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ABSTRACT 
This dissertation aimed to identify effective environmental enrichment strategies for 

cats over both the short- and long-term. In study I, preferences of scratchers differing 

in shapes and covering materials were evaluated in adult household cats. Preference 

indexes (PI) calculated based on the frequency and duration of scratching and 

interactions were shown to be significantly higher with the standing cardboard 

scratcher compared to the laying S-shaped cardboard (N = 7 houses, P < 0.01). 

Standing scratchers covered with rope and cardboard received more scratching and 

interactions (N = 14 houses, P < 0.05) compared to scratchers covered with sofa 

fabric, and scratchers with carpet were intermediate. Standing scratchers covered with 

cardboard and rope are preferred scratching devices for adult cats. In study II, fecal 

and urinary samples were compared between adult intact male and female cats for 

volatiles using gas chromatography-mass spectrometry in order to identify sex-related 

semiochemicals that might attract cats. Males had higher concentrations of 3-

Mercapto-3-Methyl Butanol (MMB, N = 7/sex, P < 0.001) in the urine and butanioc 

acid (N = 8 females, 10 males, P = 0.02) in the feces than females. Standing cardboard 

scratchers treated with the mixed solution of MMB and butanoic acid (i.e., estimated 

amount from one elimination) through hanging sock had aversive effects on the use of 

scratcher in cats (N = 28), as indicated by the significantly decreased scratching 

duration and frequency, as well as the interaction duration compared to the placebo 

scratchers. The male-representative mix of MMB and butanoic acid may reduce 

inappropriate scratching in cats. In study III, cat attractants such as catnip (CN) and 

silver vine (SV) that known to induce active responses in cats, were tested for their 
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efficacies of modifying the use of scratchers. The feline interdigital semiochemicals 

(FIS) shown by other study to increase the scratching behavior in cats, was also 

included. Each treatment (i.e., CN, SV, and FIS) was delivered to a standing cardboard 

scratcher through a hung sock, which was compared to a control scratcher with an 

empty/placebo sock. Cats had access to both the control and treated scratcher at same 

time in each treatment group and cats from different households were exposed to all 

the three treatment groups in a randomized order. Both CN and SV significantly 

increased (P = 0.02) the interaction duration and frequency compared to control. 

Catnip also increased (P = 0.02) the scratching duration. The treatment of FIS only 

tended to increase the interaction frequency (P = 0.06). Catnip and silver vine are 

effective in increasing the use of scratchers in cats. In study IV, the effects of 

cardboard standing scratchers treated with CN and SV on activity and weight 

management were evaluated in household cats. Animals from the treatment group (N 

= 12) received the treated scratcher and were compared with cats on the control group 

(N = 4), which did not receive the scratcher over a 4-week period. Weekly activity 

levels recorded by PetPaceTM monitor collars and body weights were not significantly 

affected (P > 0.10) by time, treatment or time by treatment interaction. Cats on the 

treatment group habituated to the enrichment as scratching and interaction related 

measures decreased significantly over time (scratching duration and frequency, P = 

0.002; interaction duration, P < 0.0001; interaction frequency, P = 0.0004). The long-

term effects of enrichment on cat activity and body weight requires future study and 

obese cats in more controlled settings may serve as better subjects. 
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CHAPTER I 

INTRODUCTION 
Approximately 35% of adult cats in the United States are overweight/obese and the 

number reaches to 40% when considering cats 5 to 11 years old (Lund et al., 2005). 

Risk factors for overweight and obesity in cats include sex, neutering, diet, breed, 

reduced activity, and excessive feed intake (Lund et al., 2005). Obese cats are more 

likely to be male, neutered, fed a high-energy diet and have concurrent oral or urinary 

tract disease; Obesity also tends to occur in domestic, mixed or Manx breed (Lund et 

al., 2005). Aging is another factor for being overweight, because the energy 

requirements and general activity decreases among middle-aged cats (Laflamme, 

2005). Additionally, poor feeding management and underestimation of the body 

condition of the cat by the owner are other risk factors for cats being overweight 

(Colliard et al., 2009; Zoran, 2010).  

 Overweight or obese cats have increased risks of experiencing disease 

(German, 2006; Roudebush et al., 2008a). Currently, most of the management 

strategies focus on controlling energy intake and encouraging physical exercise, 

because reduced activity levels and excessive energy intake are often seen in the 

population of overweight cats (Roudebush et al., 2008a, b). For increasing physical 

activity, toys and scratchers have been commonly used to induce play and scratching 

behavior in cats (De Monte and Le Pape, 1997; Ellis, 2009; Wilson et al., 2016; 

Moesta et al., 2017). Making the environment less stressful with olfactory 

enrichments, such as odors or pheromones might be other options. Cats tend to be less 
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active and exhibit less behavioral diversity in stressful environments or when they 

experience stressful events, such as altered caretaking schedule (Carlstead et al., 

1993), entering an animal shelter (Kry and Casey, 2014) or an unfamiliar yard 

(Rehnberg et al., 2015), or a visit to a veterinary clinic (Nibblett et al., 2015). 

Pheromones have been applied to reduce the stress in cats (Pageat and Gaultier, 2003). 

Therefore, encouragement of activity in cats with toys and scratchers, or using odors 

or pheromones as olfactory enrichments to reduce stress are useful tools for making 

cats more active, which may reduce or prevent the development of obesity in cats.  

 Even though providing cats with environmental enrichments (e.g., scratchers, 

toys, olfactory stimuli) are common practice in household environment (Ellis, 2009), 

the preference of these enrichment devices, especially scratchers in cats has been 

mostly studied based on surveys but not objective evidence (Ellis, 2009; Wilson et al., 

2016; Moesta et al., 2017). Cats rapidly habituate to object play. Rotation of toys may 

be required to maintain their interest (Hall et al., 2002); extended scratching or play in 

cats may be achieved by adding olfactory stimuli to the scratchers or toys. The long-

term effects of preferred toys and scratchers with olfactory stimuli need to be 

examined for their effects on activity pattern, stress, feed intake and body weight in 

cats.   
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CHAPTER II 

LITERATURE REVIEW 

Health and welfare of cats 
 
The 2017-2018 American Pet Products Association (APPA) National Pet Owners 

Survey reported that there were 47.1 million U.S. households that own cats and the 

total number of cats owned in U.S. was 94.2 million, compared to 89.7 million dogs 

(American Society for the Prevention of Cruelty to Animals, ASPCA, 2018). In data 

from 2015-2016, 35% of all households in the United States had at least one cat. The 

basic annual expenses for cat owners showed that each owner spent over 900 dollars 

on their cats (Table 2.1). Partially due to their small size, relative low maintenance and 

space requirements and their abilities to adapt to a variety of environments (Wilson el 

al., 2016), cats have become the most common pet in U.S. and owners care about the 

health and welfare of their cats.  

 
Table 2. 1. Annual expenses for cat owners in U.S based on the 2017-2018 American 
Pet Products Association (APPA) National Pet Owners Survey. 

Category Expense (dollars)/owner/year 

Surgical Vet Visits 245 
Routine Vet 182 
Food 235 
Food Treats 56 
Kennel Boarding 164 
Vitamins 46 
Groomer/Grooming 

 
30 

Toys 30 
Total 988 
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The prevalence, risk factors and side effects of Obesity in cats 
 
Veterinarians generally agree that obesity, is an important medical disease in dogs and 

cats (German, 2006). One study showed that in France 19% of the 385 cats presented 

at a vet clinic were overweight and 7.8% were obese (Colliard et al., 2009). In 

England, overall 11.5% of 3227 cats at the clinic were overweight or obese (Courcier 

et al., 2012). In the United States, 28.7% and 6.4% of adult cats (N = 8159) were 

overweight and obese respectively; 44% of the cats between 5 to 11 years old were 

overweight or obese (Lund et al., 2005).  

 Castration has been demonstrated to be one of the risk factors contributing to 

overweight and obesity in cats, especially among males (Courcier et al., 2012; Larsen, 

2017). Increased feed intake is the main driving force for the development of 

overweight in castrated cats. Hormonal changes occurred after castration might be 

related (Kanchuk et al., 2003; Wei et al., 2014). Reduction in sex hormones, especially 

estrogen in both sexes, as well as changes in hormones related to metabolism (e.g., 

decreased insulin-sensitivity, increase in prolactin, IGF1 and leptin) were observed in 

cats after castration (Cave et al., 2007a, b; Hoenig and Ferguson, 2002). Testosterone 

has been suggested as a potential therapy in treatment of obesity in men with 

testosterone deficiency (Saad et al., 2012), but there is no evidence of testosterone 

being effective in weight management in cats. The change in energy expenditure and 

maintenance energy requirements (MERs) seemed to differ in different studies, and 

between male and female cats (Flynn et al., 1996). Metabolic rate was largely 

decreased in both male and female after gonadectomy (Root et al., 1996; Fettman et 
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al., 1997). Voluntary activity was also shown to be reduced in one study in female cats 

after ovariohysterectomy (Belsito et al., 2009). 

 Unlike the case with dogs, where their basal metabolic rate as reflected by 

MERs, decreases with age, cats were shown to have decreased MERs with increased 

age till 11.5 years, and thereafter their MERs increased with age (Flamm et al., 2003; 

Laflamme, 2005). The driver of MERs, lean body mass (LBM) tends to decrease with 

ageing mainly due to the decreased activity (Kealy, 1998; Laflamme, 2005). 

Therefore, if the feed intake remains unchanged, the decreased energy requirement 

become another reason for the development of overweight or obesity in ageing cats. 

Other risk factors for overweight or obesity in cats are endocrine disorders (e.g., 

hypothyroidism and glucocorticosteroids, and medication-driven hyperphagia), poor 

feeding management (Zoran, 2010), underestimation of cat’s body condition by the 

owner (Colliard et al., 2009), inactivity (e.g., apartment dwelling), and mixed breed 

(Scarlett et al., 1994). 

 Overweight cats are at higher risks of developing disease (German, 2006; 

Roudebush et al., 2008a). Overweight in cats has been positively related to diabetes 

mellitus, altered hemostasis, urinary tract diseases, and oral cavity and skin diseases 

(Scarlett and Donoghue, 1998; Lund et al., 2005). 

Strategies for weight management in cats 
 
Similar to dogs, strategies for managing body weight in cats include but are not 

limited to restriction of energy intake, modifying the feeding behavior, increasing the 
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physical activity, and changing the energy metabolism using feed supplementation or 

drugs (Roudebush et al., 2008a, b). 

Restriction of food intake 
 
Controlled feeding and regular monitoring of body condition is necessary for weight 

management, especially among castrated cats (Larsen, 2017). One study has shown a 

dramatic decrease (16%) in required calorie intake to maintain body weight in females 

from 4 to 16 weeks after spaying (Hoenig and Ferguson, 2002). A restriction of at 

least 30% of energy intake was also suggested by another study to maintain body 

weight in queens after spaying (Belsito et al., 2009). Almost immediately after 

neutering, feed intake increased in male cats and the increase in body weight (28%, 

primarily due to increase in fat mass) become significant by seven weeks after 

neutering (Kanchuk et al., 2003). Active restriction of the intake volume of the food 

should be applied when possible; a diet with lower energy density (diet with more 

fiber) was suggested to be used in castrated kittens (Loureiro et al., 2016; Larsen, 

2017). Adding moisture to the diet might work because it caused a decrease in calorie 

intake in cats (Wei et al., 2011). One study showed that at 6 weeks post treatment, the 

diet with 37% moisture resulted in weight gain of 5.7% over three weeks in cats feed 

ad libitum compared to significantly higher weight gain of 6.9% in cats fed with diet 

of 12% moisture (Cameron et al., 2011).  

Therapeutic food 
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A survey evaluated the calorie density and feeding direction of 49 pet commercial 

diets with weight management claims. Because of the wide variation with the 

recommendations for calorie intake, achieving successful weight loss can be 

challenging (Linder and Freeman, 2010). A review paper in 2008 reported that the 

seven therapeutic foods for weight management in cats supported by published studies 

contain relatively similar amount of calorie as protein (40% to 50%) and fat (25% to 

40%) but varies in the soluble carbohydrate (7% to 43% of calories) and crude fiber 

(1.15% to 16.8% of dry matter; Roudebush et al., 2008b). Traditional food for weight 

management in cats contains low-fat and high-fiber (Hand, 1998; Roudebush et al., 

2008b). Newer concepts recommended low carbohydrate and high protein in the 

therapeutic food; the high protein content is to help maintain the lean body mass 

during weight loss (Laflamme and Hannah, 2005; Roudebush et al., 2008b). Clinical 

studies of these therapeutic foods provide evidences of them being effective in weight 

management in obese or overweight cats without apparent aversive effects 

(Roudebush et al., 2008b). However, rebound in body weight is common in previously 

obese cats, especially after rapid weight loss. Providing limited amounts of low-calorie 

food during the period immediately after weight management is important for weight 

control in those obese-prone cats (Roudebush et al., 2008b).   

Diet additive 
 
Nutraceuticals and dietary supplementations 

Effects of different nutraceuticals and dietary supplementations for weight 

management in obese pets were previously reviewed in detail (Roudebush et al., 
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2008a). Some of the supplementations (e.g., pyruvate, omega-3 fatty acids, L-

carnitine, conjugated linoleic acid (CLA), dehydroepiandrosterone (DHEA)/7-oxo-

DHEA, diacylglycerol, and vitamin A) are more directly involved in the heat/energy 

production and fat metabolism (Roudebush et al., 2008a). Amylase inhibitors, which 

are plant extracts that inhibit amylase (i.e., starch blockers), reduce the digestion of 

complex carbohydrates (Koike et al., 1995). Dietary phytoestrogens (plant-derived 

estrogens) were applied to compensate the decrease in estrogen level that occurs in 

castrated pets where the chance of developing obesity increases (Cave et al., 2007a, b). 

Oestradiol and/or genistein reduced feed intake in overweight cats and prevented the 

development of overweight in normal cats after gonadectomy (Cave et al., 2007a, b). 

These nutraceuticals and dietary supplementation were shown in various species 

including pets to promote weight loss especially when supplemented with weight 

management diets (Roudebush et al., 2008a). Most of the supplementations did not 

have adverse effects during the experimental period except that DHEA might be 

converted to excessive sex hormones (MacEwen and Kurzman, 1991; Kurzman et al., 

1998). The 7-hydroxylated metabolites of DHEA (7-oxo-DHEA) has a similar effect 

on thermogenesis as DHEA but is safer because it not converted to sex hormones 

(Davidson et al., 2000). The L-carnitine, which play a central role in fat metabolism 

and energy production, was shown by several studies to effectively reduce body 

weight without adverse effects in obese or overweight cats (Center et al., 2000; 

Ibrahim et al., 2003; Blanchard et al., 2002). Overall, there is evidence for the role of 
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these nutraceuticals and dietary supplementations in weight management in different 

species.  

Probiotics and prebiotics  

Disturbance of gut microbiota has been associated with the prevalence of several 

diseases and disorders, including diarrhea, allergies, obesity, and stress (Lee et al., 

2014; Grześkowiak et al., 2015). Compositions and activities of the gut microbes in 

pets depend largely on the diet. Diets with moderate protein and moderate 

carbohydrate favor the growth of microbes that are beneficial to gut health in kittens 

and cats compared to diets with high animal protein supplemented with low 

carbohydrate (Lubbs et al., 2009; Hooda et al., 2013). A study comparing microbiota 

of lean and obese dogs have shown that obese dogs have more abundant phylum 

Actinobacteria and the genus Roseburia than lean dogs (Handl et al., 2013). The high-

protein low-carbohydrate diet was shown to increase the abundances of Firmicutes but 

decreased numbers of Bacteroidetes especially in obese dogs compared to the common 

diet (Li et al., 2017). Products have been developed to improve gut health through 

modifying microbes include probiotics (live microorganisms believed to provide 

health benefits when consumed) and prebiotics (food ingredients, usually fiber 

compounds that induce the growth or activity of beneficial microorganisms). Feline 

diets supplemented with prebiotics (e.g., Fructooligosaccharide (FOS), pectins) 

positively affect the gut microbial organisms in cats (Barry et al., 2010; Barry et al., 

2011; Barry et al., 2012). In human trials, significant but small decreases in body 

weight were seen with diet interventions using prebiotics, probiotics or synbiotics 
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(combining prebiotics and probiotics; Barengolts, 2016). Little is known about the 

effects of probiotics and/or prebiotics in management of obesity and overweight in 

dogs or cats. A study showed that plasma lipid was reduced in 8 out of 11 dogs and 

blood cholesterol was maintained at normal level after one-week application of the 

canine potential probiotic strain Enterococcus faecium EE3 (Marciňáková et al., 

2006). One study with cats tested probiotic Enterococcus faecium strain SF68 dietary 

supplementation and found no significant difference of feed intake, body composition 

or metabolic profiles between control and treatment group (Kathrani et al., 2016). 

Host-derived probiotics are recommended to be applied to assure successful usage in 

the specific species (Grześkowiak et al., 2015); gut microorganisms in dogs and cats 

thus might provide great potentiality for probiotics specific for dogs and cats. Also, 

effects might be limited because most studies were conducted for relatively short 

periods (weeks). Identification of the effective canine or feline derived probiotics and 

determining their long-term effects on weight management in dogs and cats is 

necessary. 

Pharmacologic reagents 

Most available pharmacologic reagents for treating overweight and obesity in 

companion animals were originally developed or tested for safety of use in humans 

(Roudebush et al., 2008b). These generally include satiety reagents (e.g., sibutramine 

and dexfenfluramine), appetite suppressants, metabolic stimulants (e.g., sibutramine 

and β3 – adrenergic receptor agonists) and inhibitor of fat adsorption (e.g., orlistat). 

However, safety studies have shown doubts in the application of most of these drugs 
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because of the severe side effects (Meyer et al., 1994; Naeije et al., 1996; Ooms et al., 

2001; Kim et al., 2005). A β3 – adrenergic receptor agonist was shown to increase 

energy expenditure in dogs because of its effect in increasing mitochondrial 

uncoupling protein (Sasaki et al., 1998) but clinical studies on reducing weight are 

lacking in pets.  Another candidate, Dirlotapide, which is an inhibitor of microsomal 

triglyceride transfer protein was shown to be effective in reducing weight in dogs 

without significant side effects (Wren et al., 2007).  

 Most of the studies testing different pharmacologic reagents were conducted 

on laboratory animals (e.g., rodents and rabbits) or dogs, and their effectiveness in cats 

requires further study. 

Feeding strategies 
 
AVMA (American Veterinary Medical Association) recommends cats be indoors, not 

free roaming (AVMA, 2018). Since the living environments of domestic cats, 

especially indoor cats are different from wild feline species, feeding methods in 

domestic cats no longer encourage hunting behavior and their activity patterns are 

largely changed (McCune, 1995; Ellis, 2009). Attempts have been made to enrich cat 

lives by altering feeding time budgets and to promote the expression of hunting 

behaviors in domestic cats. Recommendations include hiding small amounts of food at 

different locations, putting the cat on feeding schedule with shorter intervals, and 

applying puzzle feeders. These feeding strategies were shown to benefit cats 

physically in that more significant weight loss was seen in obese or overweight cats 
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treated with enriched feeding than cats not provided with these enrichments (Clarke et 

al., 2005; Ellis, 2009).  

Encouragement of exercise and activity  
 
Inactivity is considered to play an essential role in the development of overweight or 

obesity. Owners of the overweight cats played less with their cats than do owners of 

normal-weight cats (Roudebush et al., 2008b). Reduction of voluntary activity (60% 

and 33% of baseline during the light and dark, respectively) was seen in female cats 

by 24 weeks follow ovariohysterectomy (Belsito et al., 2009). Reduced activity level 

is also commonly seen in aging cats (Laflamme, 2005). Physical activity is the most 

flexible part of energy expenditure and therefore is appropriate target for modify 

weight in both animals and humans (Melzer et al., 2005; Jakicic and Otto, 2005). An 

increase in energy expenditure and the energy needs as a result of increased activity 

are required for loss of body weight and aid in improving lean body mass (Melzer et 

al., 2005; Roudebush et al., 2008b). In human subjects, increased physical exercise 

improved the metabolic abnormalities associated with obesity (Dyck, 2005), 

eliminated insulin resistance (Nassis et al., 2005), and suppressed proinflammatory 

burden (Bruunsgaard, 2005) even without significant changes in body weight or mass 

composition (Berggren et al., 2005; Roudebush et al., 2008b). Regular exercise is also 

critical for the prevention of weight gain and maintenance of body condition after 

occurring of weight loss (Banning, 2005; Jakicic and Otto, 2005). Therefore, 

encouragement of moderate regular exercise with either toys or other enrichments 

would be promising way to manage weight when combined with food restriction. 
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Even without achieving significant weight loss, increased activity itself has benefits in 

improving general health (Bartges et al., 2017). 

 Even though most weight-management programs advocate moderate, regular 

exercise, the optimal amount of physical activity for preventing obesity or managing 

proper weight has not been determined for dogs and cats. For dogs, a typical 

suggestion includes 15-30 minutes walking or 5 to 15 minutes swimming for 5 to 7 

times per week (Roudebush et al., 2008b). The daily energy requirement increases 7% 

to 15% for dogs that walk 5km/d (Roudebush et al., 2008b). The effects of 

environmental enrichment on weight management in cats was evaluated by one study, 

where obese animals on feeding guidelines for weight loss and with exposure to 

environmental enrichments (e.g., additional feeding and drinking bowl, litter box, 

scratchers, and toys) showed increased activity, a slight increase in weight loss and 

more positive image to the owners compared to obese cats that were just on feeding 

guidelines (Roudebush et al., 2008b). Future studies are needed to determine the 

optimal amount of exercise for weight management in overweight and obese cats, and 

individual difference, such as previous exercise amount and body condition need also 

to be considered.  

Owner education 
 
An interesting phenomenon is that owners often underestimate body condition of their 

cats as reported in several studies that compared the body score given by the owners 

and veterinarians (Colliard et al., 2009; Cave et al., 2012). Pet owners should be 

educated about the appropriate body condition for their individual cats and regularly 
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score their cats at home (Larsen, 2017). The body condition scoring systems in cats 

and dogs use both visual and tactile cues to assign a numeric value to the degree of 

adiposity (Laflamme, 1997). Three body condition scoring systems are commonly 

used: 5-, 7-, or 9- point system. Each point on three systems indicate 20% to 30%, 

15% to 22.5% or 15% increment of body weight and cat with a score ≥ 4 on the 5-

point score, F or G on the 7-point score and ≥ 7 on the 9-point score can be considered 

as being obese (Roudebush et al., 2008a). The free feeding method that accounts for 

80% of the feeding methods is not ideal, and the diet energy density and body 

condition of the cat should be considered to determine the appropriate amount of feed 

(Donoghue and Scarlett, 1998; Larsen, 2017). Even though cats are able to self-

regulate their feed intake based on their energy requirement, the increased palatability 

of the commercial food and decreased water intake during feeding may result in 

excessive feed intake. Usually, obesity or overweight treatment programs that include 

dietary change and moderate exercise, together with regular body evaluations during 

the weight loss and maintenance period are sufficient to achieve positive results 

(Roudebush et al., 2008b). At the same time, owners need to ensure that their cats do 

not have access to other food resource (i.e., snacks, food of other pets or human) 

(Roudebush et al., 2008b).  

Cat Genetics 
 
One study using multivariate analysis has shown that some breeds of cats (e.g., 

domestic short, medium and long hair, Mixed and Manx) are more likely to develop 

obesity than other breeds (e.g., Siamese, Persian, and Maine; Lund et al., 2005). 
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However, the effect of genetics-related breed difference on energy metabolism and the 

development of obesity is not determined in cats. Regardless, consistent restriction of 

energy intake and close monitoring of the feeding behavior and body condition are 

necessary for these cats. 

Strategies to modify cat behaviors 
 
Methods for modifying cat behavior may provide potential strategies for weight 

management in cats that do not require strict control of feed intake or too much 

participation of the owners. 

Nutrients, nutraceuticals and dietary supplements  
 
Certain nutrients or nutraceuticals, when supplemented to the diet, change the 

expression and secretion of certain neurotransmitters and modify cat behaviors. Alpha-

casozepine, acting as the major trypsin hydrolysate of bovine milk casein was shown 

to be effective in managing anxious disorders in fearful cats (Beata et al., 2007). Diets 

supplemented with tryptophan (a metabolic precursor to melatonin and serotonin) and 

alpha-casozepine had some effects in reducing stress and aggression in dogs and cats 

(Kato et al., 2012; Miyaji et al., 2015; Landsberg et al., 2017). Dietary 

supplementation of alpha-casozepine and L-tryptophan reduced urinary cortisol and 

increased the plasma tryptophan to large neutral amino acids ratio in normal cats 

during the 8-week treatment (Miyaji et al., 2015). An alpha-casozepine and L-

tryptophan supplemented diet was shown to decrease the duration and frequency of 

inactivity in fearful cats in the home-room test and open-field test but not in the 
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stranger-interaction test (Landsberg et al., 2017). Some of the therapeutic foods are 

supplemented with nutrients, such as vitamin E and C, L-carnitine, D, L-alpha-lipoic 

acid and ascorbic acid to improve cognitive health in dogs (Milgram et al., 2002; 

Cotman et al., 2002; Ikeda-Douglas et al., 2004). Studies of these types of therapeutic 

foods on cats are not reported, leaving space for future investigation.   

 The effectiveness of drugs used for treating anxiety- or stress-related 

behavioral problems (e.g., aggression, urine marking, compulsive disorder) in dogs 

and cats were reviewed in detail by previous reports (Overall and Dunham, 2002; 

Luescher, 2004; Mill et al., 2011). Also, the extracts of some herbal plants such as 

valerian root, a plant known to attract cats and induce similar response as catnip in 

some cats (Bol et al, 2017), are used as the major active ingredients of the calming 

treats or medicine in dogs and cats. The use of dried plants and their extracts as 

sensory enrichment in cats will be discussed later.  

Physical products  
 
Environmental enrichment (EE) describes the addition of one or more husbandry 

interventions to a relatively impoverished environment to ensure and/or improve the 

physical/psychological welfare of the animals (Ellis, 2009). In cats, EE involves 

strategies such as providing hiding spots, vertical climbing structures, food dispensing 

devices and extended social interactions, usually with the intention of increasing 

activity diversity and the ability of cats to cope with stress (Ellis, 2009). Intraspecific 

social interaction, especially between related individuals was shown to encourage 

affiliative behaviors (e.g., allo-grooming, allo-rubbing, allo-playing) in cats when 
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there is no competition for other resources (Bradshaw and Hall, 1999; Curtis, 2003). 

Interspecific social interaction in cats is usually with human or dog, and the 

successfulness depend largely on the timing of first interaction (e.g., occur before 6 

month in cats and before 1 year in dogs) and the strategy of interaction (e.g., 

preference for petting temporal area over caudal area in cats; Curtis, 2003; Feuerstein 

and Terkel, 2008).   

 Inanimate interactions in cats were shown to be helpful, which include use of 

toys/scratchers, improved feeding strategies, bedding, providing vertical spaces and 

additional structures, as well as the visual, olfactory, and auditory enrichments (Ellis, 

2009). 

Toys and scratchers 

Different toys have been tested to see their effects in reducing the amount of time cats 

spent being inactive; hair band attached to a tread was the most preferred (Landsberg, 

et al., 1996; Ellis, 2009). A suspended ball was also shown to significantly increase 

the activity level in male cats housed in a relatively simple environment (De Monte 

and Le Pape, 1997). However, cats usually habituate quickly to object play, and 

regular rotation of different toys may be necessary to maintain their interests (Hall et 

al., 2002). The use of puzzle feeders can promote hunting related behavior and benefit 

cats physically (Clarke et al., 2005; Ellis, 2009). 

 Scratching is normal cat behavior and serves the purposes of nail sheath 

sharpening and removal, visual and olfactory marking, and stretching the body 

(Landsberg, 1996; Hart, 1972; Heath, 2007). When cats scratch the furniture in the 
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house, this behavior may seem inappropriate from owner’s perspective (Landsberg, 

1996). Research has focused on reducing the behavior or redirecting it on designated 

objects (i.e., scratchers). Introducing scratchers is an effective way of reducing this 

behavior being expressed in inappropriate locations (Mengoli et al., 2013; Wilson et 

al., 2016; Moesta et al., 2017). Survey-based studies have shown that cats have 

preferences towards different style/type of scratchers; standing posts, narrower and 

taller scratchers with rope or carpet substrate are usually preferred (Mengoli et al., 

2013; Wilson et al., 2016; Moesta et al., 2017). Another study reported that by adding 

the cat interdigital pheromone to the cardboard scratcher, cats scratch the cardboard 

more often and for longer time (Cozzi et al., 2013). Study with kittens younger than 2-

month old has shown that they prefer S-shaped cardboard over other types of 

scratchers provided (e.g., standing scratchers and scratching board covered with carpet 

or window screen; Zhang et al., 2018). 

Space enrichment 

Cats have preferences for using separate areas for distinct behaviors, such as sleeping, 

feeding, and elimination (Ellis, 2009). Higher spots are preferred by cats, which allow 

cats to exhibit climbing and jumping, and provide cats with good control of the 

environment (Loveridge, 1994; Loveridge et al., 1995; Rochlitz, 2000; Overall and 

Dyer, 2005). Enriching the vertical space by setting up shelves, cat trees and climbing 

poles in the confined environment are beneficial and increase the resting and retreating 

spots as well as the opportunities for active behaviors (McCobb et al., 2005; Rehnberg 

et al., 2015). Providing hiding spots may give cats even more control over the 
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environment, and former studies have shown that a hiding box reduced the fearfulness 

of cats entering a novel environment (Kry and Casey, 2007; Vinke et al., 2014). 

Sensory enrichment 

Sensory enrichment can include visual, auditory, and olfactory enrichment. The 

applications of enriching sensory systems in cats have been investigated by a variety 

of studies.  

 Visual enrichment (e.g., providing access to windows overlooking outside 

activity) studies have shown that cats in the free roaming room spent most of the time 

sitting next to a window and watching outside (Ellis, 2009). Cats paid more attention 

to animate or inanimate movement than the still images showed on the TV screen, and 

they spent less time sleeping but more time being active over the three days when they 

were exposed to animate movement for three hours daily compared to cats in the 

control groups (Ellis and Wells, 2008). However, further studies that investigate the 

long-term effects of visual enrichments are needed because lack of real interaction 

with the enrichment may cause frustration and related behavioral problems in cats 

(Ellis, 2009). Application of auditory enrichment in cats has not been reported. 

Olfactory and pheromonal enrichments in cats will be discussed in the next session. 

Olfactory communication in cats  
 
Olfaction in most animal species involves the main olfactory system (MOS), the 

accessory olfactory system (AOS) and other olfactory subsystems (Salazar and 

Sánchez Quinteiro, 2009). Cats and most other mammals, have olfactory bulbs and the 

related olfactory tracts that are much larger than humans (Hart, 1977). The volatiles 
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(e.g., predator odors) can be detected by the MOS through inhaled air. In addition, cats 

and other mammals (not humans) also have the AOS that is important for sensing 

pheromones (Hart, 1977; Keverne, 1999). Pheromone was first defined in 1959 by 

Karlson and Luscher as “a chemical released by one organism that modulates the 

behavior or physiology of a second organism of the same species” (Karlson and 

Lüscher, 1959). Pheromones have important roles in regulating behavioral and 

endocrine responses (e.g., fear response, reproduction, and parental behaviors; 

Liberles, 2014). The AOS does not mediate all pheromone effects and may mediate 

other chemical cues (Brennan, 2001; Rodriguez, 2005; Baxi et al., 2006). Moreover, 

MOS is shown to be also involved in the detection or identification of pheromones 

(Boehm et al., 2005; Mandiyan et al., 2005; Yoon et al., 2005). Thus, both systems are 

responsible for perceiving different classes of chemical cues (Kelliher, 2007; Wang et 

al., 2007; Grus and Zhang, 2008).  

Olfactory anatomy and physiology 
 
The main olfactory system has olfactory epithelium located at the roof of the posterior 

nasal cavity and inhaled air that include chemical cues is directed towards the 

olfactory epithelium. The olfactory epithelium contains basal cells, supporting cells 

and olfactory sensory neurons (OSNs). The OSNs are bipolar cells that project a 

dendrite to the epithelial surface lining the nasal cavity and their axons form the 

olfactory nerve that crosses the cribriform plate and reach the main olfactory bulb 

(MOB). The dendrite at the epithelial surface has cilia, which expresses odorant 

receptors (ORs) that are capable of interacting with  odorous molecules and converting 
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these chemical signals into electrical signals. The olfactory system has its own genes 

for coding a repertoire of ORs that collectively recognize and discriminate a large 

number of odorous compounds. Within the epithelium, the expression of ORs follows 

the spatial expression pattern in that the OSNs expressing a subfamily of OR genes are 

restricted to an expression zone for the corresponding OR gene subfamily, which 

result in the main olfactory epithelium being divided into spatial zones according to 

the specificity of the corresponding ORs (Ressler et al., 1993; Vassar et al., 1993). The 

subsequent OR neurons also project to MOB following an organized and 

topographical map (Ressler et al., 1994; Vassar et al., 1994). Within the MOB, the 

OSN axons connect with the second order neurons and form glomeruli. Each OSN 

express only one allele of a single OR gene, and one OSN sends its axon to only one 

glomerulus. A single glomerulus connects to axons from OSNs that express the same 

OR (Breer et al., 2017). The spatial pattern of odor perception is maintained at the 

MOB in that OSNs located at the dorsal zone of the epithelium project to the dorsal 

part of the MOB and OSNs at the ventral project to ventral part of the MOB. Within 

the glomerulus, information transmitted by the OSNs is processed by various 

interneurons as it is carried to higher brain centers (e.g., olfactory cortex) through 

projection neurons (Berry et al, 1952; Stevens, 1969; Breer et al., 2017). The specific 

areas of the brain where the olfactory tracts transmit their inputs to including the 

anterior olfactory nucleus, piriform cortex, olfactory tubercle, anterior cortical 

amygdaloid nucleus, the lateral entorhinal cortex and the periamygdaloid cortex 
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(Mascitti and Ortega, 1966; Boeijinga and Van Groen,1984; Room et al., 1984; 

Salazar and Sánchez Quinteiro, 2009).  

 The accessory olfactory system is believed to be mainly involved in 

pheromone-mediated reproductive and social behaviors. The vomeronasal organ 

(VNO), as part of the accessory olfactory system is a paired structure enclosed in 

capsule with a crescent-shaped lumen located at the base of the nasal cavity. The duct 

of the VNO in cats is blind at its caudal end, but its anterior end opens into the incisive 

duct (also called the nasopalatine duct), which connect the VNO with both the nasal 

and the oral cavities (Salazar and Sánchez Quinteiro, 2011). The medial concave side 

of the lumen of VNO is lined by the sensory epithelium; the respiratory epithelium 

lined the lateral side of the VNO lumen (Salazar et al., 1966). Large blood vessels and 

vomeronasal glands are located lateral and dorsal to those areas of the duct wall lined 

with respiratory epithelium (Salazar et al., 1966). These blood vessels and glands are 

innervated by different nerve fibers that control the vessel activity (vessel pump) and 

mucus secretion to the VNO lumen (Meredith, et al., 1980). The neurons in the 

sensory epithelium are involved in the transmission of signals induced by chemicals 

such as pheromones, which project to the accessory olfactory bulb (AOB) that lies at 

the posterior dorsal aspect of MOB. Different from the two path model in the rodents 

and other mammals where the two layers (i.e., apical and basal) of the VNO sensory 

epithelium express two different types of vomeronasal receptors and project to the 

rostral and caudal AOB areas, respectively, the communication between the VNO and 

AOB in cats follows a single path model in that the vomeronasal system uniformly 
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communicate with the type1 vomeronasal receptor, and no spatial zones exist in the 

sensory epithelium and the AOB (Salazar and Sánchez Quinteiro, 2011). The AOB 

does not send signal directly to the olfactory cortex but only to the amygdala and 

hypothalamus through the limbic system (Russchen, 1982; Keverne, 1999). The AOB 

tract conveys the corresponding information to the vomeronasal amygdala, 

specifically to the bed nucleus of the terminal stria, the bed nucleus of the accessory 

olfactory tract, and the medial and postero-medial cortical amygdaloid nucleus 

(Halpern, 1987; Fernandez-Fewell et al., 1994; Halpern and Martinez-Marcos, 2003). 

Since the vomeronasal neurons are isolated from the airstream that passes through the 

nasal cavity during normal respiration, the access to the VNO of stimuli is believed to 

be promoted by flehmen response (i.e., curl of the lip, flick of the tongue and closure 

of the opening to VNO). Pheromones may contain odors as stimuli to induce flehmen 

behavior, and this behavior activates the vesicle pump to promote the access of the 

pheromones to VNO (Keverne, 1999). The mucus in VNO also contains some 

lipocaline proteins that show high affinity for hydrophobic molecules (e.g., fatty 

acids), and they may function as the pheromone-binding proteins to facilitate the 

interaction between these molecules and the sensory receptors (Keverne, 1999). The 

sebaceous glands of the anal sac and cheek glands, as well as the skin produce and 

secrete the Fed-d-1 protein to the saliva, feces, and skin in cats, which is believed to be 

the pheromone-binding protein that maintains the existence of the pheromone 

compounds in the environment (Dabrowski, et al., 1990; Pageat and Gaultier, 2003). 
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 The presentation of the olfactory information at the central brain system is not 

fully understood, even though spatial coding and temporal coding models have been 

proposed (Breer et al., 2017). Both behavioral and physiological changes are often 

induced by the specific odors or pheromones. In mice, the projection of AOB to the 

medial hypothalamus is prominent and selectively innervate systems that regulate the 

reproductive, fear and stress, and the ingestive behaviors (Risold et al., 1997). One 

study using monosynaptic and polysynaptic viral tracers showed that several areas of 

the olfactory cortex sent signals to the corticotropin-releasing hormone (CRH) 

neurons, among which, only a specific area of the olfactory cortex (i.e., AmPir) was 

activated by the volatile predator odors (Kondoh et al., 2016). Studies about other 

brain areas involved in odor-induced fear response (i.e., amygdala, dorsal 

premammilary nucleus, and bed nucleus of stria terminalis) is reviewed by Takahashi 

et al., 2005. In doe and ewe, pheromones from the postcornual gland of males may 

induce a peak of LH in females in estrus (Brown and MacDonald, 1985). In sows, the 

pheromone from the submaxillary glands from a boar caused immobility in sows 

(Brown and MacDonald, 1985).  

 Cats rely heavily on the olfactory system for intra- and inter-specific 

communication, individual identity, territorial marking and hunting (Robinson, 1990; 

Ellis and Wells, 2010). Different glands in body of cats secrete chemical signals, some 

of which (e.g., pheromones) carry highly specific information that are meant for 

intraspecific communication (Hart, 1977; Pageat and Gaultier, 2003). Cats also have 

high sensitivity to odor stimuli (e.g., bleach and fish; Ellis and Wells, 2010). Olfactory 
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enrichment with different odors or pheromones may be applied in specific situations to 

modify behaviors and improve the welfare in cats.  

Olfactory products in cats 
 
Olfactory enrichment involves using odors, pheromones, and plant attractants (e.g., 

catnip and silver vine) to improve physiological and psychological wellbeing of cats 

(Clapperton et al., 1994). Most of the products that target the olfactory systems are 

meant to reduce stress or anxiety in cats. 

Plant products  

As one of the most popular olfactory stimuli in domestic cats, catnip is able to attract 

cats and elicit positive behavioral responses, such as rolling over, self-grooming, and 

chin and cheek rubbing in about half of the cat population (Hart et al., 1977). The 

responses induced by catnip are affected mainly by age of cats (Espín-Iturbe et al., 

2017). The dried catnip plant or its oil was shown not able to affect kittens that were 

younger than 2-month old (Zhang et al., 2018). The major effective compound in 

catnip is cis-trans nepetalactone, and its effect is mediated by the main olfactory 

system instead of the vomeronasal organ (Hart and Leedy, 1985). The exact 

mechanism of the “catnip” responses is not clear. Catnip may activate the reward 

circuitry in the brain, and the ventromedial nucleus of the hypothalamus (VMH) and 

the opioid receptors expressed in this area may be involved (Eapin-Iturbe et al., 2017). 

One study showed that catnip impregnated cloths were most preferred and elicited 

longer time of play but not the general activity level in shelter cats when compared 

with the cloths treated with lavender or rabbit odor (Ellis and Wells, 2010). Another 
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study compared different plant-derived enrichments found that cats responded 

predominantly to catnip and silver vine compared to other plants, such as Tatarian 

honeysuckle and valerian root (Bol et al, 2017). The main effective molecules in the 

silver vine fruit galls are actinidine, iridomyrmecin, and isodihydronepetalactonoe, 

which share similarity with cis-trans nepetalactone in their structures (Bol et al, 2017). 

One other study tried to use olfactory stimuli to improve stereotypic pacing of oncilla 

cats (Leopardus tigrinus) in captivity, and reported that cinnamon but not catnip 

reduced this behavior during and after the enrichment (Resende et al., 2011). Based on 

these studies, plant-originated olfactory enrichments may be useful for increasing 

active behaviors (e.g., play) in cats. 

Pheromone products   

Five major areas on the cat body are known to produce semiochemicals or 

pheromones (Pageat and Gaultier, 2003). Different synthetic pheromone products have 

been evaluated and shown to be effective in modifying cat behaviors in different 

circumstances (Pageat and Gaultier, 2003).  

 Five facial pheromones (F1 to F5), containing mainly volatile fatty acids have 

been identified from the cheek and perioral glands in cats (Brown and MacDonald, 

1985; Pageat and Gaultier, 2003). Three of the facial pheromones (F2 to F4) have 

been described to mainly contribute to the sex, individual or territory marking signals 

in cats (Brown and MacDonald, 1985; Pageat and Gaultier, 2003). The male cats 

deposit F2 to attract female cats in estrus; F3 is been used by cats to mark spots or 

objects that they recognize as “known”; F4, also known as the allomarking 
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pheromone, is involved in social interaction where aggressive behavior is reduced 

between a cat and a marked individual (Brown and MacDonald, 1985; Pageat and 

Gaultier, 2003). The first artificially synthesized cat pheromone was the F3 facial 

pheromone (FeliwayTM), which was shown to have efficacy in reducing stress and/or 

other factor-induced urine marking (Pageat 1997; Frank et al., 1999; Mills and Mills 

2001; Ogata and Takeuchi, 2001) and scratching (Pageat and Gaultier, 2003). 

Synthetic F3 also improved the performance of the cats in a novel environment (e.g., 

such as a holiday home) and during travel (Pageat and Gaultier, 2003). Others reported 

that synthetic F3 is effective in calming cats before venous catheterization (Kronen et 

al., 2006), veterinary consultation (Pereira et al., 2016), and reducing stress (e.g., 

increase of food intake, walking and grooming) during confinement (Griffith et al., 

2000). Synthetic F4 facial pheromone (Felifriend™) in cats reduced fear-induced 

aggression in multi-animal environments or during veterinary handling (Pageat and 

Gaultier, 2003). 

 The secretions from glands of the pedal area are also involved in territory 

marking and are often deposited to the surface when the cat is scratching the objects 

(Pageat and Gaultier, 2003). Some alarm signals seem to be released from this area in 

a fearful cat at veterinary clinic because it induces avoidance behavior in the next 

examined cat (Pageat and Gaultier, 2003). The synthetic interdigital semiochemicals 

in cats (FeliScratch by FeliwayTM) was shown able to increase scratching behavior 

exhibited on cardboard scratchers both by frequency and duration in cats (Cozzi et al., 

2013). This has application in redirecting the “inappropriate” scratching behavior to 
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acceptable spots or objects. Since the mixture of this interdigital semiocemicals 

contains both active compounds from catnip and fatty acids from the cat pedal area, it 

is not clear which compounds are responsible for the induced scratching.  

 Chemical signal secreted in the mammary gland has appeasing action between 

the mother and babies, and therefore is also called appeasing pheromone or maternal 

pheromone (Pageat and Gaultier, 2003). The appeasing pheromone is secreted by the 

sebaceous glands of the sulcus between the two mammary chains in mother queens at 

3 to 4 days after the birth of the litter and last for 6 to 12 weeks (Pageat and Gaultier, 

2003). The synthetic cat appeasing pheromone (Feli-MultiCat) showed positive effects 

in the management of feline aggression in multi-cat households (Cozzi et al., 2010) 

and stress in cats during transport (Gaultier et al., 1998). Chemical cues from the cat 

urine and feces have also been studied. The extraction of volatile compounds from the 

cat urine showed that felinine and its main derivative, 3-mercapto-3-methyl-1-butanol 

(MMB), and some other volatiles including 4-methyl phenol and 3-methyl-3-butenen-

1-ol are the major ones (Miyazaki et al., 2006; Miyazaki et al., 2017). Felinine and 

MMB, which are unique to the urine and feces of domestic cats and other small felids 

(e.g., bobcat), are of higher levels in intact mature males than in females and castrated 

males (Miyazaki et al., 2006). MMB is therefore, believed to be the male sex 

recognition pheromone in the urine of male cats. A recent study reported that the 

volatile profile of the cat feces included MMB and some fatty acids that were also 

detected at the perianal area (Miyazaki et al., 2018). The higher level of MMB, 

propanoic acid, and 4-methyl pentanoic acid were characteristic to feces of the adult 
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intact male cats compared to female cats (Miyazaki et al., 2018). The composition of 

the fatty acids at the perianal area showed individual differences but was not affected 

by sex (Miyazaki et al., 2018). Cats were able to discriminate the feces with or without 

MMB, and the different mixture of fatty acids based on individual cat feces. So far, 

only one published paper studied the effects of cat urine as behavior modifier in cats 

and bobcats, where organic extracts of cat urine induced sniffing and flehmen 

behavior in cats (Miyazaki et al., 2017). One patent reported that the use of I-felinine 

in litter attracts cats to eliminate in the litter box (Patent US 20160309676A1). But one 

other paper reported that the major felinine metabolite, MMB was not effective in 

increasing the use of litter box (McGlone, et al., 2019). More work is needed for 

quantifying the volatile compounds from the cat urine and feces, and seeking broader 

applications for these semiochemicals in cats and other species. 

Multi-sensory approaches to behavioral modification in cats 
 
Different categories of enrichment strategies for modifying behavior in cats have been 

discussed. Cats may benefit more from different enrichments offered simultaneously. 

However most of the studies investigated the effects of these strategies separately or 

by one type for each time, mainly because the analysis and interpretation of the results 

are easier, and interactions between the treatments are avoided (Overall and Dyer, 

2005; Ellis, 2009; Wilson et al., 2015). Only limited studies investigated the effects of 

combined enrichment strategies in modifying cat behavior. In one study, synthetic 

feline interdigital semiochemicals were combined with the scratchers and their 

capacity in inducing the scratching behavior was investigated (Cozzi et al., 2013). 
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Another study compared the effect of control environment, odorless cloth, cloth with 

lavender, with catnip, and with rabbit odor on the activity of shelter cats; the odorless 

cloth itself surprisingly hold some interest to the cat as well as caused changes in 

general behavior, but the cloth with catnip and prey odor encouraged significantly 

more inactive behaviors (Ellis et al., 2010). Others reported that providing social 

interaction (i.e., interaction with humans) as well as enriching the captive environment 

(i.e., addition of hiding spots and climbing structures) might increase activity and 

behavioral diversity, and reduce stress in household cats facing a novel environment 

(Rehnberg et al., 2015). It is common to find a scratcher or a toy in the store packaged 

together with a zipped bag of dried catnip plants. The concept behind is to provide the 

cat with multi-sensory enrichments (i.e., object play plus olfactory stimulus) to 

maximize the benefits. However, the effectiveness of the multi-sensory enrichment 

strategies on modifying cat behavior have not been investigated in detail yet, and 

information about their long-term effects on general activity and wellbeing of the cats 

is missing. 

Methods for studying behavioral modifications  
 
Studies that focus on behavioral modifications in cats and dogs adopted different 

design methods and experimental settings to solve the problems. 

Preference assessment 
 
Preference studies that involve behavioral modification in cats usually compare the 

effectiveness of different interventions (e.g., toys, floor substrate). However, most of 
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the studies did not adopt classic preference tests. Cats were either randomly assigned 

to different types of treatments (Ellis and Wells, 2010), or repeated measures were 

conducted on the same cats (De Monte and Le Pape, 1997; Cozzi et al., 2013). The 

classic paired-stimulus preference test, even though shown to be effective in assessing 

preference with animal subjects (Vicars, et al., 2014), may take more time and effort 

when obtaining the rank information of preference towards different options is 

required (Hall et al., 2017). One other option is to do the non-complete pair-wise 

comparison and always compare the preferred treatment from the last test to another 

treatment (Chen et al., 2017), and the ranking information will not be obtained or may 

not be accurate. Providing the different treatments simultaneously (i.e., multi-stimulus 

preference test) is another option and ranking information may be obtained, but 

interference between treatments may affect the preference of the cat towards these 

treatments. One study using the multi-stimulus free operant preference assessment 

reported that even with strong individual difference, social interaction with humans 

through toy play, followed by food was preferred when compared to only toy and 

scent in shelter and pet cats (Shreve et al., 2017). Church et al. (1996) also applied the 

multi-stimulus free operant method to compare the cat preferences of varying ratios of 

dry foods in both farm and household cats.  

Neuroscience studies 
 
Neuroscience studies are usually applied in basic research to provide evidences for 

understanding the development and physiology of certain behavior. Large number of 

animals are often sacrificed because separate groups of animals may be used at 
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different time points for recording behavioral and neurophysiological changes 

occurred during the experiment (Barnes et al., 2008). Modern techniques such as 

functional magnetic resonance imaging (fMRI) make it possible to observe some 

physiological changes over time within one individual (Jia et al., 2014, 2015). 

However, training a conscious animal to stay still for even a few minutes is difficult. A 

few studies have used fMRI to study olfactory activity in dogs (Jia et al., 2014, 2015), 

but similar studies in cats are lacking.   

Controlled setting (laboratory and shelter evaluations) 
 
The major advantage of using lab cats for studies is that the environmental effects can 

be minimized, especially compared to studies with household cats. The caretaking 

schedule and environmental settings can be controlled or changed easily according to 

the research purposes. Laboratory animals can also be bred to minimize certain 

variances (e.g., breed, sex, age difference). One other advantage is that lab cats are 

often exposed to restraint and interaction with the researchers, therefore the necessary 

confinement and novel social interactions during experiments is less stressful to 

laboratory cats than to household cats (Carlstead et al., 1993; Rand et al., 2002).  

 The major disadvantage of using laboratory cats is that they are usually housed 

in an environment with limited space and little enrichment, which can be very 

different from the situations of household cats (Overall and Dyer, 2005). Therefore, 

results from studies on environmental enrichment using laboratory cats are difficult to 

be applied to the household population. One paper reported that both with a log and a 

ball significantly increased the time of being active in 10 adult individually-caged 
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male cats (De Monte and Le Pape, 1997). This might not be enough for enriching 

household cats since they have more enrichment in their living environment (e.g., 

outdoor access, owner interaction). The findings about behaviors or welfare from the 

research using laboratory cats may only be applied to cats housed in similar 

environments as laboratory cats. 

 Shelter cats differ from household cats in a similar way as laboratory cats. 

However, shelter cats come from a more varied background (e.g., stray and 

relinquished), and face more stress than household cats (e.g., limited space, unfamiliar 

cats, noise, lack of enrichment and chronic disease; McCobb et al., 2005; Tanaka et 

al., 2012).  Studies that use shelter cats often seek to reduce stress and improve the 

welfare of this population (Kessler and Turner, 1999; Kry and Casey, 2007; Vinke et 

al., 2014). Research on these cats may have limited applications on household cats. 

However, the primary reasons for cats being relinquished, abandoned or euthanized 

are behavioral problems, and shelter cats may serve as useful models for evaluating 

the effects of interventions in modifying problematic behaviors in cats (Kessler and 

Turner, 1999; Kry and Casey, 2007; Vinke et al., 2014).   

Surveys  
 
One advantage of survey-based studies is that obtaining large sample size is not as 

difficult as experimental studies. The data from larger sample size in these studies can 

be analyzed using powerful statistical methods (e.g., multiple correspondence 

analysis; Wilson et al., 2015). Results from survey-based studies can have broader 

application since the cats are usually randomly selected and the sample size is large 
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enough (Mills et al., 2011; Mengoli et al., 2013; Wilson et al., 2016; Moesta et al., 

2017). However, survey-based studies often adopt the methodology involving more 

subjective evaluations including questionnaires and phone calls, and this may affect 

the reliability of the results, especially when the changes are subtle and/or the owner is 

biased (Heidenberger, 1997; Ogata and Takeuchi, 2001; Pryor et al., 2001). Data 

analyses for these studies often needs to include many other factors, and the 

interpretation of the results can be complicated (Horwitz, 1997; Wilson et al., 2015).  

At-home studies 
 
Studies using household cats in their home environments may serve as a good model 

for evaluating behavioral interventions because the subjects are highly representative 

of household cats.  

 Similar to survey studies, one of the disadvantages of using household cats is 

that dramatic individual difference exists (e.g., owner behavior, age, sex, former 

experience, temperament and the external environment of the cat; Mills et al., 2011; 

Rehnberg et al., 2015). Studies have adopted repeated measures to determine the 

treatment effects and reduce individual difference (Quimby et al., 2011; Nibblett et al., 

2015). Additionally, in-home studies are not able to provide the researcher with a 

convenient research environment, especially when the behavioral observation is 

required for extended period of time. For this reason, some of household studies also 

take the forms of questionnaire or phone visit (Heidenberger, 1997; Ogata and 

Takeuchi, 2001; Pryor et al., 2001).  
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Studies on long-term effects of interventions 
 
The effects of some behavioral modifying strategies takes long to become obvious, or 

habituation will occur after repeated exposure (Ellis, 2009; Ellis and Wells, 2010; 

Mills et al., 2011). Longer experimental period is necessary in these type of studies. 

Loss of subjects during the experimental period, or missing data for repeated measures 

may be the major concerns.  

Objectives and Hypothesis  
 
The development of obesity and being overweight has become common in domestic 

cats and being indoor, neutering, limited time for exercise, and excessive energy 

intake are the main risk factors. Common strategies for solving this problem include 

restricting the energy intake, feeding animals with therapeutic food, enrollment in the 

exercise programs, and providing pharmacologic reagents. Reduced activity level and 

behavioral diversity is common in overweight and obese cats, which is also common 

in cats under stressful circumstances. Different environmental and sensory enrichment 

has been applied to reduce stress and improve wellness in household and shelter cats. 

The provision of enrichment, such as toys and scratchers to overweight/obese cats may 

increase the activity and reduce their time being inactive, therefore may facilitate 

weight management. Cats also habituate to object play quickly and combining the 

olfactory stimuli with object enrichment may increase the attractiveness of this 

enrichment and potentially increase the frequency and duration of the interactions 

between cats and enrichment. 
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Specific Objectives  
 

1. Determine the preference of cats towards standing scratchers covered with 

rope, sofa fabric, carpet, and cardboard as well as between the preferred 

standing scratcher and the S-shaped cardboard.  

2. Identify and quantify semiochemicals from cat urine and feces. 

3. Investigate the effectiveness of olfactory stimuli (i.e., cat interdigital 

semiochemicals, cat urine/feces semiochemicals, and powdered catnip and 

silver vine gall fruit) in inducing scratching and play in cats when applied to 

scratchers.  

4. Evaluate the long-term effects of the preferred scratcher with the most 

efficacious olfactory stimuli on modifying behavioral pattern and managing 

body weight in cats.  
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CHAPTER III 

SCRATCHER PREFERENCE OF ADULT CATS 

Abstract 
 
Inappropriate scratching is a problematic behavior for cat owners. Scratching furniture 

may be reduced and redirected to provided scratching devices. Survey-based studies 

suggest that cats may have a preference towards scratchers, but experimental evidence 

is lacking. The present study investigated cat preference of scratchers with different 

shapes and covering materials. Paired- and multiple-stimulus preference tests were 

performed in homes with pet cats. Frequency and duration of scratching and 

interactions (i.e., scratching and other active behaviors), as well as calculated 

preference indexes (PI) of these measurements were compared between/among 

scratchers. In Experiment 1, a laying S-shaped cardboard and a standing cardboard 

scratcher were compared for the duration and frequency of interactions and scratching, 

which were analyzed by the Wilcoxin signed rank test, and no statistical differences 

(N = 7 houses; P > 0.10) were observed between the two type of scratchers. A 

preference for the standing scratcher over the S-shaped cardboard was found based on 

the PI of both scratching and interactions (N = 7 houses, 18 cats, P < 0.01). Neutered 

male (NM) cats (N = 6, P ≤ 0.05) but not spayed female (SF) cats (N = 12, P > 0.10) 

had higher PI of measurements of the standing cardboard than the S-shaped one. In 

Experiment 2, scratchers covered with rope, cardboard, sofa fabric, and carpet were 

compared and data analyzed using the Freidman’s test. Cat preferences of different 

covering materials were observed (N = 14 houses, P < 0.05) when daily scratching and 



Texas Tech University, Lingna Zhang, May 2019 

54 
 

interactions were evaluated and scratchers covered with rope and cardboard were 

preferred (N = 14 houses, P < 0.05) over those covered with sofa fabric. Analyses of 

the PI suggested similar results on the preference of scratching materials, and sex by 

treatment interaction was not observed (N = 14 houses, 25 cats, P > 0.10). In 

conclusion, scratching devices in a single upright standing form and covered with 

cardboard and rope are good candidates for encouraging scratching behavior, and may 

be applied to redirect the inappropriate scratching in household adults cats.  

Introduction 
 
Scratching is within the normal behavioral repertoire of cats, serving to sharpen and 

remove nail sheath, leave visual and olfactory marking, and stretch the body (Hart, 

1972; Heath, 2007). Scratching exhibited on furniture, referred to as inappropriate 

scratching, was the second most often mentioned problems in household cats 

(Heidenberger, 1997). The chance of relinquishment of a cat to a shelter is increased 

by inappropriate scratching, together with other behavioral problems, such as 

aggression, and inappropriate urine marking and elimination (McCabe and Ecker, 

1996). Inappropriate scratching was expressed in 15% to 42% of the cat population 

(Morgan and Houpt, 1989; McCabe and Ecker, 1996; Heidenberger, 1997), and was 

reported in 84% of the cats (N = 115) presented at one animal clinic in USA (Moesta 

et al., 2017). A more humane solution to the problem, in alternative to declawing, is to 

redirect the scratching behavior to a designated scratching device. Scratchers 

presented in the environment provide cats with the opportunity of expressing this 

natural behavior while reduce the destructiveness to the furniture or carpet (Moesta et 
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al., 2017). Cats appear to use the scratchers existing in their living areas (Mengoli et 

al., 2013), and they reduce the frequency of scratching the furniture or carpet when a 

scratching device is placed next to the furniture (Moesta et al., 2017). Several surveys 

have reported that cats have preference of scratchers with different shapes and 

materials used to make the scratchers (Mengoli et al., 2013; Wilson et al., 2016; 

Moesta et al., 2017). Trial-based studies on cat’s preference of scratchers are limited. 

A recent study in kittens showed that the laying S-shaped cardboard was mostly 

preferred over the other scratchers tested (Zhang et al., 2018). But the preference of 

scratchers in adult cats is unknown. The current study applied paired- and multiple-

stimulus preference test, in which individuals have free access to interact with an array 

of stimuli (Roane et al., 1998; Shreve et al., 2017), to evaluate the preferences of adult 

household cats towards an S-shaped cardboard and standing scratchers with different 

covering materials.  

Methods 

General 
 
All procedures were approved by the Texas Tech University Institutional Animal Care 

and Use Committee (Protocol #17010-02). Research was conducted in the households 

of cat owners. 

Animals 
 
Thirty two healthy adult household cats, 13 neutered male (NM) s, and 19 spayed 

female (SF) s from 17 houses were included. The age of the cats ranged from one to 
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14 years old. Different but over-lapping cats were used for the two experiments. 

Experiment 1 included 18 cats (6 NM and 12 SF cats) from 7 houses and experiment 2 

included 25 cats (10 NM, and 15 SF cats) from 14 houses. Intact cats were removed 

from statistical analyses due to a small sample size. 

Procedures 
 
Treatment and settings 

The standing scratcher covered with cardboard and the S-shaped cardboard, which 

was shown preferred by kittens (Zhang et al., 2018) were compared in the first 

experiment (Figure 3.1). In the second experiment, four similar standing scratchers 

covered with the most commonly seen materials (i.e., carpet, rope, cardboard, and 

fabric; Figure 3.2; Wilson et al., 2016; Moesta et al., 2017) were compared. The 

scratcher covered with sofa fabric had a layer of sponge (10 mm thick) in between the 

fabric and the wood column to mimic the texture of a sofa surface.  
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Figure 3. 1. Left: S-shaped cardboard. Right: cardboard standing scratcher. The 
standing scratcher was made of a square wood stick (5cm × 5cm) covered with round 
stacked cardboard and attached to a square wood board. One centimeter height of the 
cardboard column contained four pieces of the stacked round cardboard. 
 

 

Figure 3. 2. From left to the right: standing scratchers covered with cardboard, sofa 
fabric, carpet, and rope. All the scratchers were in the same size as the standing 
cardboard scratcher in Figure 3.1. The carpet fiber was 10mm long; a sponge layer 
(10mm thick) was placed in between the sofa fabric (2mm thick) and the wood 
column; the rope used for covering the scratcher was 10mm thick.  
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 All scratchers compared for each time were lined together in an area where the 

cat/cats hang out often, and the order of the scratchers was randomized at each 

owner’s place. Cat/cats had access to all the offered scratchers simultaneously for 4 to 

7 days during each test. 

 The scratchers were reused in the study. They were cleaned and sprayed with 

the Nature’s Miracle unscented odor remover (Spectrum Brands, Inc.), and let dry for 

three days before being used in the next test to avoid or minimize the exposure of 

odors/semiochemicals from the former cats. 

Behavioral measurements 

Night-vision cameras were set up at appropriate locations to record behaviors of the 

cat/cats that were related to the interactions with the scratchers for the experimental 

period. A single trained personnel watched the videos, and recorded how long 

(duration) and how often (frequency) daily scratching and interactions occurred 

between the cats and the scratchers over the experimental period (one week). The 

videos were watched with the fast-forwarding method to first capture the burst of 

interactions between cats and scratchers, and within the burst of interaction, video was 

then watched with continuous sampling. The definitions of scratching and interactions 

were shown in Table 3.1. The interactions mentioned in the current study and 

following studies referred to the total interactions, which included scratching and other 

non-scratching interactions. The same personnel repeated the coding for 36% (9 out of 

25 cats) of the videos obtained from Experiment 2. High intra-observer agreements 

were found for the behavioral measurements based on Spearman’s rank-order 
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correlation (scratching duration, ρ = 0.994, P < 0.0001; interaction duration, ρ = 0.992, 

P < 0.0001; scratching frequency, ρ = 0.985, P < 0.0001; interaction frequency, ρ = 

0.985, P < 0.0001).  

Table 3. 1. Behavioral repertoires of the interactions between a cat and a scratcher. 
Behavior Definition 
Scratching With front claws extended, cat gripping the material, and 

its claws withdraw and extend alternately (Landsberg, 
1991) 

Interaction 
- not scratching 

Other active behaviors exhibited on the scratcher, 
including climbing on the scratcher; rolling and rubbing 
against the scratcher; scratching the edge of the base board 
of the standing scratcher; kicking or patting the scratcher 
while being alone or interacting with other members in the 
house  

Total interaction Sum of scratching and non-scratching interactions 

Statistical analysis 
 
Duration and frequency of scratching and interaction between the cats and the 

scratchers were averaged over the testing period (one week) to obtain the daily 

measurements. Assumptions of parametrical analyses were not met based on the 

Shapiro-Wilks test and Levene’s test, and data were analyzed mainly using 

nonparametric methods. All cats in one house were treated as one experimental unit 

and measurements were averaged for all the cats from the same house for the non-

parametric test. The Wilcoxon signed rank test was used to compare measurements of 

the standing scratcher with those of the S-shaped cardboard in Experiment I. In the 

second experiment, main treatment effects (i.e., four covering materials) were 

analyzed using the Friedman test based on ranks for comparing the frequency and 

duration of the daily scratching and interaction with the four standing scratchers.  
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For both experiments, preference indexes (PI) of different measurements (i.e., 

frequency and duration of the daily scratching and interaction) of each type of 

scratcher were calculated for individual cats as one measurement of that scratcher type 

divided by the measurement summed for all types of scratchers compared. The PI data 

were then transformed using the arcsine square root and analyzed as block design 

using GLIMMIX procedure in SAS 9.4 (SAS Inst., Inc., Cary, NC). The model 

included sex and treatment and the interaction between sex and treatment (sex*trt) 

with house and cat as random effects. Significant differences were declared at P ≤ 

0.05 and a tendency at 0.05 < P ≤ 0.10. 

Results  

Standing and S-shaped cardboard scratcher 
 
When the laying S-shaped cardboard and the standing cardboard scratcher was 

compared, scratching and interaction related measurement were not statistically 

different (Table 3.2; N = 7 houses; P > 0.10) based on the Wilcoxon signed rank test. 

Preference indexes of all measurements obtained from the standing cardboard were 

larger than those from the S-shaped cardboard (Table 3.3; N = 7 houses, N = 18 cats, 

P < 0.01). Treatment by sex interactions on the preference indexes of measurements 

were significant for scratching duration (F1,16 = 4.42, P = 0.05), interaction duration 

(F1,16 = 7.12, P = 0.02), scratching frequency (F1,16 = 6.6, P = 0.02) and interaction 

frequency, F1,16 = 7.12, P = 0.02 ). Higher preference indexes of the standing 

cardboard than the S-shaped cardboard were observed in NM cats (P ≤ 0.05) but not in 

SF cats (P ≥ 0.05; Figure 3.3). 
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Table 3. 2. Comparison of the behavioral measures between the standing and S-
shaped cardboard scratchers in adult household cats (N = 7 houses). 

Behavioral Measures 
Scratcher Type 

SE1 Statistics2 P-
value3 S-shaped Standing 

Scratching duration (s/day) 8.87 19.2 3.12 8.0 0.22 
Interaction duration (s/day) 12.0 24.8 4.08 6.0 0.38 
Scratching frequency (times/day) 

  
 

1.51 2.57 0.45 7.0 0.30 
Interaction frequency (times/day) 1.80 2.99 0.50 7.0 0.30 
Duration per scratching (s) 6.35 7.01 0.94 4.0 0.59 
Duration per interaction (s) 7.57 7.86 1.00 4.0 0.58 

1Standard error of Least squares means.  
2, 3 Statistics and significant levels for the main effect of scratcher type using the 
Wilcoxon signed rank test.     
 

Table 3. 3. The effects of scratcher type (S-shaped versus standing) on the preference 
index (PI) of behavioral measures in adult household cats (N = 7 houses, 18 cats). 

Measurements preference index1 
Scratcher type  

F(1, 16) P-values2 S-shaped 
 

Standing 
 Daily scratching duration PI 0.26 

 
0.74 

 
12.9 0.003 

Daily interaction duration PI  0.28 
 

0.72 
 

11.7 0.004 
Daily scratching frequency PI 0.27 

 
0.73 

 
15.6 0.001 

Daily interaction frequency PI 0.28 
 

0.72 
 

16.4 0.001 
1Reverse-transformed data.  
2Significant levels of treatment effect on arcsine square root transformed data.  
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Figure 3. 3. The effects of the interaction between sex, spayed female (SF, N = 12) 
and neutered male (NM, N = 6), and treatment (i.e., S-shaped versus standing 
cardboard scratcher) on the reverse-transformed preference index of behavioral 
measurements in adult household cats (N = 7 houses). a,b,c Least squares means of 
arcsine square root transformed data differ within each measurement (P ≤ 0.05). 

 

Standing scratchers with different covering materials 
 
Main treatment effects were observed for most of the behavioral measures, including 

the daily duration of the scratching (N = 14 houses, N = 25 cats, P = 0.002) and 

interaction (P = 0.01), and frequency of the scratching  (P = 0.01) and interaction (P = 

0.01) between the cat and each scratcher, as well as the average duration of each 

scratching (P = 0.005), while the difference among scratchers was tended to be 

significant (P = 0.08) for the duration of each interaction (Table 3.4). Specifically, 

these behavioral measurements were higher (P ≤ 0.05) in scratchers covered with 

cardboard and rope than in scratchers covered with sofa fabric (Table 3.4). Higher 

duration of each scratching was observed in scratchers covered with cardboard and 

c c c c

a a a a

bc bc bc bc

ab ab ab ab

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Daily scratching
duration

Daily interaction
duration

Daily scratching
frequency

Daily interaction
frequency

Pr
ef

er
en

nc
e 

in
de

x 

Measurement

NM S-shaped
NM Standing
SF S-shaped
SF Standing



Texas Tech University, Lingna Zhang, May 2019 

63 
 

rope than in those covered with carpet and sofa fabric (P ≤ 0.05; Table 3.4). Analyses 

on the preference indexes of different measurements indicated similar results in terms 

of the main treatment effect of covering materials (Table 3.5); No significant sex by 

treatment interaction was not found with the PI (P > 0.10).         
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Table 3. 4. Effects of covering materials (cardboard, CB; sofa fabric, SF; carpet, and rope) on the behavioral measures in cats (N = 14 
houses) related to scratching and interaction with the scratchers. 

 

 

 

 

 

 

 

 

 

 1Standard error of Least squares means.  
2Significant levels for the main effects of the covering type.   
a,b Within a row, measures without a common superscript differ (P ≤ 0.05) due to the scratcher covering type based on the Freidman’s 
test.   
 
Table 3. 5. The effects of scratcher covering material (cardboard, CB; sofa fabric, SF; carpet, and rope) on the preference index (PI) 
of behavioral measures in adult household cats (N = 14 houses, 25 cats). 
Measurements preference index1 Scratcher covering material  F(3, 69) P-values2 CB SF Carpet Rope 
Daily scratching duration PI 0.34a 0.08b 0.12b 0.28a 5.14 0.003 
Daily interaction duration PI  0.25a 0.12b 0.15ab 0.32a 7.12 0.02 
Daily scratching frequency PI 0.30a 0.09b 0.16ab 0.27a 6.60 0.02 
Daily interaction frequency PI 0.24a 0.17b 0.21ab 0.29a 7.12 0.02 

1Reverse-transformed data.  
2Significant levels of treatment effect on arcsine square root transformed data.  
a,b Within a row, measures without a common superscript differ (P ≤ 0.05) due to the scratcher covering type.

Behavioral Measures  Scratcher covering material SE1     F(3,39) P-value2 
CB SF  Carpet Rope 

Scratching duration (s/day) 8.62a 3.51b 4.01a 6.61a 1.58 5.98 0.002 
Interaction duration (s/day) 11.5a 13.2b 9.00ab 13.1a 5.13 4.03 0.01 
Scratching frequency (times/day) 1.06a 0.51b 0.65ab 1.04a 0.20 4.38 0.01 
Interaction frequency (times/day) 1.37a 0.91b 1.30ab 1.48a 0.40 4.08 0.01 
Duration per scratching (s) 7.39a 4.17b 4.44b 5.80a 1.04 4.96 0.005 
Duration per interaction (s) 7.74 8.77 6.08 6.12 1.80 2.47 0.08 
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Discussion 
 
Studies based on surveys have reported that cats prefer the narrower, upright type 

scratchers than laying ones (Wilson et al., 2016; Moesta et al., 2017). A preference of 

standing cardboard scratcher over the S-shaped cardboard in adult cats was also found 

in the present study as indicated by the higher preference indexes of measurements in 

the standing cardboard than the S-shaped cardboard, but only in the neutered males 

not in the spayed females. The sex difference may be due to the unequal sample size 

of the neutered males (N = 6) and spayed females (N = 12). Studies have reported sex 

to play a role in the expression of inappropriate scratching (Mengoli et al., 2013; 

Wilson et al., 2016), but little information is available about the sex effects on the 

preference of scratchers in cats, which requires further study. Our former study based 

on trials has shown that kittens (< two months old) prefer the S-shaped cardboard over 

most of the other scratchers compared (e.g., cardboard of different shapes, standing 

and laying board covered with carpet and window screen, and standing scratchers 

covered with rope; Zhang et al., 2018). The reason for this difference in the 

preferences of scratchers in kittens and adult cats is unknown, but could be related to 

the timing of behavioral development in kittens. Cats start to exhibit the typical 

scratching behavior at about 5-weeks old (Landsberg, 1991); this behavior might not 

be fully developed in the kittens from the study of Zhang et al. (2018). Kittens might 

prefer the material of cardboard in general and none of the standing scratchers 

compared in the study were made of cardboard (Zhang et al., 2018). Immature cats 

scratch for the purpose of exploration and play, while adult cats have to scratch the 
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right scratcher (i.e., right shape with right material at the right location; Mengoli et al., 

2013). Kittens being less “picky” can be another reason for them showing preference 

to the laying S-shaped cardboard over standing scratcher because the laying ones 

might just be easier to use.  

 Cats in the current study prefer standing scratchers covered with rope and 

cardboard over sofa fabric and carpet, which partially agrees with Wilson et al. (2016), 

who reported that cats scratch rope most frequently even though carpet is the most 

often offered scratching substrate. The current study were the first to report cardboard 

as one of cat’s favorite scratching materials. Cardboard is often served as the laying 

scratching pads in stores and is rarely made into the standing scratchers used in the 

present study. The serving form of the cardboard might explain the difference between 

our findings and those of Wilson et al. (2016) in terms of cat’s favorite scratching 

substrates. Since most of the cats (> 80%) in this study did use the scratchers provided 

in their environment, scratching exhibited on the furniture (e.g., sofa covered with 

fabric and carpet) may be redirected when a preferred scratcher is provided in the 

environment. Developing methods (e.g., application of olfactory stimuli) to increase 

the attractiveness of the scratchers might extend the service life of a scratcher, reduce 

the destructions made to the furniture and potentially enrich the environment for the 

cats.  
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Conclusion 
 
The current study showed that standing scratchers were preferred by cats, especially 

by males. Cats also liked the scratching substrates of cardboard and rope more than 

carpet and sofa fabric. Standing scratchers covered with cardboard and rope might be 

good choices of scratching devices for adult cats. The favored scratchers placed at the 

right location in the environment might effectively redirect and reduce the 

inappropriate scratching exhibited to the furniture by cats, which will ensure the 

welfare of the cats as well as the owners. 
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CHAPTER IV 
 

IDENTIFICATION AND QUANTIFICATION OF POTENTIAL 
SEMIOCHEMICALS FROM CAT URINE AND FECES 

Abstract 
 

Research on the identification and quantification of potential semiochemicals in 

the cat urine and feces is limited. Intact adult cats were compared for the sex difference 

of the volatiles in their urinary (N = 7 females, 7 males) and fecal samples (N = 8 

females, 10 males) using gas chromatography - mass spectrometry (GC-MS). Males had 

7 times higher concentration of 3-Mercapto-3-Methyl Butanol (MMB, P < 0.001) in the 

urine and 98% higher butanioc acid (P = 0.02) in the feces than females. The estimated 

amount of MMB (0.1µL) and butanoic acid (100 µL) from one elimination of a male 

cat was dissolved in one mL of mineral oil (volatile-containing solution), and evaluated 

for its effectiveness in modifying the use of scratchers in cats, with mineral oil served 

as the control solution. Two similar cardboard standing scratchers were treated with the 

control and volatile-containing solution delivered through socks hanging on the 

scratchers. The two scratchers were placed side by side, and a total of 28 cats, including 

7 intact males (M) and females (F), and 7 spayed females (SF) and neutered males 

(NM), were allowed to interact individually and freely with the scratchers for 20 mins. 

Volatile-containing solution significantly decreased scratching duration (21.19 vs 6.08 

± 3.8 s; P < 0.0001) and frequency (1.49 vs 0.82 ± 0.3 times; P = 0.07), as well as the 

interaction duration (31.54 vs 12.90 ± 5.9 s; P = 0.0001) compared with the control 

solution based on the Wilcoxon signed rank test. Preference indexes (PI) were 
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calculated as measurements from one scratcher divided by the measurements summed 

for both the control and volatile-treated scratchers. The PI data were analyzed and the 

effects of cat sex and treatment were evaluated. Volatile-treated scratcher had 

significantly lower PI of scratching and interaction duration and frequency compared to 

the control scratcher. A significant treatment by sex interaction (P = 0.03) was observed 

for PI of interaction duration, which was significantly higher with the control scratcher 

than that with the treated scratcher in intact cats but not (P > 0.10) in castrated cats. The 

male-representative mix of MMB and butanoic acid had aversive effects in cats and 

might have the application in protecting the furniture from the destructive scratching 

exhibited by household cats. 

Introduction 
 
Cats rely heavily on the olfactory communications for individual identity, territory 

marking, reproduction, and alarm and maternal recognition (Pageat and Gaultier, 2003). 

Candidate pheromones have been reported in cats. The facial pheromones, mammary 

appeasing pheromones, and the pedal interdigital pheromones have been studied and 

applied to solve behavioral problems in cats (Pageat and Gaultier, 2003; Cozzi et al., 

2013). Less work has been done on the identification and application of potential 

pheromones from the cat urine and feces. Felinine and its volatile derivatives, including 

3-mercapto-3-methyl butanol (MMB) and 3-mercapto-3-methylbutyl formate can be 

detected in the urine exclusively in cats and some small felids like bobcats and leopards 

(Miyazaki et al., 2006). MMB, with a characteristic sulfur odor is believed to be the 

male cat sex recognition pheromone in that a higher level of MMB exists in the urine of 
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mature male cats than in mature females and castrated males (Miyazaki et al., 2006). A 

recent study reported that feces from intact male adult cats had higher levels of 

propanoic acid, 4-methyl-pentanoic acid, as well as MMB than feces from non-estrus 

intact females (Miyazaki et al., 2018). The same volatile fatty acids were also detected 

at the perianal area and were suggested to serve the purpose of individual but not sex 

identification (Miyazaki et al., 2018). The study evaluating the cat urine as behavioral 

modifier has shown that organic cat urine extracts attracted both cats and bobcats, and 

induced sniffing and the flehmen behavior in cats (Miyazaki et al., 2017). A patent 

reported that the use of I-felinine in litter attract cats to eliminate in the litter box (Patent 

US 20160309676A1), but others disagreed and reported that the major felinine 

metabolite, MMB did not increase the use of litter box in cats (McGlone, et al., 2019). 

The current study quantified the major volatile compounds from cat urine and feces that 

differed between intact male and female cats, and investigated the effects of these 

molecules on the use of scratchers in cats.  

Methods 
 

General 
 

All research was approved by the Texas Tech University Institutional Animal 

Care and Use Committee (Protocol 17010-02). Cats included in the study were 

recruited from owners and the local shelter (Lubbock Animal Shelter and Adoption 

Center, Lubbock, Texas). 
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Animals 
 
Ten intact male and eight intact anestrous female adult cats (≥ 1 yr of age) were included 

for sample collection. Cats were housed individually in kennels measured 90 cm × 65 

cm × 75cm with segregated areas for defecation, feeding and resting. They were fed 

the same diet (Hill’s, Science Diet Optimal CareTM, premium natural cat food, Chicken 

Recipe) for at least three weeks before sample collection. 

Seven intact male and female cats from the shelter (the same cats as included for 

sample collection) and seven castrated male and female household cats were included 

for the behavioral assay.  

Procedures 
 
Sample collection 

Samples were collect in December, 2018 and none of the female cats showed signs of 

being in heat (e.g., increased frequency of calling, lordosis and other sexual behaviors; 

Beaver, 1992). Unscented nonabsorbent litter (Petconfirm, Nancy Ridge Technology 

Center, CA) was used. Fecal samples were collected either from the litter box or with 

the free-catching method. The researcher checked the litterbox every 30 minutes during 

the day (from 8:00am to 6:30pm) for urine and feces. The potentially contaminated 

samples were discarded. Urine was collected with centrifuge tubes (Conical Centrifuge 

Tubes, Falcon®, USA) and fecal samples with whirl-pack bags (Sigma-Aldrich, U.S.A). 

Samples were placed on ice, transferred to the lab and stored in - 80 ℃.  

Urine extraction 
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Urine was thawed at room temperature and added NaCl till saturation to precipitate 

urinary proteins. The urine was then vortexed and centrifuged at 3000 rpm, 15 C˚ for 

10 minutes. The supernatant was filtered with a 0.2 µm cellulose Acetate (CA) syringe 

filter (Whatman, GE Healthcare, UK) and 9 mL of the filtered urine was added to 1mL 

of internal standard, 200ppm 4-ethyl phenol (97%) diluted in ddH2O. The 10 mL mix 

was then vortexed and filtered through a reversed phase HyperSep C18 SPE cartridge 

(2g bed weight; 40-60 µm particle size; 60 Å pore size; 15 mL column capacity; Thermo 

Fisher Scientific, Bellefonte, PA) at a steady rate of around 0.25 mL/sec using a 12-

valve vacuum manifold (Thermo Fisher Scientific, Bellefonte, PA). The cartridge was 

previously conditioned with 10 mL of acetonitrile and 10 mL of water. After the 

filtration, the cartridge was washed with 10 mL water, and centrifuged at 3000 rpm, 15 

C˚ for 3minutes to remove the extra water. The cartridge was subsequently eluted with 

2 mL acetonitrile to a clean centrifuge tube. Each of 0.1g NaCl and MgSO4 was added 

to the eluted sample to separate the aqueous layer. After 15 minutes, the upper layer was 

carefully transferred to a 2 mL screw-capped Gas Chromatography (GC)-vial for 

chemical analysis (Thermo Fisher Scientific, Bellefonte, PA).  

Feces extraction 

Two grams of frozen feces was placed in a centrifuge tube, and added 0.5 µL of 

heptanoic acid (> 99%) as the internal standard. Sample was mixed with 5 mL of 

acetonitrile and vortexed for one minute. The sample was then centrifuged at 3,000 rpm, 

15 C˚ for 10 minutes. Once centrifuged, the supernatant was filtered with a 

polytetrafluoroethylene (PTFE) 0.2 µm syringe filter (VWR North America, Denver, 
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CO). Each of 0.1g NaCl and MgSO4 was added to the filtered solution to separate the 

aqueous layer. After 15 minutes, the upper layer was carefully transferred to a GC-vial 

for chemical analysis. 

Gas chromatography- mass spectrometry (GC-MS) Conditions 

Compounds of interest were identified by matching the obtained mass spectra with a 

reference library in the instrument control software. The identity of major peaks was 

further confirmed by comparing the mass spectra and retention time with analytical 

standards.  

 The fecal and urinary extracts were analyzed using GC-MS (Thermo Trace GC-

MS Ultra, Thermo Fisher Scientific Inc., San Jose, CA; Split/Splitless injection with 

ISQ Quadrupole Mass Spectrometry detector) that was equipped with an SPB-PUFA 

capillary column (30 m length x 0.25 mm i.d. x 0.20 μm; Sigma-Aldrich, U.S.A) with 

poly alkylene glycol-bonded stationary phase. One microliter of the sample was injected 

by an auto sampler in splitless mode into the injection port that was pre-heated to 250 

°C. Helium was the carrier gas and flowed at 1.2 mL/min. The temperature program of 

the oven was as follow: 100 °C for 2 min, then increase by 7 °C / min to 210 °C, and 

then held at 220 °C for 15 min. The temperature of the mass spectrometer ion source 

was 225 °C during analysis. Mass spectra was recorded in electron-impact (EI) mode at 

70 eV with a mass range from 40 to 450 amu. Compounds of interest were identified by 

matching the obtained mass spectra with the library data of the instrument control 

software. The mass spectra and retention time of analytical standards running on the 

same protocol, was applied to further quantify and qualify the compounds of interest. 
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Behavioral Assay 

The experimental room was the playing room at the shelter that measured 4.39 m × 3.63 

m and served the purpose of allowing interaction between the visitors and cats. The 

room had a standing bookcase, a table, a cat tree and some toys, which were removed 

from the testing area during the trials. Two socks rinsed either with the placebo or the 

volatile-containing solution, were hang on two identical cardboard standing scratchers 

separately. The two scratchers were placed side by side in the room and switched sides 

between each trials (Figure 4.1). A camera was set in front of the scratchers to video-

tape the process. Cats were introduced to the experimental room one at a time and they 

were given 20 minutes to interact with the scratchers. The interactions between the cat 

and the scratchers, including scratching and other active behaviors were recorded for 

total duration and frequency. Videos were coded following Table 3.1 and the same 

guideline from Chapter III. Since the volatiles were delivered with socks, interaction 

with the sock (i.e., licking, pawing, and rubbing against the sock) was also included in 

the interaction between the cat and the scratchers.  
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Figure 4. 1. Two cardboard standing scratchers with hang socks treated with or 
without olfactory stimuli. 

Statistical analysis 
 
Chemical analysis 

Peak area was calculated using Qual Browser within Xcalibur (Thermo Fisher Scientific 

Inc., Waltham, MA). To be included in the final analysis, the molecule was required to 

be present in all individuals in one treatment group (i.e., one sex) but not exist in the 

litter used for sample collection. An area ratio for individual peak was calculated as the 

peak area of the interested molecule divided by the peak area of the internal standard. 

Data of peak area ratio were examined for parametric analysis using Shapiro-Wilks and 

Leven’s test in SAS 9.4 (SAS Inst., Inc., Cary, NC). Data that met the assumption for 

normality was analyzed using the student t-test and the degree of freedom was adjusted 

with Satterthwaite approximation if the assumption of equal variance was not met. 

Wilcoxon rank sum test with normal approximation was applied to analyze the data 
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when assumption of normality was not met. Treatment (i.e., sex) effect was considered 

significant at P ≤ 0.05. 

 Standard solutions with different concentrations of analytical standards and the 

corresponding peak areas were used to construct the calibration curves for calculating 

the concentrations of the interested compounds in samples (Rebière, et al., 2010).  

Behavioral analysis 

The duration and frequency of scratching and interactions between the cats and the 

scratchers was recorded. Assumptions of parametrical analyses were not met based on 

the Shapiro-Wilks test and Levene’s test, therefore data were analyzed with the 

Wilcoxon signed rank test. Preference index (PI) of specific measurement was 

calculated as the measurement of one scratcher divided by the measurement summed 

for both control and treated scratchers. The PI data were then transformed using the 

arcsine square root transformation and analyzed as repeated measures using GLIMMIX 

in SAS 9.4 (SAS Inst., Inc., Cary, NC). The model included cat sex and treatment (TRT) 

and the interaction between sex and treatment (sex*TRT) with cat as random effect. 

Significant differences were considered at P ≤ 0.05 and a tendency at 0.05 < P ≤ 0.10. 

Results 

Chemistry 
 
Urine 

Six volatiles were identified in the urine of both intact male and female cats (Figure 4.2, 

Table 4.1). When the peak area ratio of these volatiles were compared between sex, 
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male cats had higher 3-mercapto-3-methyl butanol (MMB, P = 0.02) and 4-heptanol, 2, 

6-dimethyl (P = 0.05) in their urine than that from female cats (Table 4.2). 

 

Figure 4. 2. Representative chromatogram of volatiles in the urine of male and female 
cats. Letters a to f correspond to the candidate molecules in Table 4.1. 
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Table 4. 1. Major volatiles in the urine of cats  
PeakƗ RT Candidate molecules Formula m/z1 Matching2 
a 7.92 3-Mercapto-3-Methyl Butanol* C5H12OS 69 92.15% 
b 10.17 2-4-Dimethyl-Benzaldehyde C9H10O 133 23.48% 
c 12.24 Cis-Jasmone C11H160 79 43.04% 
d 13.33 2,3-Dethydropiperidin-6-one C5H7NO 97 49.14% 
e 13.82 P-Cresol/4-Methyl-Phenol* C7H8O 107 31.30% 
f 25.64 4-Heptanol, 2, 6-Dimethyl C9H20O 69 35.85% 

ƗLetter match with peaks in Figure 4.2. 
RT= retention time  
1Based on peak of molecular mass spectrum 
2Matching rate between obtained mass spectrum and NIST library database  
*Volatile confirmed with analytical standard 
 

Table 4. 2. Difference in the peak area ratio of volatiles in the urine of intact male and 
female cats (N = 7 / sex) 

Candidate Molecule Female Male SE1 df2 Statistics3 P-value4 
3-Mercapto-3-Methyl Butanol 0.02 0.14 0.02 6 -3.04 0.02 
2-4-Dimethyl-Benzaldehyde 0.11 0.09 0.01 12 0.92 0.38 
Cis-Jasmone 0.09 0.04 0.02 7 1.42 0.19 
2,3-Dethydropiperidin-6-one 0.06 0.08 0.02 12 -0.48 0.64 
P-Cresol/4-Methyl-Phenol 0.59 0.65 0.15 8 -0.27 0.79 
4-Heptanol, 2, 6-Dimethyl 0.06 0.24 0.04 7 -2.43 0.05 
1 SE, standard error of least square means  
2 Df, degree of freedom (Satterthwaite approximation was applied when data was not 
homoscedastic) 
3,4 Test statistics and the significant level of sex effect based on the student t-test 

Feces 

Twenty major volatiles were identified in the feces of both intact male and female cats 

(Figure 4.3, Table 4.3). When the peak area ratio of these volatiles were compared 

between sex, male cats had higher butanoic acid (P = 0.04) and lower 9-octadecenoic 

acid (z)-ethyl ester (P = 0.03) in their feces compared to female cats (Table 4.4).  
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Figure 4. 3. Representative chromatogram of volatiles in the feces of female and male 
cats. Letters a to t correspond to the candidate molecules in Table 4.3. 
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Table 4. 3. Major volatiles in the feces of cats 
PeakƗ RT Candidate molecules Formula m/z1 Matching2 
a 5.5 Acetic acid* C2H4O2 60 57.89% 
b 6.5 Propanoic acid C3H6O2 74 34.47% 
c 7.59 Butanoic acid/butyric acid* C4H8O2 60 78.24% 
d 8.35 Isovaleric acid/3-methyl-butanoic* 

 
C5H10O2 60 69.56% 

e 9.32 Pentanoic acid C5H10O2 60 46.37% 
f 11.13 Hexonoic acid C6H12O2 60 80.65% 
g 13.82 P-cresol/4-methyl-phenol* C7H8O 107 30.73% 
h 14.39 2-Piperidinone C5H9NO 99 76.51% 
I 16.71 4-Methyl-5-thiazoleethanol C6H9NOS 112 67.16% 
j 17.27 Hexadecanoic acid,ethyl ester C18H36O2 88 22.48% 
k 17.98 Q-Docecalactone C12H22O 85 40.66% 
l 18.3 1-H indole C8H7N 117 31.36% 
m 18.77 Hexadecen-1-ol, trans-9- C16H32O 55 14.35% 
n 20.56 9-Octadecenoic acid (z)- ethyl ester C20H38O2 55 14.97% 
o 22.73 Carbonic acid, ethyl octadecyl ester C21H42O3 91 17.64% 
p 23.11 Propanedioic acid, phenol C9H8O4 91 35.60% 
q 34.11 Hexadecanoic acid C16H32O2 55 14.35% 
r 35.62 Oleic acid/8-Octadecenoc acid C18H34O2 55 17.54% 
s 52.39 cis-Vaccenic acid C18H34O2 55 16.37% 
t 56.24 Lenoelaidic acid C18H32O2 67 10.89% 

ƗLetter match peaks in Figure 4.3. 
RT= retention time  
1Based on peak of molecular mass spectrum 
2Matching between obtained mass spectrum and NIST library database  
*Volatile confirmed with analytical standard 
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Table 4. 4. Difference of peak area ratio of volatiles of feces in intact male and female 
cats (N = 8 females, N = 10 males) 
Candidate Molecule Female Male SE1 Statistics2 P-value3 
Acetic acidƗ 0.40 0.52 0.07 -1.07 0.14 
Propanoic acid 0.66 0.56 0.10 0.70 0.49 
Butanoic acid/butyric acid 2.78 4.85 0.63 -2.28 0.04 
Isovaleric acid/3-methyl-butanoic acid 0.93 0.68 0.10 1.76 0.10 
Pentanoic acid 2.40 2.81 0.43 -0.61 0.55 
Hexonoic acid 1.22 0.93 0.21 0.98 0.34 
P-cresol/4-methyl-phenol Ɨ 0.53 0.33 0.12 1.69 0.09 
2-PiperidinoneƗ 0.25 0.20 0.05 0.62 0.53 
4-Methyl-5-thiazoleethanol 0.02 0.02 0.00 0.86 0.40 
Hexadecanoic acid, ethyl ester Ɨ 0.09 0.08 0.03 0.36 0.72 
Q-DocecalactoneƗ 0.01 0.02 0.00 -1.95 0.05 
1-H indoleƗ 0.24 0.22 0.07 0.27 0.79 
Hexadecen-1-ol, trans-9-Ɨ 0.16 0.12 0.04 0.89 0.37 
9-Octadecenoic acid (z)-athyl ester Ɨ  0.13 0.04 0.03 2.22 0.03 
Carbonic acid, ethyl octadecyl ester Ɨ 0.31 0.29 0.01 0.2 0.84 
Propanedioic acid, phenol Ɨ 0.23 0.44 0.11 -0.71 0.48 
Hexadecanoic acid  0.15 0.15 0.03 0.02 0.99 
Oleic acid/8-Octadecenoc acid Ɨ  1.76 2.41 0.43 -1.16 0.25 
cis-Vaccenic acid Ɨ  0.40 0.50 0.14 -0.62 0.53 
Lenoelaidic acid Ɨ 0.40 0.52 0.07 -1.07 0.14 

1SE, standard error of least square means  
2,3Statistics and significance level of sex difference based on the student t-test or Wilcoxon 
rank sum test.   
ƗData not meet the assumption for normality and the Wilcoxon rank sum test was used.  
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 Of the four volatiles differing in the urine and feces between male and female 

cats, MMB (the recognized male sex pheromone) and butanoic acid (abundant in the 

feces) were selected for further analysis. The identity of these two volatiles was verified 

by the analytical standards and their concentrations were calculated based on calibration 

curves (R2 ≥ 0.99) made from the analytical standards. Concentrations of MMB and 

butanoic acid (corrected for the fecal dry matter content) in the urine and feces, were 

estimated and compared for the difference between sexes. Both MMB and butanoic acid 

were in higher (P < 0.05) concentrations in male samples than in female samples (Table 

4.5). 

 

Table 4. 5. Confidence interval (CI) of the estimated concentration of candidate 
molecules in the urine (N = 7/sex) and feces (N = 8 females, 10 males) of cats 
Molecules Female CI* Male CI* Statistics1 P-value2 

MMB(µg/mL) 0.00-1.63 2.22-10.99 3.18 < 0.001 
Butanoic Acid(µg/g DM) 5050-18348 16271-30090 2.70 0.02 

*Lower and upper value of the 95% confidence interval. 
1,2Statistics and significance level of sex difference based on the student t-test.   
 

Behavioral assay 
 
Treatment solution 

A 0.1 µL of MMB and 100 µL of butanoic acid, the estimated amount from one 

elimination of urine and feces of an intact male cat (i.e., approximate 15 ml urine and 5 

g DM feces), was dissolved in one milliliter of mineral oil, and used as the treatment 

solution for the behavioral assay. The control solution was one milliliter of mineral oil 

without volatiles added. 
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Preference assessment 

Cats preferred the control scratcher over the volatile-treated one, as indicated by the 

higher scratching duration (21.19 vs 6.08 ± 3.8 s; P < 0.0001) and frequency (1.49 vs 

0.82 ± 0.3 times; P = 0.07), as well as the duration of interaction (31.54 vs 12.90 ± 5.9 

s; P = 0.0001) with the control scratcher (Figure 4.4).  

 The PIs of the measurements were transformed using the arcsine square root 

transformation and analyzed for the major treatment effect, and the effect of treatment 

by sex interaction (TRT*sex; Table 4.6). Most of the PIs of the control scratcher were 

higher (P < 0.05) than those with the treatments scratcher, indicating a preference of the 

control scratcher. The TRT*sex effect was significant (P = 0.03) for the PI of interaction 

duration, which was higher (P ≤ 0.05) with the control scratcher than the treatment 

scratcher in intact (female, 0.93 vs 0.07; male, 0,76 vs 0.24) but not in castrated cats (P 

> 0.10; spayed female, 0.55 vs 0.45; neutered male, 0.50 vs 0.50, for control and 

treatment, respectively; Figure 4.5).  
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Figure 4. 4. The effects of treatment solution, mix of butanoic acid and 3-Mercapto-3-
Methyl Butanol (MMB) dissolved in mineral oil, and control (mineral oil) on the 
behavioral measurements obtained from the standing cardboard scratchers in adult 
household cats (N=28 cats). #, ** Least squares means differed between treatment 
groups at P ≤ 0.10 and P ≤ 0.01 based on the Wilcoxon signed rank test. 
 

Table 4. 6. The effects of volatile (i.e., butanoic acid and MMB) on the use of 
scratchers based on preference index (PI) of behavioral measurements in adult cats (N 
= 28 cats, 7 intact males and females, 7 castrated males and females). 
Measurement preference index1 Treatment  P-values2 

Control 

 

 

Volatile 

 

TRT TRT*sex 
Scratching duration PI 0.63 

 

0.10 

 

0.0007 0.29 
Interaction duration PI  0.70 

 

0.30 

 

0.002 0.03 
Scratching frequency PI 0.56 

 

0.14 

 

0.006 0.14 
Interaction frequency PI 0.90 

 

0.09 

 

0.08 0.08 
1Reverse-transformed data.  
2Significant levels of treatment (TRT) effect and treatment by sex interaction 
(TRT*sex) on the arcsine square root transformed data. 
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Figure 4. 5. The effects of the interaction between sex, female (F, N = 7), male (M, N 
= 7), spayed female (SF, N = 7), and neutered male (NM, N = 7), and treatment (i.e., 
control versus volatile-treated standing cardboard scratcher) on the back-transformed 
preference index (PI) of interaction duration.  a, b, c, dLeast squares means of arcsine 
square root transformed data differed within each measurement with different letters. 
 
 

Discussion 
 
Fewer volatiles were detected in the urine in this study compared to what has been 

reported by others (Miyazaki et al., 2006, 2017). This may be due to the difference 

between studies in the methodology of sample processing, sensitivity of the 

instrument, and the criterion used for including the volatiles for further analysis. 

Regardless, 3-Mercapto-3-Methyl Butanol (MMB) and p-cresol were successfully 

identified and quantified. The difference in the relative abundance of MMB between 

intact male and female cats reported here were consistent with those reported by 

Miyazaki et al. (2006). Few studies have estimated the concentration of MMB in the 

cat urine, but MMB was described as having a typical male cat odor at concentrations 
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of 0.01-1 ppm (Hendriks et al., 1995a). This is lower than the quantity of MMB 

estimated by the current study, 6.60 ppm and 0.81ppm on average in the urine of intact 

male and female cat, respectively. All the samples in the current study were collected 

and transferred to the laboratory on ice, and stored in - 80 °C up to a week until 

analysis. The elapsed time (~ 4 hours) between the shelter and laboratory could 

contribute to the higher MMB concentrations in the current study since cat urine 

develops an odor peaking in level by ~12 to 24 hr (Hendriks et al., 1995a). In cats, 

MMB is originated from the decomposition of a urinary sulphur amino acid, felinine 

due to the microbial activity and/or oxidation by the air, and a carboxylesterase named 

cauxin was shown to be involved in the regulation of the felinine production 

(Miyazaki et al., 2006). The excretion rate of felinine in the urine was reported to be 

95 mg/day, much higher than intact female cats (19 mg/day; Hendriks et al., 1995b). 

The high excretion rate of felinine requires higher intake of dietary sulphur amino 

acids in male cats (e.g., cysteine). The main derivative of feline, MMB may serve as 

the “honest signal” of predatory skills in the urine of male cats since muscle meat is 

the main resource for cysteine. 

Major volatiles in cat feces identified in the current study (e.g., short chain 

fatty acids, P-cresol, indole) were also reported by Miyazaki et al. (2018). The same 

study also reported the existence of MMB in the cat feces, which was shown to be also 

higher in intact males (50 ng/g wet feces) than females (Miyazaki et al., 2018). We are 

not able to verify this finding since the machine was not sensitive enough for the 

detection of MMB at this low concentration. Miyazaki et al. (2018) also reported 
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propanioc acid, 4-methyl pentanoic acid to be in high levels in male feces. Our results 

disagreed with them and found that butanoic acid was 74.5% higher in male feces than 

in female feces and other fatty acid did not differ between sex. Cats were able to 

differentiate the two sets of fatty acids mimic the ratio of fatty acids in the feces of two 

different males (Miyazaki et al., 2018). This evidence indicates that fatty acids may be 

involved in individual and sexual identification in cats. The role in olfactory 

communication for volatile fatty acids is also seen with the cat facial and mammary 

pheromones, which contain a variety of volatile fatty acids (Pageat and Gaultier, 

2003). The concentrations of butanoic acid reported here were slightly higher but close 

to what others reported (Barry et al., 2010; Brosey et al., 2000), possible due to the 

higher starch and fermentable fiber content in the diet for cats of the present study 

(Englyst et al., 1987). The fact that male cats had lower fecal dry matter content 

compared to females (data not shown) also supported the hypothesis as starch and 

fermentable fiber increases the stool moisture (Barry et al., 2010).  

The information conveyed by urine spraying in cats is not completely 

understood but has been suggested to involve sexual and identity communication, 

territory/route marking, and stress (Passanisi & Macdonald, 1990; Pryor et al., 2001). 

Flehmen behavior is often induced in a cat after it sniffs the urine, especially with the 

fresh urine of a strange intact male. Urinary extracts of male cats were shown to attract 

cats and bobcats, and deterred them from urination and defecation in the testing area 

(Miyazaki et al., 2017). Fecal marking is barely studied in cats. Heavier male cats tend 

to bury the feces closer to the core area than lighter males, indicating that defecating 
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behaviors in male cats may reveal information of social rank (Ishida & Shimizu, 

1998). Only a few studies have investigated the application of specific urinary or fecal 

volatiles in modifying cat behaviors, mainly due to the pungent odor of these volatiles. 

We reported here the application of MMB and butanoic acid, volatiles higher in intact 

male cats to the scratcher with the amount from one urination or defecation, reduced 

the scratching behavior and total interactions exhibited to the scratcher. Other 

interactions (e.g., sniffing) excluding scratching behavior were not significantly 

different between the control and treatment groups (data not shown). The result did 

not agree with the preliminary data from another study, which documented that both 

male and female cats showed interests to MMB but not to the pure felinine (Miyazaki 

et al., 2006). Information about the dosage of MMB and if MMB also induced 

flehmen behavior or just increased sniffing in those cats was not detailed. None of the 

cats in the present study exhibit flehmen response in the behavioral assay even though 

they did go sniff the treatment during the test. The lack of response may have two 

explanations: 1) MMB alone was not enough for representing the urine since urine 

extracts usually contain MMB and other sulphur-containing volatile (Miyazaki et al., 

2006); 2) the possible interaction between butanoic acid and MMB blocked the effect 

of MMB. Testing MMB and butanoic acid separately in the future may verify the 

second hypothesis.  One study reported that MMB added to the litter at 50 μg/kg of 

litter did not alter the use of litterbox in cats (McGlone, et al., 2019). The roles of 

MMB in contexts other than sexual communication requires further study.  



Texas Tech University, Lingna Zhang, May 2019 

90 
 

The treatment solution with MMB and butanoic acid was assumed to be 

perceived by cats as a male urinary and defecating odor during the behavioral assay. 

Cats scratch in the area they hang out often, along the daily pathway to mark their 

territory (Feldman, 1994), after sleeping (Landsberg, 1991), and near feeding and 

defecation area (Pageat and Gaultier, 2003). Feral cats scratch more often in the 

presence of other cats (Turner, 1988), but cats don not tend to over-mark urinary and 

fecal marks of other cats (Miyazaki et al., 2017). They may scratch near the defecating 

area but not right on the marks. Cats may also avoid the treated-scratcher to avoid 

confrontation with other cat and an recent hunting area since feral cats usually live a 

solitary life during non-breeding season, and they use urine and fecal marks for 

spacing themselves apart during hunting and social communication (Bradshaw et al., 

2012).    

Conclusion 
 
Intact male cats had higher MMB and butanioc acid in their urine and feces compared 

to intact females. The solution containing the estimated amounts of MMB and 

butanoic acid from one elimination of a male cat had aversive effects on the use of 

scratchers in cats. The mixed solution of MMB and butanoic acid may have an 

application in protecting furniture from being scratched by cats and it is worthwhile to 

investigate its potential behavior-modifying effects in other contexts (e.g., use of litter 

box). Dietary fiber content and type have great influences on the colon microbial 

population and the fermented short-chain fatty acids in the feces, it is necessary in the 
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future to investigate the effects of fiber supplementation on the sex difference of fecal 

volatile fatty acids in cats. 
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CHAPTER V 

THE EFFECTIVENESS OF OLFACTORY STIMULI, SILVER 
VINE (ACTINIDIA POLYGAMA), CATNIP (NEPETA CATARIA) 

AND A SYNTHETIC FELINE INTERDIGITAL 
SEMIOCHEMICAL IN MODIFYING THE INTERACTION 

BETWEEN CATS AND SCRATCHERS 

 

Abstract 
 

The effectiveness of three olfactory stimuli, including feline interdigital 

semiochemicals (FIS), powdered catnip (CN) and silver vine fruit gall (SV), in 

modifying the use of scratchers was investigated in 20 cats from seven houses. In each 

treatment group, one of the three treatments was delivered in a sock hanging on a 

cardboard scratcher, and compared to a control cardboard scratcher with an untreated 

sock. Each cat was exposed to all the three treatment groups at randomized order for 48 

hours with the location of the two scratchers switched at 24 hours. Frequency and 

duration of the daily scratching and interactions between the cats and both the control 

and treated scratchers were recorded and compared with Wilcoxon signed rank test. 

Catnip increased the scratching duration (N = 7 houses, S = 14, P = 0.02) and the 

interaction duration (N = 7 houses, S = 14, P = 0.02) and frequency (N = 7 houses, S = 

14, P = 0.02). Silver vine also increased the duration (N = 7 houses, S = 14, P = 0.02) 

and frequency (N = 7 houses, S = 14, P = 0.02) of the interactions the cats exhibited to 

the scratcher. The treatment of FIS did not change most of the measurements (i.e., 

scratching duration and frequency, and interaction duration; N = 7, P > 0.10) but only 

tended to increase the frequency of interaction between the cats and the scratcher (N = 
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7 houses, S = 9.5, P = 0.06). Differences among the three treatments were also compared 

with the Friedman’s test, after subtracting the measurements of the control scratchers 

from the measurements of the treated scratchers. Scratchers treated with SV had higher 

(P < 0.05) frequency and duration of scratcher interactions compared to the scratchers 

treated with FIS, while no significant difference (P > 0.10) was found between the 

scratchers treated with CN and FIS. Scratchers treated with SV had significantly higher 

frequency but not duration of interactions (P > 0.10) than scratchers treated with CN. In 

summary, both CN and SV, but not FIS were able to increase the use of the scratchers 

in cats. The application of CN and SV is be helpful in increasing the use of scratchers 

in cats. 

Introduction 
 
Cats use semiochemicals and odors for both conspecific and interspecific 

communication. The application of pheromones to reduce inappropriate behaviors (e.g, 

urine marking or scratching) and to improve performance under stressful circumstances 

(e.g., travel or novel environment) in cats have been reported (Griffith et al., 2000; Mills 

and Mills 2001; Ogata and Takeuchi 2001) and reviewed (Pageat and Gaultier 2003). A 

synthesized feline interdigital semiochemical (FIS), as the analogue of the natural 

occurring pedal pheromone was shown to induce scratching and direct this behavior to 

the assigned scratching post other than to the furniture (Cozzi et al., 2013). Two popular 

plants known to attract cats, catnip and silver vine, contains active ingredients (e.g., cis-

trans nepetalactone, actinidine), and were shown to be effective in inducing play-like 

active behaviors (e.g., rolling or rubbing) in cats compared with several other plants 
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(Bol et al., 2017). The responses induced by catnip are not sexual (Palen & Goddard, 

1966) and are generally considered not harmful but cause playful activity in cats (Waller 

et al., 1969; Hatch, 1972). Limited objective work has been done to investigate the 

effects of these plants in changing scratching behavior in cats. The current study 

compared the effectiveness of different olfactory stimuli, including FIS, dried catnip 

and silver vine powder in modifying the scratching behavior and the interaction between 

cats and scratchers. 

Methods 
 

General 
 
The study was approved by the Texas Tech University Institutional Animal Care and 

Use Committee (Protocol 17010-02). Research was conducted in houses of owners.  

Animals 
 
Twenty healthy household cats, 9 neutered male (NM)s and 11 spayed female (SF)s 

from seven houses were included. 

Procedure 
 
Treatment 

Two identical standing cardboard scratchers (i.e., the most preferred scratcher based on 

study in Chapter III), one being the control and one treated with one of the three 

treatments, were presented to the cats for 48 hours (Figure 5.1). The two scratchers were 

switched for location at 24 hour to control for side bias. Treatments included feline 
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interdigital semiochemicals (FIS; Feliscratch by Feliway○R , Ceva Animal Health, 

LLC.) and powdered silver vine fruit gall (SV; Natural Cat Toy, L.I.T.Ltd.) and catnip 

(CN; Natural Cat Toy, L.I.T.Ltd.). A sock containing 2g of CN or SV, or an odorless 

cotton tissue rinsed with 5mL FIS was hang on the treated scratcher. An empty sock 

with odorless tissue without treatment was hang on the scratcher and served as control 

for FIS.  For CN and SV groups, an empty sock was hung on the control scratcher. Cats 

from different houses were exposed to the three treatment groups at three different time 

points with the order of exposure randomized among houses. 

Behavior Evaluation 

Night vision cameras were set up to record the area where the scratchers were located. 

The scratching behavior and interactions between the cats and the scratchers were coded 

using the same guidelines in Chapter III and behaviors were identified using table 3.1. 

Since the treatments were applied with socks, interactions with the sock (i.e., licking, 

pawing, and rubbing against the sock) were also included in the interaction between the 

cat and the scratchers.  
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Figure 5. 1. Two cardboard standing scratchers with hung socks treated with or 
without olfactory stimulus. 

 

Statistical analysis 
 
Frequency and duration of the scratching and interaction between the cat and the two 

scratchers were averaged to obtain daily measurements. Assumptions of parametric 

analyses were not met. Each house was treated as the experimental unit and data from 

cats in the same house were averaged. The Wilcoxon signed rank test was used to 

compare each treated scratcher versus its control. The measurements of each treated 

scratcher were also summed or subtracted with the measurements of the corresponding 
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control scratcher, and the sums and subtractions for the three treatment groups were 

compared using the Friedman test in SAS 9.4 (SAS Inst., Inc., Cary, NC).  

Preference indexes (PI) were calculated as the measurements of either control or 

treated scratcher divided by the measurement summed for both the control and treated 

scratchers. The PI data were then transformed using the arcsine square root and analyzed 

as block design using GLIMMIX in SAS 9.4 (SAS Inst., Inc., Cary, NC). The model 

included cat sex, treatment (trt) and the interaction between sex and treatment (sex*trt) 

with house and cat as random effects.  

Difference between or among the treatments was considered significant at P ≤ 

0.05, and a tendency at 0.5 < P ≤ 0.10. 

Results  
 
Both CN and SV but not FIS were effective in increasing the interactions between the 

cats and the scratcher (Figure 5.2). Catnip increased the daily scratching duration (18.7 

vs 11.1 ± 3.33 s, N = 7, S = 14, P = 0.02) and the daily interactions both by duration 

(29.1 vs 244 ± 38.2 s, N = 7, S = 14, P = 0.02) and frequency (3.19 vs 5.31 ± 0.61 times, 

N = 7, S = 14, P = 0.02) when compared to control. Silver vine also increased the 

duration (72.9 vs 441 ± 95.3 s, N = 7, S = 14, P = 0.02) and frequency (4.21 vs 8.35 ± 

1.42 times, N = 7, S = 14, P = 0.02) of the interactions the cats shown to the scratcher. 

The treatment of FIS did not change scratching duration and frequency, and the 

interaction duration (N = 7, P > 0.10) but only tended to increase the frequency of daily 

interaction (3.71 vs 4.49 ± 0.89 times, N = 7, S = 9.5, P = 0.06).  
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Figure 5. 2. The duration (A) and frequency (B) of daily scratching and interactions 
exhibited by cats (N = 7 houses, 20 cats) towards the control scratcher and the 
scratcher treated with catnip (CN), feline interdigital semiochemicals (FIS) or silver 
vine (SV). *,# Difference between variables of treatment and its control in one 
treatment group was significant at P ≤ 0.05 and 0.05 < P ≤ 0.10 with the Wilcoxon 
signed rank test. 
 

A 

B 
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 When the PI of different measurements were analyzed for the main treatment 

effect and the treatment by sex interaction, similar results were found as the analyses 

with the raw data (Table 5.1). Scratchers treated with SV and CN had higher PI of 

scratching duration (P = 0.05), and interaction duration and frequency (P < 0.0001) for 

CN, higher PI of scratching duration (P = 0.02) and frequency (P = 0.04) and interaction 

duration and frequency (P < 0.0001) for SV than the control scratchers. Feline 

interdigital semiochemicals increased (P = 0.04) the PI of the frequency of the 

interactions without changing the PI of other measurements (P > 0.10). The effects of 

sex by treatment interaction on the PI were not statistically significant for all the 

treatment groups (P > 0.10; Table 5.1).    

 

Table 5. 1. Preference index (PI) of the behavioral measurements of the control 
scratcher (Con) and the treated scratcher (TRT) with powdered catnip (CN), silver 
vine fruit gall (SV) and the feline interdigital semiochemicals (FIS) in 20 cats from 
seven houses.  

Treatment 
group 

Scratching duration PI1 Interaction duration PI1 

Con TRT P-values2 Con TRT P-values2 
TRT SEX*TRT TRT SEX*TRT 

CN 0.32 0.61 0.05 0.87 0.10 0.84 <.0001 0.80 
FIS 0.28 0.28 0.92 0.31 0.35 0.49 0.32 0.79 
SV 0.26 0.59 0.02 0.77 0.08 0.92 <.0001 0.13 

 
Scratching frequency PI1 Interaction frequency PI1 

Con TRT P-values2 Con TRT P-values2 
TRT SEX*TRT TRT SEX*TRT 

CN 0.35 0.59 0.10 0.83 0.27 0.65 <.0001 0.83 
FIS 0.28 0.28 0.93 0.78 0.33 0.53 0.04 0.74 
SV 0.30 0.55 0.04 0.97 0.24 0.76 <.0001 0.46 

1Back-transformed PI of the measurements. 2Significant levels of treatment effect 
(TRT) and the treatment by sex interaction (TRT*SEX) on the arcsine square root 
transformed data using analysis of variance (ANOVA). 
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 The total scratching and interactions with both control and stimulus-treated 

scratchers were compared among CN, FIS and SV treatment groups (Table 5.2). No 

statistically significant differences were found in total scratching duration and 

frequency among treatments. Both the frequency and duration of total interactions were 

lower (P < 0.05) in FIS-treated group than in CN- and SV-treated groups with the latter 

two showing no significant difference between each other.  

 
Table 5. 2. Difference among treatment groups of the summed behavioral 
measurements from the corresponding control scratchers and scratchers treated with 
powdered catnip (CN), silver vine fruit gall (SV) or the feline interdigital 
semiochemicals (FIS) in 20 cats from seven houses.  

1Behavioral measurements from differently treated scratchers summed with the 
measurements from the corresponding control scratchers. 2Standard error of Least 
squares means. 3,4Statistics and significant levels of treatment effect on the summed 
behavioral measurements using the Friedman’s test. a,b Difference among treatments at 
P ≤ 0.05 with differed letters. 
 
 
 
 
 
 
 
 
 
 
 
 

Summed measurements1 
Treatment 

SE2 F(2,12)3 P-value4 CN FIS SV 

Scratching duration(s) 26.4 24.5 27.1 4.23 0.05 0.95 
Interaction  duration (s) 297a 133b 520a 134 15.5 0.0005 
Scratching frequency (time)  3.68 3.54 3.76 0.49 0.19 0.83 

Interaction frequency (time) 9.05a 8.34b 12.5a 1.92 6..75 0.01 
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After subtraction with the measurements of the corresponding control 

scratchers, measurements of the three treated scratchers were also compared (Table 5.3). 

Treatment effects were statistically significant for both interaction frequency and 

duration (P < 0.01). Scratchers treated with SV had higher (P < 0.05) subtracted 

interaction frequency and duration compared to FIS-treated scratchers, and this 

difference between scratchers treated with CN and FIS was not significant (P > 0.10). 

Scratcher treated with SV had significantly higher interaction frequency but not duration 

(P > 0.10) than scratcher treated with CN.  

Table 5. 3. Difference among the control-subtracted behavioral measurements from 
scratchers treated with powdered catnip (CN), silver vine fruit gall (SV) and the feline 
interdigital semiochemicals (FIS) in 20 cats from seven houses.  

1Behavioral measurements from differently treated scratchers subtracted with the 
measurements from the corresponding control scratchers. 2Standard error of the Least 
squares means. 3,4Statistics and significant levels of treatment effect on the subtracted 
behavioral measurements using the Friedman’s test. a,b Difference among treatments at 
P ≤ 0.05 with differed letters. 
 
 
 
 
 
 
 
 
 
 
 

Subtracted measurements1 
Treatment 

SE2 F(2,12)3 P-value4 CN FIS SV 
Scratching duration(s) 5.15 0.36 7.65 4.03 0.85 0.45 
Interaction  duration (s) 204ab -13.4b 437a 125 35.1 <0.0001 
Scratching frequency (time)  2.07 1.79 2.14 0.32 0.35 0.71 
Interaction frequency (time) 2.45b 0.93b 4.73a 1.03 8.72 0.005 
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Preference index of the measurements were also compared among the three 

treated scratchers (Table 5.4). Both CN- and SV-treated scratchers had higher (P ≤ 0.05) 

PI of scratching and interaction related measurements compared to the FIS-treated 

scratcher, except that the PI of interaction frequency between CN and FIS-treated 

scratchers were not significantly different. No significant sex by treatment interaction 

were observed for PIs of all the behavioral measures. 

 
Table 5. 4. The preference index (PI) of the behavioral measurements from scratchers 
treated with powdered catnip (CN), silver vine fruit gall (SV) or the feline interdigital 
semiochemicals (FIS) in 20 cats from seven houses.  

1Standard error of Least squares means. 2Significant levels of treatment effect (TRT) 
and the treatment by sex interaction (TRT*SEX) on the PI measurement using 
analysis of variance (ANOVA). a,b Difference among treatments at P ≤ 0.05 with 
differed letters. 
 
Table 5. 5. Cats respond to powdered catnip (CN), silver vine fruit gall (SV) and the 
feline interdigital semiochemicals (FIS) based on behavioral preference indexes (PI) 
during the preference assessment. 

 

  

PI of measurements 
Treatment 

SE1 
P-value2 

CN FIS SV TRT TRT*SEX 
Scratching duration PI 0.59 a 0.35 b 0.58 a 0.07 0.02 0.98 
Interaction  duration PI 0.81a 0.51b 0.89a 0.06 < 0.0001 0.61 
Scratching frequency PI  0.57 a 0.35 b 0.55 a 0.06 0.03 0.88 

Interaction frequency PI 0.63ab 0.53b 0.73a 0.05 0.02 0.65 

Treatment 
PI of interaction duration > 0.5 

Number Percentage  (N = 20) 
Catnip 17 85% 
Feline interdigital Semiochemicals 10 50% 
Silver vine  18 90% 
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Discussion 
 
Scratching behaviors of cats is believed to be involved in territory marking and the 

production of alarm pheromones in the communicational contexts (Pageat and Gaultier, 

2003). Pageat (2014) has reported that the analogues of the interdigital semiochemicals 

in cats, including valeric acid, lactic acid, and linoleic acid and their derivatives or 

isomers, were able to attract cat to scratch on specific objects (Patent, WO2014/001836 

Al). Cozzi et al. (2013) reported the efficacy of FIS in inducing scratching behavior 

when applied to scratchers in 19 cats, but the scratching behavior was not defined. 

Treatment of FIS was shown by the current study to increase only the frequency of the 

interaction between the cat and the scratcher but not the scratching behavior itself. Total 

interactions with both treated scratcher and the corresponding control scratcher were 

higher with the CN and SV treatment groups than FIS treatment group. This ruled out 

one possibility for the lack of effects on the use of scratchers with FIS, that the two 

scratchers were located too close, and FIS attracted cats to both control and FIS-treated 

scratchers. Our results would agree with Cozzi et al. (2013) if all the active activities 

exhibited to the scratcher (e.g., climbing on the scratcher), defined as interaction by the 

current study, were considered by them as “scratching behavior”. Besides, FIS was 

placed in the sock in the current study in order to keep the consistency in the application 

of treatments, which could also contribute to the disagreement between the two studies 

as FIS was squeezed right on the scratcher by Cozzi et al. (2013). The commercial FIS 

include pedal semiochemicals and organic extracts from cat attractants (e.g., CN and 
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SV) makes it difficult to differentiate which ingredient(s) of FIS induced the behavioral 

responses in cats.     

Catnip and SV are well-known vegetal attractants for felines (Bol et al., 2017; 

Espín-Iturbe et al., 2017), and have been applied as enrichments in cats with the intent 

to improve the wellbeing of the animals (Ellis and Wells, 2010). The current study is 

the first to report that both powdered catnip and silver vine were effective in increasing 

scratching and the use of scratching devices in adult cats. Catnip was shown not able to 

modify the scratching behavior in kittens (≤ 8 weeks) in a recent study, possibly due to 

the immature development of the opioidergic system in kittens (Zhang et al., 2018). In 

the current study, 85% and 90% of the cats (N = 20; Table 5.5) responded actively to 

CN and SV, respectively, which was consistent with Bol et al. (2017), but was higher 

than what others have reported with catnip (20%; Espín-Iturbe et al., 2017). The 

differences in the form and freshness of the catnip used by these studies may contribute 

to the different results. All the cats in the current study responded at least to one of the 

attractants, indicating that including both CN and SV could induce active responses in 

majority of the adult cats. A sock hung on the scratchers could be a good form for the 

delivery of these attractants as it draws a cat’s attention to the treated scratcher, slowly 

releases the attractants and serves as a toy with string. Catnip response usually last for 

10 to 15 minutes only, but cats in the current study was reported by the owners to visit 

the socks frequently during the two-day experimental period. Future studies looking at 

if cats habituate to CN and SV-treated scratchers over extended period will be useful.  
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Conclusion 
 
Cat attractants, such as catnip and silver vine were shown effective in increasing the 

scratching behavior and other interactions between cats and scratchers. The feline 

interdigital semiochemicals did not cause dramatic changes to the use of scratchers in 

cats, possible due to the differed treatment delivery method as applied by the other 

study. The application of these attractants may increase the chance of successfully 

redirecting the destructive scratching to the assigned scratching devices, and provides 

environmental enrichments to increase general activity and behavioral diversity in cats. 
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CHAPTER VI 

A MODEL FOR EVALUATING THE LONG-TERM EFFECTS OF 
PREFERRED SCRATCHER WITH OLFACTORY STIMULI ON 

ACTIVITY LEVEL AND WEIGHT MANAGEMENT IN 
HOUSEHOLD CATS 

 

Abstract 
 
Literature on the long-term effects of environmental enrichment on activity and body 

weight in cats is limited. An enrichment device, one cardboard standing scratcher treated 

with vegetal attractants, catnip and silver vine was applied to adult household cats (N = 

12, 5 houses) in the treatment group over a 4-week experimental period, and compared 

to the control cats (N = 4, 3 houses), which did not receive the enrichment device. 

Measurements (i.e., activity level by PetPaceTM collar, body weight) were recorded one 

week before the treatment (week 0) and every week during the testing period (week 1 

to 4). These measurements were analyzed for time and treatment effects using   

GLIMMIX procedure in SAS, including house and cat as the random effects in the 

model. The interactions between the cats and the scratchers were observed. Activity 

levels averaged for four hours weekly (2 to 6 pm on the specific day of every week) 

were not significantly affected by treatment (F(1,56) = 0.09, P = 0.77), time/week (F(4,56) 

= 1.43, P = 0.25) and treatment by time interaction  (F(4,56) = 0.84, P = 0.50). Body 

weight also did not change over time (F(4,56) = 0.57, P = 0.68), nor were body weights 

affected by treatment (F(1,56) = 0.64, P = 0.43) or treatment by time interaction (F(4,56) = 

0.63, P = 0.64). The behavioral measurements between cats and scratcher on the 
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treatment group declined significantly over time based on the Freidman’s test 

(scratching duration, F(3, 12) = 9.8, P = 0.002; interaction duration, F(3, 12) = 22.4, P < 

0.0001; scratching frequency, F(3, 12) = 9.7, P = 0.002; interaction frequency, F(3, 12) = 

13.3, P = 0.0004). The lack of effects of the enrichment device on cat activity and body 

could be due to the habituation of cats to the enrichment and the limited exercise induced 

by the enrichment. Future studies including obese cats in controlled environments 

maybe necessary.     

Introduction  
 
Being overweight and obese are common conditions of companion animals, with 

serious consequences to health. In the United States, 28.7% and 6.4% of adult cats (N = 

159) are overweight and obese respectively, and the number of overweight/obese cats 

aged 5 to 11 years old has reached 44% (Lund et al., 2005). Most weight-management 

programs recommend controlling the energy intake and increasing exercise. In 

household cats, exercise is usually obtained from play either with toys or initiated by 

owners. Cats rapidly habituate to object play and rotation of the environmental 

enrichments (e.g., scratchers or toys) are often required to maintain their interests (Hall 

et al., 2002). Applying the olfactory stimuli that attract cats intermittently to the toys or 

scratchers might promote the interaction between the cats and the scratchers or toys. 

Past studies that have explored the effectiveness of enrichment strategies were carried 

out in relatively short periods, and their long-term effects on cat behavioral patterns and 

weight management have not been investigated in detail (Ellis, 2009; Ellis and Wells, 

2008, 2010; Resende et al., 2011). The current study evaluated the effects of the 
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provision of scratcher with cat attractants on the activity and body weight in household 

cats over the long-term.   

Methods 

General 
 
All research was approved by the Texas Tech University Institutional Animal Care and 

Use Committee (Protocol 17010-02).   

Animals 
 
Sixteen healthy household cats, nine spayed females (SF) and seven neutered males 

(NM) from eight owners were included. Twelve cats (6 NMs and 6 SFs) from five 

owners were included in the treatment group and the control group had four cats (3 SFs 

and 1NM) from three owners. 

Procedures 
 
Treatments 
 
Cardboard standing scratchers with hanging sock containing powdered catnip (CN) 

and silver vine (SV) were the treatments. The device was placed in an area where 

cat/cats often are found in the house. Cats from the control group did not receive the 

treatments.    

Data collection 
 
Data were collected before the application of the treatment (week 0) and every week 

during the 4-week experimental period (week 1 to week 4). The CN and SV was re-

applied twice every week. Activity level was monitored by PetPace pulse rate monitor 



Texas Tech University, Lingna Zhang, May 2019 

113 
 

collars (Pet Pace LLC. Burlington MA. USA) every week. Body weight also was 

recorded weekly. Night-vision cameras recorded the interactions between the cat and 

the scratcher for 24 hours weekly from week 1 to 4. A single trained personnel 

watched the videos and followed the same guidelines as former chapters. 

Data analysis 
 
Assumption of parametrical analyses was tested with the Shapiro-Wilks test and 

Levene’s test. Activity and body weight was analyzed as repeated measures using 

Glimmix of SAS 9.4 (SAS Inst., Inc., Cary, NC) and the model included treatment, time 

and treatment by time interaction (TRT*time) with cat and house as random effects. 

Least squares means were separated with the predicted difference test when the overall 

F-value is significant (P ≤ 0.05). Behavioral data were analyzed with the Friedman’s 

test because the assumptions for parametric analyses were not met. 

Results 
 
The PetPaceTM collar only recorded baseline activity (week 0) from 2 to 6 pm due to 

technical issues, therefore activities from 2 to 6 pm for the following weeks (week 1 to 

4) were included for the final data analysis. No statistically significant treatment (F(1,56) 

= 0.09, P = 0.77), time/week (F(4,56) = 1.43, P = 0.25) and treatment by time interaction  

(F(4,56) = 0.84, P = 0.50) were observed on the averaged 4-hour activity (Table 6.1). 

Body weight was also not significantly affected by treatment (F(1,56) = 0.64, P = 0.43), 

time (F(4,56) = 0.57, P = 0.68) and treatment by time interaction (F(4,56) = 0.63, P = 0.64; 

Table 6.2). The activity and bodyweight did not change significantly over time in cats 
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from the control group, which were included as the negative control in the study to 

control for the potential variance caused by factors such as weather change.   

 Behavioral measurements (i.e., scratching and interaction duration and 

frequency) of cats from the treatment group changed significantly over time (Table 6.3). 

All behavioral measurements declined over time, with data from week 2, 3, and 4 

significantly lower compared to week 1. 

Table 6. 1. Effect of enrichment (scratcher with vegetal attractants) on activity level 
recorded by Petpace collars over four weeks in household cats (N = 8 houses, 16 cats). 
Treatment Week 

SE1 P-values2 
0 1 2 3 4 TRT time TRT*time 

Control (N = 4) 8.61 13.4 13.6 11.3 14.7 3.23 0.77 0.23 0.50 
Treatment (N = 12) 12.6 13.5 13.3 13.6 13.6 2.27  
1Standard error of least squares means. 2Significant levels of effects of treatment 
(TRT), time (week) and their interaction (TRT*time) on activity level.  
 
Table 6. 2. Effect of enrichment (scratcher with vegetal attractants) on body weight 
(kg) of household cats (N = 8 houses, 16 cats) over four weeks. 
Treatment Week 

SE1 P-values2 
0 1 2 3 4 TRT time TRT*time 

Control (N = 4) 4.52 4.44 4.38 4.38 4.40 0.56 0.43 0.68 0.64 Treatment (N = 12) 4.91 4.97 4.95 4.90 4.97 0.34 
1Standard error of least squares means. 2Significant levels of effects of treatment 
(TRT), time (week) and their interaction (TRT*time) on cat body weight.  
 
Table 6. 3. Interactions with enrichment (scratcher with vegetal attractants) over four 
weeks in household cats on the treatment group (N = 5 houses). 
Daily Measurements  Week SE1 F(3, 12) P-values2 1 2 3 4 
Scratching duration (s)  89.1a 47.9b 43.0b 29.1b 26.8 9.82 0.002 
Interaction duration (s) 709a 152b 170b 97.1c 48.6 22.4 < 0.0001 
Scratching frequency (times) 11.8a 6.30bc 7.70b 4.60c 2.80 9.73 0.002 
Interaction frequency (times) 8.85a 4.10b 5.65bc 3.30c 2.38 5.99 0.01 

1Standard error of least squares means. 2Standard error of the Least squares means 
2Significant levels of time (week) effect on behavioral data using Freidman’s test.  
a, b, c Within a row, measures without a common superscript differ (P ≤ 0.05) between 
weeks. 
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Discussion 
 
The application of enrichment (i.e., a preferred scratcher with vegetal attractants) was 

not effective in changing activity level over long-term. Habituation to the enrichments 

in cats may contribute to this lack of effects. Currently, literature about the long-term 

effects of vegetal attractants, such as catnip and silver vine on cat behavior was 

limited. Our study firstly report that cats quickly habituated to catnip and silver vine as 

they decreased the interactions and scratching exhibited to the scratchers dramatically 

by the second week. By the fourth week of application, the scratching- and interaction-

related measurements from these attractant-treated scratchers decreased further but 

were still higher (scratching duration, 29.1 vs 22.7 s/day; interaction duration, 97.1 vs 

46.8 s/day) than what was observed with the summed value of untreated scratchers 

with different covering materials from former studies (Chapter III). The scratching 

frequency by fourth week was close but also higher compared to data from the 

literature in free-roaming farm cats (4.6 vs 3.5 times/day; Panaman, 1981). Cats 

included in the current study were not controlled for their access to other enrichments 

in the environment during the experimental period, they may habitude the enrichment 

device used in the current study more quickly than cats in relatively impoverished 

environments (i.e., shelter, laboratory). 

 Activity level recorded by the Petpace collars did not change over time and 

was not effected by treatment and the interaction between the treatment and time. The 

four-hour activity (2 to 6 pm) may not be representative of the cat activity in one day 

as cats are generally considered crepuscular animals, meaning that they are mostly 
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active at dawn and dusk (Panaman, 1981). Cats spend around 60% of the time resting 

and sleeping (Panaman, 1981). PetPace activity was calculated as the average of the 

every 2-minute recordings over the four hours, which could result in a less dramatic 

change in the activity data and may not reflect the fluctuations occurred when cats 

interact with the scratchers. The PetpaceTM collars record activity as an accelerometer, 

the recordings may represent different aspects of the activity when compared to other 

measurements such as the percentage of time being active.  

 One study with obese cats found that animals on the feeding guideline for 

losing weight, had less weight loss compared to cats on the same feeding guidelines 

plus environmental enrichments (e.g., extra food dishes and litter boxes, climbing 

towels, window perch, scratching post and toys; Roudebush et al., 2008)  

The cats on the treatment group were not restricted for their energy intake and access 

to other environmental enrichments, which may contribute to the lack of effects of the 

enrichments on cat weight management. Currently, the regulation of energy intake and 

body mass by exercise remains unclear. A model developed from rodents and human 

subjects indicate that this relationship depends on the body condition of the subjects 

(i.e., being lean or obese) and the exercise level (i.e., short-term acute exercise or 

moderate to intense physical activity; Melzer et al., 2005; Mayer et al., 1954).  The 

introduction of acute exercise (≤ 1 h/d treadmill running) over short-term (6 to 7 days) 

suppressed feed intake and reduce body mass in both lean mice and rats (Mayer et al., 

1954). Genetically obese mice had lower increase in body weight with 1h daily 

exercise compared to non-exercised animals, while the exercised normal mice had 
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slightly increase in body weight compared to non-exercised normal mice over the 45-

day period (Mayer et al., 1954). A lack of effects on body weight by the enrichment 

applied in the current study was not surprising considering the habitation of cats to the 

enrichment device and the limited exercise induced by the enrichment compared to the 

treadmill running. 

Conclusion 
 
The application of environmental enrichments (i.e., a preferred scratcher with catnip 

and silver vine) did not change cat activity over long-term and failed to modify body 

weight in household cats. Cats in the treatment group habituated to the enrichment by 

the second week of application and maintained the interaction with the treated 

scratchers at the level slightly higher than untreated scratchers. The current study is 

the first to show that cats habituate to vegetal attractants. Extension of the testing 

period could answer the question of whether cats would eventually loss their interest 

in catnip and silver completely after continuous exposure. The exercise induced by the 

enrichment applied in the current study may not be enough for causing a change in 

body weight in household cats. Obese cats in relatively impoverished environment 

may respond better to the enrichment, which requires future study.    
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CHAPTER VII 

GENERAL CONCLUSIONS AND FUTURE STUDIES  
 
Environmental enrichment is important for improving the living condition and 

ensuring the welfare of animals. Physical devices, such as toys and scratchers are 

common enrichment strategies in cats. Studies on the cat preference of scratchers, 

strategies to increase the use of scratchers, and the long-term effects of these 

enrichments on cats were limited. 

The standing cardboard scratcher was shown preferred by household adult cats, 

especially by male cats compared to the S-shaped cardboard. They also preferred the 

standing scratchers with the covering material of rope and cardboard over sofa fabric 

and carpet. Inappropriate scratching exhibited to the furniture (e.g., sofa and carpet) 

may be redirected to the more preferred scratching devices (i.e., standing cardboard 

and rope scratchers) provided in the environment. Future research may seek to see if 

increasing the number and type of scratchers in the environment (i.e., provide the 

opportunity to choose) could increase the total usage of the scratchers and assist in the 

reduction of inappropriate scratching.  

Urine and fecal marking are suggested to be involved in sex and individual 

identification and territory marking in cats. Efforts were made to identify candidate 

semiochemicals from the cat urine and feces that could potentially attract cats and 

increase the use of scratchers in cats. As a result, MMB from urine and butanoic acid 

from the feces was shown to be in higher abundance in intact male cats than intact 

female cats. The male representative mix of MMB and butanoic acid had aversive 
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effects on the use of scratchers compared to the placebo solution. This may have the 

application in reducing inappropriate scratching in household cats. The mix solution 

did not induce flehmen response in cats, indicating that semiochemicals existing in the 

cat urine and feces may be a mix of several volatiles other than a simple mix of two 

volatiles, or when MMB and butanoic acid are mixed together, they interfere with 

each other. Testing the two volatiles separately can be illuminating. The behavior-

modifying abilities of the male-representative mix in other contexts (e.g., use of litter 

box, aggression) require further study. Cats fed on diets with different content of fiber 

and carbohydrate should be compared for the sex difference of the volatile fatty acids 

in the feces as dietary fiber and carbohydrates moderate fecal concentrations of the 

short chain fatty acids.   

The vegetal attracts, catnip and silver vine can induce active responses in cats. 

Our study was the first to show that catnip and silver vine applied to the standing 

scratchers through hanging socks increased the use of scratchers in adult household 

cats. The method employed for the delivery of catnip and silver vine may serve as a 

reference for other studies that tend to investigate treatment effects on the use of 

scratchers. The feline interdigital semiochemicals (FIS), shown by one study to be 

effective in increasing the use of scratcher in cats, had little effects in the current 

study. The difference in the way of applying FIS may contribute to the disagreements 

between the two studies. In the future, various delivery methods may be compared for 

their effects on the use of scratchers to determine a more effective way for delivering 

treatments.  
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The effective enrichment strategy (i.e., preferred standing cardboard with 

catnip and silver) in short-term was investigated for its effects on cat behavior and 

weight management over long-term (4 weeks period). The scratching and interactions 

occurred between cats and scratchers in the treatment group decreased dramatically 

after the first week of application. By the fourth week of the treatment, use of 

attractant-treated scratchers was further decreased but remained higher compared to 

the data obtained from untreated scratchers (Chapter III), indicating that the 

habituation to catnip and silver wine in cats was not complete. Prolonging the 

experimental period may answer the question of whether cats loss interest to these 

attractants eventually. The activity levels recorded by PetPaceTM collars from 4 to 6 

pm was not affected by time, treatment and the interaction between the two. These 

readings were averaged for the selected periods, therefore did not reflect the 

fluctuation in activity level occurred during the interaction with scratchers. Data from 

the selected 4-hour period may not be representative of the 24-hour data.  

The activity induced by the enrichment might not be enough for causing a 

statistically significant change to the body weight of cats. Cats included in the last 

study were household cats and were not restricted for food intake, not controlled for 

their access to the other enrichments in the environment, and not all obese. These 

limitations may also introduce extra variations to the measurements and result in the 

lack of effects by the treatment. In the future, obese cats in highly controlled 

environment may be better for examining the long-term effects of the current 

enrichment. 
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APPENDICES  

A. Information of cats included in the studies. 
Owner Cat Sex Age # of cats 

in house 

Dog in 

house 

Outdoor 

access 

Kids in house # of People in 

house 

Scratchers 

provided 

Cat attractants provided 

Brittany 
Phelix NM 1 

2 No No No 0 
Standing rope 

scratcher 

 

 

No 
Bear NM 6 

Briana  Emmet NM 8 2 Yes Yes No 1 No No 
Glenna Beo NM 8 2 Yes No Yes 3 No Catnip 
Mumma Nixy SF 3 2 Yes No No 2 No Catnip 

Morgan Paisley SF 8 2 Yes No No 2 Cat tree Catnip 
Leddy SF 8 

Lingna Poo SF 1 1 Yes No No 2 Cat tree No 
Sheyenne Sam NM 7 1 No No No 2 No Catnip 
Allie Chloe SF 1 2 No No No 1 All types No 

Adrian Amy SF 1 2 Yes No No 1 No No 
Allie SF 1 2 

Kate Maxis SF 1 2 No No No 2 Cardboard Catnip 
Harriet SF 2 2 

Kelsea 
Suzie SF 11 

2 Yes No No 2 
Cat tree, standing 

rope scratcher 
Catnip 

Finn NM 6 

Bramlett Cosmos NM 1 4 Yes No No 1 Cat tree No 
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Andrea 

 

Jackie SF 2 

 

 

15 

 

 

No 

 

 

Yes 

 

 

No 

 

 

1 

 

 

All types 

 

 

Catnip, mint 

Midnight NM 3 
Harley SF 1 
Marble NM 1 
Buggy SF 1 
Tigers NM 15 
Mittens SF 2 
Fbomb SF 5 
Maus NM 3 
Lucky NM 3 
Sable SF 3 

 

Rebekka 

 

Fatcat SF 14 

5 No Yes No 0 S-shaped cardboard Catnip 
Shadom SF 2 
Shadora SF 9 
BlueR NM 2 
B&W NM 1 

Orth 

 

Clover SF 5 2 No No No 2 All types No 
Piper SF 5 

Neighbour 

Wisper SF 5 

4 No 

Yes 

Yes 2 Cat tree 
Catnip, 

Silver vine 
Bonbon NM 9 

No Fattie NM 10 
Footie NM 10 

Summer Friedrich NM 3 2 yes yes yes 4 No No 
 

Tristin 

 

Bella SF 1 

4 No No No 2 Cardboard Catnip Slick NM 1 
Wallie SF 5 
Robin NM 5 
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Shelter 

 

Smoky M 5 

 

 

 

 

N/A 

 

 

 

 

 

N/A 

 

 

 

 

 

N/A 

 

 

 

 

 

N/A 

 

 

 

 

 

N/A 

 

 

 

 

 

 No 

 

 

 

 

 

No 

 

Leroy M 2 
Deb F 3 

Harvey F 1 
Alley M 1 
Micky M 3 

Butterzin

 

F 1 
Fancy F 3 

Micky2 M 1 
Bitty M 1 
Carrie F 3 

Bengenc

 

M 2 
Shairy F 1 

F: intact female; M: intact male; NM: neutered male; SF: spayed female 
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B. Measurements for Experiment 1 of Study one (Chapter III) comparing the stand and S-shaped (S) cardboard. 

Owner CatID Sex Treatment 
Scratching 
frequency 
(time/day) 

Scratching 
duration 
(s/day) 

Interaction 
frequency 
(time/day) 

Interaction 
duration 
(s/day) 

Preference Index 
Scratching 
duration 
(s/day) 

Interaction 
duration 
(s/day) 

Scratching 
frequency 
(time/day) 

Interaction 
frequency 
(time/day) 

Adrian Amy SF stand 0.57 2.29 1.14 3.86 0.07 0.10 0.13 0.21 
Adrian Amy SF S 3.86 30.00 4.29 35.00 0.93 0.90 0.87 0.79 
Adrian  Allie SF stand 5.86 31.00 7.43 40.14 0.69 0.66 0.57 0.60 
Adrian  Allie SF S 4.43 13.86 5.00 20.86 0.31 0.34 0.43 0.40 
Andrea Buggy SF stand 1.29 13.14 1.29 13.14 0.70 0.55 0.64 0.60 
Andrea Buggy SF S 0.71 5.57 0.86 10.86 0.30 0.45 0.36 0.40 
Andrea Jackie SF stand 2.86 22.71 2.86 22.71 0.69 0.68 0.61 0.59 
Andrea Jackie SF S 1.86 10.29 2.00 10.57 0.31 0.32 0.39 0.41 
Mumma Nixy SF stand 1.43 7.43 1.71 10.29 0.51 0.35 0.45 0.40 
Mumma Nixy SF S 1.71 7.00 2.57 19.43 0.49 0.65 0.55 0.60 
Lingna Poo SF stand 3.57 20.86 4.43 25.00 0.91 0.70 0.83 0.66 
Lingna Poo SF S 0.71 2.00 2.29 10.57 0.09 0.30 0.17 0.34 
Neighbour Fattie NM stand 6.00 38.43 7.29 48.29 0.98 0.98 0.98 0.98 
Neighbour Fattie NM S 0.14 0.86 0.14 0.86 0.02 0.02 0.02 0.02 
Neighbour Footie NM stand 1.86 11.43 2.43 13.57 0.62 0.66 0.68 0.74 
Neighbour Footie NM S 0.86 7.14 0.86 7.14 0.38 0.34 0.32 0.26 
Neighbour Wisper SF stand 0.43 3.57 0.43 3.57 1.00 1.00 1.00 1.00 
Neighbour Wisper SF S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rebekka B&W NM stand 3.29 23.57 3.43 38.71 0.98 0.98 0.96 0.92 
Rebekka B&W NM S 0.14 0.43 0.29 0.71 0.02 0.02 0.04 0.08 
Rebekka BlueR NM stand 2.00 19.43 2.43 41.00 0.85 0.86 0.82 0.81 
Rebekka BlueR NM S 0.43 3.43 0.57 6.71 0.15 0.14 0.18 0.19 
Rebekka Fatcat SF stand 0.57 1.57 0.57 1.57 0.09 0.09 0.09 0.09 
Rebekka Fatcat SF S 5.86 16.00 5.86 16.00 0.91 0.91 0.91 0.91 
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    NM: neutered male; SF: spayed female 

 
 
 
 
 
 
 
 
 
 
 
 

Rebekka Shadora SF stand 6.43 47.43 6.57 62.29 0.99 0.99 0.98 0.96 
Rebekka Shadora SF S 0.14 0.29 0.29 0.71 0.01 0.01 0.02 0.04 
Rebekka Shadom SF stand 2.29 24.14 2.86 29.29 0.70 0.72 0.53 0.54 
Rebekka Shadom SF S 2.00 10.29 2.43 11.57 0.30 0.28 0.47 0.46 
Tristin Bella SF stand 1.71 14.00 2.00 16.43 0.31 0.28 0.35 0.35 
Tristin Bella SF S 3.14 31.29 3.71 42.71 0.69 0.72 0.65 0.65 
Tristin Robin NM stand 0.29 1.71 0.29 1.71 0.43 0.43 0.50 0.50 
Tristin Robin NM S 0.29 2.29 0.29 2.29 0.57 0.57 0.50 0.50 
Tristin Slick NM stand 5.14 58.14 6.00 70.71 0.99 0.99 0.97 0.98 
Tristin Slick NM S 0.14 0.57 0.14 0.86 0.01 0.01 0.03 0.02 
Tristin Wallie SF stand 0.71 4.00 0.71 4.00 0.18 0.17 0.45 0.45 
Tristin Wallie SF S 0.86 18.43 0.86 19.00 0.82 0.83 0.55 0.55 
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C. Measurements for Experiment 2 of Study One (Chapter III) comparing the standing scratcher covered with cardboard, 
sofa fabric (fabric), carpet, and rope. 

Owner CatID Sex Treatment 
Scratching 
frequency 
(time/day) 

Scratching 
duration 
(s/day) 

Interaction 
frequency 
(time/day) 

Interaction 
duration 
(s/day) 

Preference Index 
Scratching 
duration 
(s/day) 

Interaction 
duration 
(s/day) 

Interaction 
frequency 
(time/day) 

Scratching 
frequency 
(time/day) 

Allie Chloe SF cardboard 1.29 17.57 1.29 17.57 0.52 0.52 0.38 0.38 
Allie Chloe SF fabric 0.43 2.14 0.43 2.14 0.06 0.06 0.13 0.13 
Allie Chloe SF carpet 0.57 2.57 0.57 2.57 0.08 0.08 0.17 0.17 
Allie Chloe SF rope 1.14 11.29 1.14 11.29 0.34 0.34 0.33 0.33 
Andrea Buggy SF cardboard 0.14 1.71 0.14 1.71 0.21 0.21 0.10 0.10 
Andrea Buggy SF fabric 0.57 2.86 0.57 2.86 0.34 0.34 0.40 0.40 
Andrea Buggy SF carpet 0.14 0.43 0.14 0.43 0.05 0.05 0.10 0.10 
Andrea Buggy SF rope 0.57 3.29 0.57 3.29 0.40 0.40 0.40 0.40 
Andrea Jackie SF cardboard 0.71 6.86 0.71 6.86 0.23 0.21 0.15 0.16 
Andrea Jackie SF fabric 0.14 0.71 0.14 0.71 0.02 0.02 0.03 0.03 
Andrea Jackie SF carpet 0.57 2.00 0.71 2.71 0.07 0.08 0.15 0.13 
Andrea Jackie SF rope 3.00 20.43 3.14 22.71 0.68 0.69 0.67 0.68 
Bramlett Cosmos NM cardboard 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bramlett Cosmos NM fabric 0.17 0.17 0.17 0.17 0.09 0.09 0.20 0.20 
Bramlett Cosmos NM carpet 0.33 0.33 0.33 0.33 0.18 0.18 0.40 0.40 
Bramlett Cosmos NM rope 0.33 1.33 0.33 1.33 0.73 0.73 0.40 0.40 
Briana  Emmet NM cardboard 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Briana  Emmet NM fabric 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Briana  Emmet NM carpet 0.50 1.75 0.50 1.75 0.23 0.23 0.29 0.29 
Briana  Emmet NM rope 1.25 5.75 1.25 5.75 0.77 0.77 0.71 0.71 
Brittany Bear NM cardboard 4.00 20.75 4.75 21.00 0.35 0.22 0.23 0.32 
Brittany Bear NM fabric 1.00 1.75 3.25 8.75 0.03 0.09 0.16 0.08 
Brittany Bear NM carpet 4.00 19.00 8.25 38.25 0.32 0.41 0.40 0.32 
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Brittany Bear NM rope 3.50 17.75 4.50 26.25 0.30 0.28 0.22 0.28 
Brittany Phelix NM cardboard 2.50 21.00 4.50 45.00 0.87 0.23 0.22 0.83 
Brittany Phelix NM fabric 0.25 2.50 4.50 38.50 0.10 0.20 0.22 0.08 
Brittany Phelix NM carpet 0.00 0.00 8.75 74.00 0.00 0.38 0.42 0.00 
Brittany Phelix NM rope 0.25 0.75 3.00 35.25 0.03 0.18 0.14 0.08 
Glenna Beo NM cardboard 1.86 11.00 1.86 11.00 0.56 0.56 0.52 0.52 
Glenna Beo NM fabric 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glenna Beo NM carpet 0.43 1.57 0.43 1.57 0.08 0.08 0.12 0.12 
Glenna Beo NM rope 1.29 7.14 1.29 7.14 0.36 0.36 0.36 0.36 
Kate Harriet SF cardboard 0.00 0.00 0.33 4.33 . 0.58 0.40 . 
Kate Harriet SF fabric 0.00 0.00 0.17 1.17 . 0.16 0.20 . 
Kate Harriet SF carpet 0.00 0.00 0.17 1.33 . 0.18 0.20 . 
Kate Harriet SF rope 0.00 0.00 0.17 0.67 . 0.09 0.20 . 
Kate Maxis SF cardboard 1.14 7.14 2.71 21.86 0.31 0.47 0.39 0.28 
Kate Maxis SF fabric 0.00 0.00 0.14 0.86 0.00 0.02 0.02 0.00 
Kate Maxis SF carpet 0.14 0.71 0.57 4.86 0.03 0.10 0.08 0.03 
Kate Maxis SF rope 2.86 15.43 3.57 18.86 0.66 0.41 0.51 0.69 
Kelsea Finn NM cardboard 0.14 0.71 0.14 0.71 0.02 0.01 0.05 0.06 
Kelsea Finn NM fabric 0.00 0.00 0.29 14.29 0.00 0.24 0.11 0.00 
Kelsea Finn NM carpet 2.29 45.00 2.29 45.00 0.98 0.75 0.84 0.94 
Kelsea Finn NM rope 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kelsea Suzie SF cardboard 1.14 9.43 1.14 9.43 0.22 0.21 0.28 0.29 
Kelsea Suzie SF fabric 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Kelsea Suzie SF carpet 0.43 1.57 0.57 2.86 0.04 0.06 0.14 0.11 
Kelsea Suzie SF rope 2.14 31.00 2.14 31.00 0.71 0.69 0.52 0.54 
Lingna Poo SF cardboard 0.86 3.43 2.00 6.29 0.13 0.12 0.19 0.14 
Lingna Poo SF fabric 1.00 3.29 1.29 4.29 0.13 0.08 0.13 0.17 
Lingna Poo SF carpet 2.14 9.43 3.14 13.00 0.37 0.24 0.31 0.36 
Lingna Poo SF rope 2.00 9.29 3.86 29.71 0.37 0.56 0.38 0.33 
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Morgan Leddy SF cardboard 0.57 11.43 0.86 15.00 0.95 0.16 0.21 0.80 
Morgan Leddy SF fabric 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Morgan Leddy SF carpet 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Morgan Leddy SF rope 0.14 0.57 3.14 79.00 0.05 0.84 0.79 0.20 
Morgan Paisley SF cardboard 0.86 6.29 1.43 8.71 0.76 0.54 0.53 0.86 
Morgan Paisley SF fabric 0.00 0.14 0.71 4.00 0.02 0.25 0.26 0.00 
Morgan Paisley SF carpet 0.00 1.29 0.29 2.43 0.16 0.15 0.11 0.00 
Morgan Paisley SF rope 0.14 0.57 0.29 1.14 0.07 0.07 0.11 0.14 
Neighbour Bonbon NM cardboard 0.29 2.00 0.29 2.00 0.22 0.22 0.22 0.22 
Neighbour Bonbon NM fabric 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neighbour Bonbon NM carpet 0.14 1.43 0.14 1.43 0.16 0.16 0.11 0.11 
Neighbour Bonbon NM rope 0.86 5.57 0.86 5.57 0.62 0.62 0.67 0.67 
Neighbour Fattie NM cardboard 3.43 17.71 3.43 17.71 0.34 0.34 0.29 0.29 
Neighbour Fattie NM fabric 4.29 18.71 4.29 18.71 0.36 0.36 0.37 0.37 
Neighbour Fattie NM carpet 0.43 1.57 0.43 1.57 0.03 0.03 0.04 0.04 
Neighbour Fattie NM rope 3.57 14.57 3.57 14.57 0.28 0.28 0.30 0.30 
Neighbour Wisper SF cardboard 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neighbour Wisper SF fabric 0.14 0.57 0.14 0.57 0.17 0.17 0.17 0.17 
Neighbour Wisper SF carpet 0.43 1.00 0.43 1.00 0.29 0.29 0.50 0.50 
Neighbour Wisper SF rope 0.29 1.86 0.29 1.86 0.54 0.54 0.33 0.33 
Neighbour Footie NM cardboard 4.14 19.14 4.14 19.14 0.47 0.47 0.60 0.60 
Neighbour Footie NM fabric 0.14 1.86 0.14 1.86 0.05 0.05 0.02 0.02 
Neighbour Footie NM carpet 0.14 0.14 0.14 0.14 0.00 0.00 0.02 0.02 
Neighbour Footie NM rope 2.43 19.57 2.43 19.57 0.48 0.48 0.35 0.35 
Orth Piper SF cardboard 0.86 14.86 1.00 15.71 0.52 0.20 0.18 0.27 
Orth Piper SF fabric 1.29 9.86 2.14 46.57 0.35 0.59 0.39 0.41 
Orth Piper SF carpet 0.86 3.00 1.86 15.29 0.11 0.19 0.34 0.27 
Orth Piper SF rope 0.14 0.71 0.43 1.86 0.03 0.02 0.08 0.05 
Orth Clover SF cardboard 1.86 22.43 2.57 42.29 0.45 0.17 0.31 0.39 
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NM: neutered male; SF: spayed female 

 

 
 
 
 

Orth Clover SF fabric 2.71 25.00 4.57 194.57 0.50 0.77 0.55 0.58 
Orth Clover SF carpet 0.14 2.29 0.71 14.71 0.05 0.06 0.09 0.03 
Orth Clover SF rope 0.00 0.00 0.43 2.57 0.00 0.01 0.05 0.00 
Rebekka Fatcat SF cardboard 1.29 8.43 1.29 8.43 0.74 0.74 0.64 0.64 
Rebekka Fatcat SF fabric 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rebekka Fatcat SF carpet 0.43 1.14 0.43 1.14 0.10 0.10 0.21 0.21 
Rebekka Fatcat SF rope 0.29 1.86 0.29 1.86 0.16 0.16 0.14 0.14 
Rebekka Shadom SF cardboard 0.43 5.71 0.57 11.43 0.43 0.30 0.22 0.27 
Rebekka Shadom SF fabric 0.14 1.14 0.14 1.14 0.09 0.03 0.06 0.09 
Rebekka Shadom SF carpet 0.57 2.86 1.00 10.71 0.22 0.28 0.39 0.36 
Rebekka Shadom SF rope 0.43 3.57 0.86 15.14 0.27 0.39 0.33 0.27 
Rebekka Shadora SF cardboard 0.57 6.71 0.57 7.71 0.62 0.58 0.36 0.44 
Rebekka Shadora SF fabric 0.29 2.86 0.29 2.86 0.26 0.22 0.18 0.22 
Rebekka Shadora SF carpet 0.14 0.43 0.43 1.43 0.04 0.11 0.27 0.11 
Rebekka Shadora SF rope 0.29 0.86 0.29 1.29 0.08 0.10 0.18 0.22 
Sheyenne Sam NM cardboard 1.17 10.67 1.17 10.67 0.42 0.42 0.47 0.47 
Sheyenne Sam NM fabric 1.17 14.67 1.17 14.67 0.57 0.57 0.47 0.47 
Sheyenne Sam NM carpet 0.17 0.33 0.17 0.33 0.01 0.01 0.07 0.07 
Sheyenne Sam NM rope 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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D. Measurements for Experiment 2 of Study Two (Chapter IV) comparing the control and volatile (MMB and butanoic 
acid; TRT)-treated standing cardboard. 

CatID Sex Treatment 
Scratching 
duration 

(s) 

Scratching 
frequency 

(time) 

Interaction 
duration 

(s) 

Interaction 
frequency 

(time) 

Preference Index 
Scratching 
duration 

Scratching 
frequency  

Interaction 
duration  

Interaction 
frequency  

Smoky M Control 0 0 11 2 0.00 0.00 1.00 1.00 
Leroy M Control 2 1 20 4 0.20 0.50 0.63 0.67 
Deb F Control 39 2 45 3 1.00 1.00 1.00 1.00 
Harvey F Control 38 4 41 5 0.48 0.44 0.46 0.42 
Alley M Control 70 1 82 2 0.55 0.25 0.57 0.33 
Micky M Control 81 2 81 2 0.82 0.67 0.82 0.67 
Butterzinger F Control 15 1 15 1 1.00 1.00 1.00 1.00 
Fancy F Control 24 7 26 8 1.00 1.00 1.00 1.00 
Micky2 M Control 25 1 25 1 0.57 0.33 0.57 0.33 
Bitty M Control 48 2 177 5 1.00 1.00 0.66 0.63 
Carrie F Control 0 0 9 1 0.00 0.00 0.90 0.50 
Bengency M Control 63 7 82 8 0.93 0.78 0.80 0.62 
Shairy F Control 58 3 64 3 1.00 1.00 0.93 0.60 
Mom F Control 9 1 12 2 1.00 1.00 0.80 0.67 
Jackie SF Control 16 1 26 2 0.84 0.50 0.70 0.40 
Midnight NM Control 0 0 1 1 0.00 0.00 0.13 0.50 
Buggy SF Control 8 1 15 4 1.00 1.00 1.00 1.00 
Marble NM Control 13 2 13 2 0.87 0.67 0.81 0.50 
Harley SF Control 0 0 0 0 0.00 0.00 0.00 0.00 
Tigers NM Control 17 1 17 1 1.00 1.00 1.00 1.00 
Mittens SF Control 56 1 59 2 0.85 0.50 0.86 0.67 
Bella SF Control 13 2 16 3 1.00 1.00 0.62 0.43 
Slick NM Control 5 1 12 5 1.00 1.00 0.60 0.83 
Wisper SF Control 0 0 0 0 0.00 0.00 0.00 0.00 
Fattie NM Control 0 0 3 1 0.00 0.00 0.12 0.14 
Footie MN Control 0 0 7 2 0.00 0.00 0.88 0.67 
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NM: neutered male; SF: spayed female 

Bonbon NM Control 0 0 0 0 0.00 0.00 0.00 0.00 
Poo SF Control 9 1 36 4 0.75 0.50 0.88 0.67 
Smoky M TRT 0 0 0 0 0.00 0.00 0.00 0.00 
Leroy M TRT 8 1 12 2 0.80 0.50 0.38 0.33 
Deb F TRT 0 0 0 0 0.00 0.00 0.00 0.00 
Harvey F TRT 42 5 48 7 0.53 0.56 0.54 0.58 
Alley M TRT 58 3 61 4 0.45 0.75 0.43 0.67 
Micky M TRT 18 1 18 1 0.18 0.33 0.18 0.33 
Butterzinger F TRT 0 0 0 0 0.00 0.00 0.00 0.00 
Fancy F TRT 0 0 0 0 0.00 0.00 0.00 0.00 
Micky2 M TRT 19 2 19 2 0.43 0.67 0.43 0.67 
Bitty M TRT 0 0 90 3 0.00 0.00 0.34 0.38 
Carrie F TRT 0 0 1 1 0.00 0.00 0.10 0.50 
Bengency M TRT 5 2 20 5 0.07 0.22 0.20 0.38 
Shairy F TRT 0 0 5 2 0.00 0.00 0.07 0.40 
Mom F TRT 0 0 3 1 0.00 0.00 0.20 0.33 
Jackie SF TRT 3 1 11 3 0.16 0.50 0.30 0.60 
Midnight NM TRT 0 0 7 1 0.00 0.00 0.88 0.50 
Buggy SF TRT 0 0 0 0 0.00 0.00 0.00 0.00 
Marble NM TRT 2 1 3 2 0.13 0.33 0.19 0.50 
Harley SF TRT 4 1 7 2 1.00 1.00 1.00 1.00 
Tigers NM TRT 0 0 0 0 0.00 0.00 0.00 0.00 
Mittens SF TRT 10 1 10 1 0.15 0.50 0.14 0.33 
Bella SF TRT 0 0 10 4 0.00 0.00 0.38 0.57 
Slick NM TRT 0 0 8 1 0.00 0.00 0.40 0.17 
Wisper SF TRT 0 0 2 1 0.00 0.00 1.00 1.00 
Fattie NM TRT 14 4 23 6 1.00 1.00 0.88 0.86 
Footie MN TRT 0 0 1 1 0.00 0.00 0.13 0.33 
Bonbon NM TRT 0 0 9 2 0.00 0.00 1.00 1.00 
Poo SF TRT 3 1 5 2 0.25 0.50 0.12 0.33 
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E. Measurements of Study Three (Chapter V) comparing the standing scratcher treated with catnip (CN), silver vine (SV) 
or feline interdigital semiochemicals (FIS) and the corresponding control scratcher. 

Owner CatID Sex Group Treatment 
Scratching 
duration 

(s) 

Scratching 
frequency 

(time) 

Interaction 
duration 

(s) 

Interaction 
frequency 

(time) 

Preference Index 
Scratching 
duration 
(s/day) 

Interaction 
duration 
(s/day) 

Interaction 
frequency 
(time/day) 

Scratching 
frequency 
(time/day) 

Neighbour  Footie NM 1 CN 12.50 2.50 37.00 4.00 0.36 0.33 0.54 0.40 
Neighbour  Bonbon NM 1 CN 21.00 1.50 497.00 7.50 0.84 0.75 0.98 0.83 
Neighbour  Fattie NM 1 CN 21.50 4.50 150.50 7.00 0.40 0.43 0.72 0.47 
Neighbour  Wisper SF 1 CN 13.00 2.00 15.50 2.50 0.87 0.80 0.89 0.83 
Brittany Phelix NM 1 CN 10.50 0.50 373.50 6.00 1.00 1.00 0.94 0.71 
Brittany Bear NM 1 CN 19.00 2.00 386.50 9.00 0.42 0.33 0.86 0.62 
Andrea Sable SF 1 CN 23.00 2.50 780.50 6.50 0.39 0.42 0.93 0.57 
Andrea Jackie SF 1 CN 16.00 1.00 245.50 4.50 0.43 0.29 0.88 0.47 
Andrea Lucky NM 1 CN 36.00 3.50 270.00 5.50 0.86 0.88 0.96 0.69 
Andrea Buggy SF 1 CN 7.50 1.50 55.50 4.50 1.00 1.00 1.00 1.00 
Andrea Maus NM 1 CN 35.00 2.00 231.50 3.50 1.00 1.00 1.00 1.00 
Andrea Mittens SF 1 CN 80.50 4.00 479.50 6.50 0.90 0.80 0.95 0.76 
Andrea Tiggers NM 1 CN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Andrea Fbomb SF 1 CN 0.00 0.00 45.00 1.00 0.00 0.00 0.97 0.67 
Neighbour  Footie NM 1 control 22.50 5.00 31.00 6.00 0.64 0.67 0.46 0.60 
Neighbour  Bonbon NM 1 control 4.00 0.50 9.50 1.50 0.16 0.25 0.02 0.17 
Neighbour  Fattie NM 1 control 32.50 6.00 57.50 8.00 0.60 0.57 0.28 0.53 
Neighbour  Wisper SF 1 control 2.00 0.50 2.00 0.50 0.13 0.20 0.11 0.17 
Brittany Phelix NM 1 control 0.00 0.00 23.00 2.50 0.00 0.00 0.06 0.29 
Brittany Bear NM 1 control 26.50 4.00 64.50 5.50 0.58 0.67 0.14 0.38 
Andrea Sable SF 1 control 36.00 3.50 56.00 5.00 0.61 0.58 0.07 0.43 
Andrea Jackie SF 1 control 21.50 2.50 33.50 5.00 0.57 0.71 0.12 0.53 
Andrea Lucky NM 1 control 6.00 0.50 11.00 2.50 0.14 0.13 0.04 0.31 
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Andrea Buggy NF 1 control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Andrea Maus NM 1 control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Andrea Mittens SF 1 control 9.00 1.00 27.00 2.00 0.10 0.20 0.05 0.24 
Andrea Tiggers NM 1 control 9.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00 
Andrea Fbomb SF 1 control 0.00 0.00 1.50 0.50 0.00 0.00 0.03 0.33 
Tristin Bella SF 1 control 12.50 2.50 13.00 3.00 0.93 0.83 0.48 0.50 
Tristin Slick NM 1 control 12.00 2.00 17.00 4.00 0.29 0.33 0.02 0.38 
Tristin Bella SF 1 CN 1.00 0.50 14.00 3.00 0.07 0.17 0.52 0.50 
Tristin Slick NM 1 CN 30.00 4.00 669.50 6.50 0.71 0.67 0.98 0.62 
Adrian Allie SF 1 control 2.00 0.50 6.00 2.00 0.31 0.33 0.19 0.36 
Adrian Amy SF 1 control 8.00 1.50 11.00 2.50 0.36 0.33 0.22 0.33 
Adrian Allie SF 1 CN 4.50 1.00 25.50 3.50 0.69 0.67 0.81 0.64 
Adrian Amy SF 1 CN 14.50 3.00 38.50 5.00 0.64 0.67 0.78 0.67 
Mumma Nixy SF 1 control 9.50 1.50 183.00 4.50 0.48 0.43 0.28 0.33 
Mumma Nixy SF 1 CN 10.50 2.00 460.00 9.00 0.53 0.57 0.72 0.67 
Lingna Poo SF 1 control 9.00 1.50 35.00 3.00 0.33 0.50 0.26 0.35 
Lingna Poo SF 1 CN 18.50 1.50 100.00 5.50 0.67 0.50 0.74 0.65 
Neighbour  Footie NM 2 FIS 28.00 4.00 85.00 5.00 0.57 0.50 0.80 0.53 
Neighbour  Bonbon NM 2 FIS 0.00 0.00 41.50 4.00 0.00 0.00 0.84 0.80 
Neighbour  Fattie NM 2 FIS 48.00 5.50 342.50 9.50 0.65 0.52 0.93 0.66 
Neighbour  Wisper SF 2 FIS 5.00 1.00 6.00 1.50 0.32 0.50 0.36 0.60 
Brittany Phelix NM 2 FIS 15.50 1.50 102.50 6.00 0.91 0.75 0.54 0.60 
Brittany Bear NM 2 FIS 6.50 1.00 31.50 4.00 0.38 0.33 0.34 0.50 
Andrea Sable SF 2 FIS 24.50 3.50 49.00 3.50 0.36 0.50 0.41 0.44 
Andrea Jackie SF 2 FIS 16.00 1.00 124.50 2.50 0.58 0.50 0.92 0.71 
Andrea Lucky NM 2 FIS 2.00 1.00 139.50 3.50 0.18 0.33 0.72 0.47 
Andrea Buggy SF 2 FIS 0.00 0.00 32.00 1.00 0.00 0.00 1.00 1.00 
Andrea Maus NM 2 FIS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Andrea Mittens SF 2 FIS 18.50 2.50 75.00 3.50 0.55 0.45 0.22 0.44 
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Andrea Tiggers NM 2 FIS 0.00 0.00 0.00 3.50 0.00 0.00 0.00 0.44 
Andrea Fbomb SF 2 FIS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Neighbour  Footie NM 2 control 21.00 4.00 21.50 4.50 0.43 0.50 0.20 0.47 
Neighbour  Bonbon NM 2 control 0.00 0.00 8.00 1.00 0.00 0.00 0.16 0.20 
Neighbour  Fattie NM 2 control 25.50 5.00 25.50 5.00 0.35 0.48 0.07 0.34 
Neighbour  Wisper SF 2 control 10.50 1.00 10.50 1.00 0.68 0.50 0.64 0.40 
Brittany Phelix NM 2 control 1.50 0.50 88.50 4.00 0.09 0.25 0.46 0.40 
Brittany Bear NM 2 control 10.50 2.00 61.50 4.00 0.62 0.67 0.66 0.50 
Andrea Sable SF 2 control 43.50 3.50 70.50 4.50 0.64 0.50 0.59 0.56 
Andrea Jackie SF 2 control 11.50 1.00 11.50 1.00 0.42 0.50 0.08 0.29 
Andrea Lucky NM 2 control 9.00 2.00 54.00 4.00 0.82 0.67 0.28 0.53 
Andrea Buggy NF 2 control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Andrea Maus NM 2 control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Andrea Mittens SF 2 control 15.00 3.00 267.50 4.50 0.45 0.55 0.78 0.56 
Andrea Tiggers NM 2 control 0.00 0.00 4.00 4.50 0.00 0.00 1.00 0.56 
Andrea Fbomb SF 2 control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tristin Bella SF 2 control 3.00 1.00 4.00 1.50 0.55 0.67 0.35 0.43 
Tristin Slick NM 2 control 8.50 1.00 10.00 1.50 0.34 0.40 0.22 0.25 
Tristin Bella SF 2 FIS 2.50 0.50 7.50 2.00 0.45 0.33 0.65 0.57 
Tristin Slick NM 2 FIS 16.50 1.50 35.50 4.50 0.66 0.60 0.78 0.75 
Adrian Allie SF 2 control 0.00 0.00 19.50 2.50 0.00 0.00 0.21 0.26 
Adrian Amy SF 2 control 14.00 3.50 101.00 13.00 0.48 0.50 0.60 0.57 
Adrian Allie SF 2 FIS 0.00 0.00 75.00 7.00 0.00 0.00 0.79 0.74 
Adrian Amy SF 2 FIS 15.00 3.50 66.00 10.00 0.52 0.50 0.40 0.43 
Mumma Nixy SF 2 control 14.50 1.50 277.50 5.00 0.37 0.27 0.78 0.45 
Mumma Nixy SF 2 FIS 24.50 4.00 80.00 6.00 0.63 0.73 0.22 0.55 
Lingna Poo SF 2 control 27.00 2.50 27.00 2.50 0.81 0.63 0.73 0.50 
Lingna Poo SF 2 FIS 6.50 1.50 10.00 2.50 0.19 0.38 0.27 0.50 
Neighbour  Footie NM 3 SV 2.22 0.56 304.44 3.33 0.24 0.33 0.97 0.55 
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Neighbour  Bonbon NM 3 SV 0.00 0.00 43.89 2.22 0.00 0.00 0.93 0.80 
Neighbour  Fattie NM 3 SV 21.67 5.56 165.00 7.78 0.78 0.77 0.94 0.78 
Neighbour  Wisper SF 3 SV 7.22 0.56 7.22 0.56 0.57 0.33 0.50 0.33 
Brittany Phelix NM 3 SV 24.50 3.50 314.50 9.50 0.53 0.47 0.69 0.54 
Brittany Bear NM 3 SV 10.00 1.50 1297.50 18.00 0.22 0.33 0.92 0.65 
Andrea Sable SF 3 SV 23.00 2.50 336.00 5.00 0.57 0.56 0.95 0.67 
Andrea Jackie SF 3 SV 18.00 1.50 310.50 7.00 0.78 0.60 0.93 0.74 
Andrea Lucky NM 3 SV 6.00 0.50 510.00 6.50 0.80 0.50 0.99 0.87 
Andrea Buggy SF 3 SV 4.50 1.00 80.50 3.50 1.00 1.00 1.00 1.00 
Andrea Maus NM 3 SV 5.00 1.00 235.00 2.00 1.00 1.00 1.00 1.00 
Andrea Mittens SF 3 SV 6.00 1.50 327.00 4.50 0.29 0.50 0.83 0.64 
Andrea Tiggers NM 3 SV 23.50 2.00 124.00 6.50 0.87 0.80 0.97 0.93 
Andrea Fbomb SF 3 SV 0.00 0.00 943.50 3.00 0.00 0.00 1.00 0.86 
Neighbour  Footie NM 3 control 7.22 1.11 9.44 2.78 0.76 0.67 0.03 0.45 
Neighbour  Bonbon NM 3 control 0.00 0.00 3.33 0.56 0.00 0.00 0.07 0.20 
Neighbour  Fattie NM 3 control 6.11 1.67 10.56 2.22 0.22 0.23 0.06 0.22 
Neighbour  Wisper SF 3 control 5.56 1.11 7.22 1.11 0.43 0.67 0.50 0.67 
Brittany Phelix NM 3 control 21.50 4.00 139.00 8.00 0.47 0.53 0.31 0.46 
Brittany Bear NM 3 control 36.50 3.00 113.50 9.50 0.78 0.67 0.08 0.35 
Andrea Sable SF 3 control 17.50 2.00 18.00 2.50 0.43 0.44 0.05 0.33 
Andrea Jackie SF 3 control 5.00 1.00 25.00 2.50 0.22 0.40 0.07 0.26 
Andrea Lucky NM 3 control 1.50 0.50 3.00 1.00 0.20 0.50 0.01 0.13 
Andrea Buggy NF 3 control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Andrea Maus NM 3 control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Andrea Mittens SF 3 control 14.50 1.50 65.00 2.50 0.71 0.50 0.17 0.36 
Andrea Tiggers NM 3 control 3.50 0.50 3.50 0.50 0.13 0.20 0.03 0.07 
Andrea Fbomb SF 3 control 0.00 0.00 2.50 0.50 0.00 0.00 0.00 0.14 
Tristin Bella SF 3 control 28.50 1.00 51.00 2.50 0.42 0.14 0.07 0.16 
Tristin Slick NM 3 control 4.50 1.50 6.00 2.00 0.13 0.33 0.06 0.31 
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Tristin Bella SF 3 SV 40.00 6.00 648.00 13.50 0.58 0.86 0.93 0.84 
Tristin Slick NM 3 SV 31.00 3.00 95.00 4.50 0.87 0.67 0.94 0.69 
Adrian Allie SF 3 control 7.50 1.00 56.50 5.00 0.63 0.50 0.54 0.45 
Adrian Amy SF 3 control 15.50 3.50 65.50 9.00 0.47 0.44 0.12 0.41 
Adrian Allie SF 3 SV 4.50 1.00 48.50 6.00 0.38 0.50 0.46 0.55 
Adrian Amy SF 3 SV 17.50 4.50 466.00 13.00 0.53 0.56 0.88 0.59 
Mumma Nixy SF 3 control 5.00 1.50 25.50 3.00 0.26 0.50 0.02 0.15 
Mumma Nixy SF 3 SV 14.50 1.50 1611.50 17.50 0.74 0.50 0.98 0.85 
Lingna Poo SF 3 control 6.50 1.50 23.00 2.00 0.13 0.33 0.16 0.25 
Lingna Poo SF 3 SV 42.50 3.00 116.50 6.00 0.87 0.67 0.84 0.75 

NM: neutered male; SF: spayed female 
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F. Body weight of cats on the control and enrichment-treated (TRT) group and activity level recorded by PetPaceTM 

collars before (week 0) and during the 4-week experimental period for Study Four (Chapter VI). 
Owner CatID Sex Age 

(yrs) 
Body 

condition 
score 

Treatment Body weight (kg) Activity level 
Week  0 Week 1 Week 2 Week 3 Week 4 Week  0 Week 1 Week 

2 
Week 

3 
Week 

4 
Andrea Jackie SF 2 7 TRT 4.90 5.17 5.08 4.90 4.90 14.1 18.2 14.8 17.7 17.8 
Andrea Midnight NM 3 5.5 TRT 5.08 4.90 4.90 4.99 4.99 8.1 18.8 13.5 13.5 17.6 
Andrea Buggy SF 1 6 TRT 7.08 6.89 6.53 6.71 6.89 14.0 24.3 25.7 8.1 16.3 
Andrea Sable SF 3 7 TRT 6.35 6.35 6.44 6.26 6.35 8.5 11.0 12.6 14.2 11.3 
Orth Clover SF 5 5.5 Control 5.35 5.62 5.44 5.35 4.90 9.8 14.2 13.6 5.6 6.5 
Mumma Nixy SF 3 5 TRT 3.36 3.54 3.45 3.27 3.27 16.3 14.4 16.6 15.4 7.9 
Kelsea Finn NM 6 6 TRT 3.90 3.90 3.90 3.81 4.35 19.5 7.9 13.7 9.0 10.9 
Kelsea Suize SF 11 5 TRT 4.35 4.35 4.45 4.72 4.81 6.2 7.9 4.8 11.6 9.5 
Neighbour Bonbon NM 9 5 TRT 3.54 3.63 3.72 3.45 3.72 4.4 4.8 5.1 6.4 2.8 
Neighbour Fattie NM 10 5 TRT 4.17 4.54 4.63 4.54 4.54 5.1 6.1 7.9 11.4 9.4 
Neighbour Footie NM 10 8 TRT 6.44 6.26 6.26 6.35 6.44 7.5 4.4 2.9 9.4 9.4 
Neighbour Wisper SF 5 6 TRT 4.26 4.26 4.35 4.26 4.17 9.8 10.0 6.8 12.8 9.3 
Lingna Poo SF 8 5.5 Control 4.54 4.45 4.35 4.35 4.45 13.5 9.7 5.4 16.2 16.1 
Summer Friedrich NM 3 6 TRT 4.54 4.35 4.17 4.35 4.35 23.3 19.0 19.9 18.5 26.1 
Tristin Bella SF 1 5 Control 3.36 3.36 3.36 3.36 3.18 6.8 16.4 17.3 13.0 19.5 
Tristin Slick NM 1 5 Control 5.62 5.62 5.62 5.44 5.62 6.2 14.9 19.9 12.4 18.7 

NM: neutered male; SF: spayed female 
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G. Measurements of cat interaction with the enrichment (catnip and silver vine-treated scratcher) during the 4-week 
experimental period for Study Four (Chapter VI). 

Owner CatID Sex Behavioral measurement Week 1 Week 2 Week 3 Week 4 

Andrea 
 

Jackie SF 

Scratching duration 
(s/day/cat) 

 

30 19.5 21.5 23.25 
Midnight NM 

Buggy SF 
Sable SF 

Mumma Nixy SF 80 22 66 0 
Kelsea 
 

Finn NM 
100 6 4 4.5 

Suize SF 

Neighbour 
 

Bonbon NM 

24.25 17.75 14.5 16.75 
Fattie NM 
Footie NM 
Wisper SF 

Summer Friedrich NM 211 174 109 101 

Andrea 
 

Jackie SF 

Interaction duration 
(s/day/cat) 

 

746.75 257.25 277.25 213.5 
Midnight NM 

Buggy SF 
Sable SF 

Mumma Nixy SF 539 24 145 3 
Kelsea 
 

Finn NM 
702.5 14.5 159 50 

Suize SF 

Neighbour 
 

Bonbon NM 

758.5 143.5 32 31.25 
Fattie NM 
Footie NM 
Wisper SF 

Summer Friedrich NM 797 321 239 188 
Andrea Jackie SF 3.5 2 2.5 2.5 
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NM: neutered male; SF: spayed female 
 

 Midnight NM 

Scratching frequency 
(time/day/cat) 

 

Buggy SF 
Sable SF 

Mumma Nixy SF 7 1 9 0 
Kelsea 
 

Finn NM 
10.5 0.5 1 0.5 Suize SF 

Neighbour 
 

Bonbon NM 

4.25 3 2.75 3.5 

Fattie NM 
Footie NM 
Wisper SF 

Summer Friedrich NM 19 14 13 10 

Andrea 
 

Jackie SF 

Interaction frequency 
(time/day/cat) 

 

4.75 2.75 2.5 2.75 

Midnight NM 
Buggy SF 
Sable SF 

Mumma Nixy SF 11 2 8 1 
Kelsea 
 

Finn NM 
10 1.5 2.5 1 Suize SF 

Neighbour 
 

Bonbon NM 

11.25 3.5 2.5 3.25 

Fattie NM 
Footie NM 
Wisper SF 

Summer Friedrich NM 22 13 12 9 
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