral to dogs in the context of their
previous experience, it seems worthwhile mentioning that proper (gentle and stressless)
introduction might be a very important issue, since stress generated during the first expo-
sure to the scent (e.g., first bath) can create a negative association, which would destroy the
positive reception to the scent postulated in this study. The association of a particular scent
with some emotions can influence the perception of the scent.

Another issue that could be discussed in the context of the use of cosmetics in dogs,
apart from attractiveness, is its influence on self-recognition. In the Horowitz study related
to this issue, the authors concluded that dogs show more investigative interest in their own
odors when modified [66]. As mentioned previously, animals have a natural tendency to
modify their own scent, which could be used as a natural scent camouflage, but also could
be caused by the desire to obtain a repellent effect [67].

The effect of a smell on a pet’s behavior is not the only way to determine its possible
preferences or to distinguish between the positive or negative effects of a particular odor
on a dog. The intense sniffing of the sample with licking, observed in our study in the case
of food and beaver suit samples, can also be considered an indicator of increased interest
and positive associations the animal has with the odor of the sample. Similar behaviors
occurred in interaction with other odors such as lavender, rose, and blueberries.

Smell can also be treated as an enrichment of the environment, encouraging even more
frequent interactions with toys by dogs in a shelter [68]. Enrichment of the environment
is one of the key tools in improving the welfare of captive animals, although to meet this
objective, the enrichment must be important and pleasant for the animal. Since odors have
been shown to affect human mood [20], it can be also taken into consideration that dogs,
for whom the sense of smell is much more important than for the human, can also be
influenced in that way.

Since we noticed that among others the rose scent appeared to be interesting (and
possibly pleasant) to the dogs, we were curious about the biological sense and the practical
explanation for that kind of preference. However, in this context it is worth mentioning
that the same or similar fragrances can have very different origins [69]. In many cases,
animals, including mammals, significantly contribute to pollination by serving as vectors
for pollen transfer [70]. Moreover, the scent recognized as a rose scent, taking into account
that it usually has more than one component, could be sensed much differently by dogs,
which could detect another component as dominant [70].

The experimental setup included two types of positive samples (food-sausage and
castoreum) in order to validate the experiment. Both were scents of a certain attractiveness
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and turned out to be the most preferred odors by dogs, which confirms the correctness of
the experimental design.

Other fragrances that turned out to be highly attractive to dogs and their selection and
were statistically significantly more frequent than that of other samples were: 1. Peppermint;
2. Rose; and 3. Blueberry.

There is no scientific research about dog preferences for these smell, but we can
find reports about wolves’ reactions to some fragrances. For example, in the book: “The
truth about wolves and dogs” written by Toni Shelbourne [71], we can find the sentence:
Strong smells like perfume, fabric conditioner or mint can over-stimulate wolves and if
a peppermint is eaten before interaction with them, they will lick around your mouth or
bible-groom you on the chin.

However, there is no given source for this statement or scientific basis; therefore, it
should be treated as an anecdotal source. The only one scientific report about peppermint
was in the experiment in a shelter, where the diffusion of rosemary and peppermint into a
dog’s environment encouraged significantly more standing, moving, and vocalizing than
other types of odors [10].

However, these reports do not analyze the attractiveness or aversion to this fragrance.
The scent of the mint itself was chosen by the author. She noticed that many of her

dogs and client’s dogs eat the mint planted in their home gardens.
The logical dog’s choice was the aromas of blueberry and wild rose (Rosa canina L.)

(also known as the dog rose). The author, choosing these fragrances, was guided by reports
that wolves eat the fruits of these plants to supplement their diet [72,73]. Dogs are also
happy to heal themselves by eating these fruits. The fruits of dog rose are a very popular
component of the BARF diet, and we can buy a lot of supplements for dogs with these
fruits (e.g., Game dog BARFER Rose Hip). Our research confirmed the attractiveness of
their scent.

There were also some smells totally neutral for dogs or that dogs avoid with statistical
significance, such as linalyl acetate. An interesting fact is that citronellol has for humans a
rose smell, and geranium has a rose-mint smell, globalide is an imitation of the musk smell.
However, the human nose is much easier to deceive than a dog’s sense of smell.

5. Conclusions

Our study shows that dogs were more likely to interact with the scents of blueberry,
blackberry, mint, rose, lavender, and linalol so it can be assumed that these smells were not
unpleasant or avoidable for them. The methodology of observing dogs freely exploring
research sites allows the determination of the smells that are most attractive to them (food,
beaver clothing). Further study seems to be required in the context of the importance of
the intensity of the scents used in cosmetics production (differences in the scent detection
thresholds of humans and dogs) and the duration of persistence of the scents on the animals’
fur. The prevalence of sex-dependent preferences regarding particular scents might also be
worthy of investigation.
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16. Groyecka, A.; Pisanski, K.; Sorokowska, A.; Havlíček, J.; Karwowski, M.; Puts, D.; Sorokowski, P. Attractiveness Is Multimodal:
Beauty Is Also in the Nose and Ear of the Beholder. Front. Psychol. 2017, 8, 778. [CrossRef] [PubMed]

17. Guéguen, N. Effect of a perfume on prosocial behavior of pedestrians. Psychol. Rep. 2001, 3, 1046–1048. [CrossRef] [PubMed]
18. Havlicek, J.; Saxton, T.K.; Roberts, S.C.; Jozifkova, E.; Lhota, S.; Valentova, J.; Flegr, J. He sees, she smells? Male and female reports

of sensory reliance in mate choice and non-mate choice contexts. Pers. Individ. Differ. 2008, 6, 565–570. [CrossRef]
19. Herz, R.S.; Inzlicht, M. Sex differences in response to physical and social factors involved in human mate selection: The importance

of smell for women. Evol. Hum. Behav. 2002, 5, 359–364. [CrossRef]
20. Herz, R.S. Influences of Odors on Mood and Affective Cognition, in Olfaction, Taste, and Cognition; Cambridge University Press: New

York, NY, USA, 2002; pp. 160–177.
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behavioral overview. Życie Wet. 2005, 80, 278–282.

http://doi.org/10.1163/156853995X00603
http://doi.org/10.1093/chemse/bjj020
http://doi.org/10.1093/jb/mvr090
http://doi.org/10.1098/rspb.2001.1589
http://www.ncbi.nlm.nih.gov/pubmed/11345323
http://doi.org/10.3390/ani10112112
http://doi.org/10.1002/per.848
http://doi.org/10.1007/s10919-013-0152-2
http://doi.org/10.3389/fpsyg.2016.00530
http://doi.org/10.1177/0956797613515681
http://www.ncbi.nlm.nih.gov/pubmed/24452606
http://doi.org/10.1186/1746-6148-8-110
http://www.ncbi.nlm.nih.gov/pubmed/22776804
http://doi.org/10.1016/j.jveb.2007.10.006
http://doi.org/10.1177/0956797614566318
http://doi.org/10.1093/chemse/bjl017
http://doi.org/10.1016/j.evolhumbehav.2016.08.002
http://doi.org/10.1371/journal.pone.0164760
http://doi.org/10.1007/s11259-009-9248-x
http://doi.org/10.1006/gcen.2000.7557
http://doi.org/10.1006/anbe.1999.1377
http://www.ncbi.nlm.nih.gov/pubmed/10792932
http://doi.org/10.1037/0735-7036.117.3.257
http://www.ncbi.nlm.nih.gov/pubmed/14498801
http://doi.org/10.1016/j.beproc.2009.03.014
http://www.ncbi.nlm.nih.gov/pubmed/19520245
http://doi.org/10.1037/0735-7036.120.3.169
http://www.ncbi.nlm.nih.gov/pubmed/16893253
http://doi.org/10.1016/j.applanim.2011.05.008
http://doi.org/10.1037/0735-7036.116.1.27
http://doi.org/10.1016/S0168-1591(03)00114-X
http://doi.org/10.3390/ani11082463
http://doi.org/10.1016/j.applanim.2006.04.009
http://doi.org/10.3390/sym9050071
http://doi.org/10.1093/chemse/bjh067
http://www.ncbi.nlm.nih.gov/pubmed/15466819


Animals 2022, 12, 1488 16 of 16

58. Wells, D.L. Aromatherapy for travel-induced excitement in dogs. J. Am. Vet. Med. 2006, 6, 964–967. [CrossRef] [PubMed]
59. Komiya, M.; Sugiyama, A.; Tanabe, K.; Uchino, T.; Takeuchi, T. Evaluation of the effect of topical application of lavender oil on

autonomic nerve activity in dogs. Am. J. Vet. Res. 2009, 6, 764–769. [CrossRef]
60. Sayorwan, W.; Siripornpanich, V.; Piriyapunyaporn, T.; Hongratanaworakit, T.; Kotchabhakdi, N.; Ruangrungsi, N. The effects of

lavender oil inhalation on emotional states, autonomic nervous system, and brain electrical activity. J. Med. Assoc. Thai. 2012,
4, 598–606.

61. Atsumi, T.; Tonosaki, K. Smelling lavender and rosemary increases free radical scavenging activity and decreases cortisol level in
saliva. Psychiatry Res. 2006, 1, 89–96. [CrossRef]

62. Duranton, C.; Horowitz, A. Let me sniff! Nosework induces positive judgment bias in pet dogs. Appl. Anim. Behav. Sci. 2019,
211, 61–66. [CrossRef]

63. Herz, R.S.; Eliassen, J.; Beland, S.; Souza, T. Neuroimaging evidence for the emotional potency of odor-evoked memory.
Neuropsychologia 2004, 3, 371–378. [CrossRef]

64. Herz, R.S. Odor-evoked memory. In The Oxford Handbook of Social Neuroscience; Decety, J., John, T., Eds.; Oxford University Press:
Oxford, UK, 2011; pp. 265–275.

65. Quaranta, A.; d’Ingeo, S.; Siniscalchi, M. Odour-Evoked Memory in Dogs: Do Odours Help to Retrieve Memories of Food
Location? Animals 2020, 8, 1249. [CrossRef]

66. Horowitz, A. Smelling themselves: Dogs investigate their own odours longer when modified in an “olfactory mirror” test. Behav.
Processes 2017, 143, 17–24. [CrossRef]

67. Uenoyama, R.; Miyazaki, T.; Hurst, J.L.; Beynon, R.J.; Adachi, M.; Murooka, T.; Miyazaki, M. The characteristic response of
domestic cats to plant iridoids allows them to gain chemical defense against mosquitoes. Sci. Adv. 2021, 4, 9135. [CrossRef]
[PubMed]

68. Murtagh, K.; Farnworth, M.J.; Brilot, B.O. The scent of enrichment: Exploring the effect of odour and biological salience on
behaviour during enrichment of kennelled dogs. Appl. Anim. Behav. Sci. 2020, 223, 104917. [CrossRef]

69. Miyazaki, T.; Nakata, K.; Nishimura, T.; Abe, S.; Yamashita, T.; Miyazaki, M. Identification of 2-phenylethanol with a rose-like
odor from anal sac secretions of the small Indian mongoose (Herpestes auropunctatus). Biosci. Biotechnol. Biochem. 2018, 2, 232–237.
[CrossRef] [PubMed]

70. Muhlemann, J.K.; Klempien, A.; Dudareva, N. Floral volatiles: From biosynthesis to function: Floral volatiles. Plant Cell Environ.
2014, 8, 1936–1949. [CrossRef]

71. Shelbourne, T. The Truth about Wolves and Dogs; Veloce Publishing Ltd.: Dorchester, UK, 2012.
72. Gable, T.D.; Windels, S.K.; Bruggink, J.G. Estimating biomass of berries consumed by gray wolves. Wildl. Soc. Bull. 2017,

1, 129–131. [CrossRef]
73. Khrenov, Y.V. Ecology of a wolf. In Moлoдeжь XXI вeкa в нayчнoм, кyльmypнoм u oбpaзoвameльнoм npocmpaнcmвe: нoвыe

цeннocmu, вызoвы, nepcneкmuвы; Poccийcкий yнивepcитeт дpyжбы нapoдoв (PУДН): Moscow, Russia, 2017; pp. 16–18.

http://doi.org/10.2460/javma.229.6.964
http://www.ncbi.nlm.nih.gov/pubmed/16978115
http://doi.org/10.2460/ajvr.70.6.764
http://doi.org/10.1016/j.psychres.2005.12.012
http://doi.org/10.1016/j.applanim.2018.12.009
http://doi.org/10.1016/j.neuropsychologia.2003.08.009
http://doi.org/10.3390/ani10081249
http://doi.org/10.1016/j.beproc.2017.08.001
http://doi.org/10.1126/sciadv.abd9135
http://www.ncbi.nlm.nih.gov/pubmed/33523929
http://doi.org/10.1016/j.applanim.2019.104917
http://doi.org/10.1080/09168451.2017.1419854
http://www.ncbi.nlm.nih.gov/pubmed/29327660
http://doi.org/10.1111/pce.12314
http://doi.org/10.1002/wsb.730

	Introduction 
	Materials and Methods 
	Ethical Statement 
	Animals 
	Odor Samples 
	Experimental Design 
	Behavioral Analyses 
	Statistical Methods 

	Results 
	Analysis 1 
	Analysis 2 
	Analysis 3 
	Analysis 4 

	Discussion 
	Conclusions 
	References

