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When we consider how a dog is behaving, we really should 
be considering what is in their stomach. –RA Mugford, 1987



Background



Why is nutrition important in behavior?

• Behavior is regulated by neurotransmitters and hormones
• Changes in availability of NTs and hormones (over or under) influences 

behavior

• Nutrient availability influences precursor availability and absorption

• Amino acids used for synthesis of:
• Enzymes and other proteins
• Precursors of neurotransmitters and hormones

• Availability of amino acids is determined by:
• Timing and amount of food intake, diet composition and digestibility

• Fatty acids play role in brain development, cognitive performance and 
behavior



Human Literature and Research

• Diets rich in vitamins and minerals decrease anti-social behavior in kids

• Supplementation of vitamins, minerals and fatty acids decrease 
violence among prisoners

• Neonatal Iron deficiency causes cognitive delays as children



Amino Acids of Importance

• Tryptophan

• Tyrosine



Tryptophan

• Precursor for SEROTONIN

• Essential amino acid
• Must be obtained via food

• Protein absorption has a hierarchy
• Large neutral amino acids (tyrosine, phenylalanine, leucine, isoleucine, valine)

• Tryptophan

• Protein binding is important too!
• Albumin bound= 80-90%

• Only albumin bound crosses BBB



Tryptophan has been shown to:

• Decrease mouse killing in rats

• Decrease aggression in vervet monkeys

• Increase exploratory behaviors in silver foxes

• Decrease self-injurious behavior in rhesus monkeys

• Influence resistance and tolerance to stress

• Enhance/expedite recovery in pigs exposed to social stressors

• Decrease cortisol concentrations in humans following stressful math

• Decrease aggression in dogs



Tyrosine

• Can be synthesized from phenylalanine or absorbed directly

• Precursor for DOPAMINE, NOREPINEPHRINE, EPINEPHRINE

• Tyrosine competes with other LNAA for blood brain access



Tyrosine has been shown to:

• Be beneficial in rats during times of high stress as it reduces the 
catecholamine depletion during a time of high activity and demand



Dietary Lipid Content is Important Too

• Make up cell membranes

• Precursors for chemical messengers (espec steroid hormones)

• Energy source in the body

• Secondary to adipose tissue (fat), the brain has the highest 
concentration of lipids

• Polyunsaturated fatty acids (PUFA) are the most important for brain 
and behavior



PUFAs have been shown to

• Increase learning ability in rats

• (Lack of) Increase aggression in rats when intruder invaded residence

• Increase expression of stress-related behaviors in rats

• (Lack of) increased in anxiety in mice and rats

• Influence dopaminergic and serotonergic pathways
• Roles in cognition, learning, emotion and impulse control



It is WAY more complex than that

• Ratio of each LNAA to tryptophan

• Tryptophan transport across the BBB affected by breed, age, sex, social 
status, arousal and activity levels

• Carbohydrate induced insulin increases push LNAA into skeletal muscle 
(but not tryptophan) so relative advantage of tryptophan to cross BBB then

• Studies in dogs have been limited and not well controlled

• Higher tyrosine diets impair tryptophan absorption

• High tyrosine diets do not increase catecholamine levels

• Many areas to influence- Increased concentrations of NTs in one part of 
brain but decreased in another

• Fiber content plays a role in this too
• interaction b/t digestion and absorption of starch, fats and protein

• Compulsive disorders that are feeding oriented



Birth and Juvenile



Neonates and juveniles

• The most susceptible to and the highest age impacted by dietary 
deficiencies

• Direct or indirect malnutrition

• Long term behavioral effects direct result of malnutrition and/or 
abnormal maternal-offspring interaction/relationship

• Both kittens and puppies demonstrate food preferences based on 
maternal feeding habits (type, source, flavor)



Research shows-
• Maternal diets low in PUFAs led to puppies with delayed retinal 

sensitivity
• Retina and grey matter have similar concentrations and use of PUFAs

• Fear and aggression in feral cats result from maternal malnutrition

• Malnourished mothers display inadequate maternal behavior 

• Protein deficiency in the queens diet led to kittens with increased 
vocalization

• Cannibalism of kittens may be a result of her own malnourished state

• Gestational malnutrition leads to nervous puppies that resist handling

• Gestational malnutrition leads to behavioral and developmental 
delays in kittens (NOTE: kittens were nursed on a normally nourished queen)

• Juveniles showed marked anti-social behavior and cognitive delays
• Second generation kittens also showed delays



Take-aways

• Maternal malnutrition and neonate nutrition can impact later 
behavior significantly
• Breeders, fosters, and feeders need to be aware of the unique dietary 

constraints of pregnant and lactating moms

• Ferals, strays, and rescues/imports can all have significant behavioral 
concerns as a result of malnourishment

• Bottle babies are a “thing” ?? Cross-foster litters when possible
• Malnourishment versus lack of social interaction

• Adoptive owners and fosters should be warned and intervention 
sought immediately



What to feed pregnant and lactating pets

• AAFCO certified 
• To meet nutritional needs for gestation and lactation

• Performed through AAFCO feeding trials of gestating and lactating pets

• All life stages is slightly different

• Last 3 weeks of gestation and first 4 weeks of lactation
• Feed free choice

• Offer variety of textures, types of food, and protein sources if possible
• Enhances ability for puppies and kittens to be more open to a variety of foods 



Diets to feed



Training starts right away

See
Mark
And
Reward
Training



Adult



Appropriate protein content



Grain Containing



Nutritional Intervention for Behavior



Immune System & Behavior

• Immune system and brain connection
• Higher incidence of IBS/IBD in people with anxiety

• Higher incidence of allergy/derm disorders in people with anxiety

• When experiencing a flair of any medical disorder, patients behavior 
can be worse due to trigger stacking



Probiotics and stress



Probiotics and stress



Gut brain connection



Title and Content

• Text



Clinical case load

• Clinical case load
• Non-specific GI signs

• Non-response to medications

• GI side effects with medications Text



Training treats and enrichment



What about obesity?

• Approximately 40% of pets are obese
• 97% found to be owner related factors

• Calculate actual needs and intake

• Use food for treats

• Save calories for treat and training

• Use feeder and puzzle toys

• Increase satiety to decrease begging behavior



What about allergies?

• Fruits and veggies

• Hypoallergenic

• Marshmallows

• Protein source



Senior



Pain and osteoarthritis

• Nutritional supplements

• Diet changes

• Obesity and calorie reduction





Cognitive Dysfunction



Cognitive Dysfunction



CADES study



Nutritional Intervention for CDS



You CAN teach and old dogs new tricks

Use It… 
or… Lose It



Conclusion



Questions?


