
Fueling the Feline
When and how to make use of crystalline amino 
acids in commercial pet foods



Felis catus
• Domestication started 

~10,000 and co-dependence 
started ~3,000 years ago
• Key task: Hunting
• Self-domesticated as little 

controlled breeding and feral 
cats easily survive
• Domesticated from the 

Wildcat, F. silverestris 
silvestris (European wild 
cat), F. silverestris lybica 
(African wild cat), and F. 
silverestris ornata
• Obligate carnivore





Organ Cat Dog Human

Total tract transit time1 3,009 ± 1,220 minutes1 1,671 ± 513 minutes1 600 – 4,380 min range
Stomach ~70% digestive capacity

Average pH ~ 2.5  
~60% digestive capacity
Fasting pH =  3.0 ± 1.41

Fed pH = 1.8 ± 0.31

*Older research suggests higher pH

~60% digestive capacity

Intestine 4x Body Length
Small Intestine: 80%
15% of digestive capacity

Taurodeoxycholic acid
~ 4.4 mg/mL

5x Body Length
Small Intestine: 85%
Large Intestine: 15%
23% of digestive capacity
Taurodeoxycholic acid
~ 10.3 mg/mL

5x Body Length
Small Intestine: 85%
Large Intestine: 15%

Cecum Small cecum Small cecum Vermiform Appendix

Colon Short, tubular colon
Unsacculated
16% of digestive capacity

Straight, tubular colon
Unsacculated
13% of digestive capacity

Straight, tubular colon
Sacculated

Fermentation Capacity Some fermentation Some fermentation Some fermentation

1Tolbert MK et al. 2022, 2Brosey et al. 2000



AA requirement terminology

Conditionally indispensable 
AA due to diet

Cysteine- TSAA
Tyrosine- TAA

Conditionally indispensable 
AA due to physiological 
state:
Urine pH
Inflammation/infection

 



Feline Idiosyncrasies

6

2x ↑ protein requirements 
than omnivorous species

↑ Arg requirement

↑ Met and Cys requirement

Tau is essential

Require arachidonic acid 
within diet

Preformed vit A, vit D, B6, B3 
required

Gluconeogenic enzyme 
activity is upregulated

Theorized to have 
‘carbohydrate ceiling’ in 

terms of intake

CREPUSCULAR feeding patterns

Ad libitum vs. Meal feeding patterns



Protein requirement

• Obligate carnivores cannot down regulate the 
enzymes that are involved in proteolysis and 
amino acid deamination and oxidation
• Other mammals down regulate these 

enzymes when they consume diets low in 
protein
• Kittens have ~2X the protein requirement 

than puppies



Protein quality

Protein quality is dependent upon:
1.  Protein content
2.  Amino acid composition
3. Protein digestibility and amino acid availability 
compared to the requirements of the species of interest.



Amino Acid 
Pool

Protein Breakdown 

Protein Synthesis 

Amino Acid Intake

Body Protein

Nitrogen 
excretion

Model of EAA metabolism and protein turnover

Growth, exercise, dietary 
deficiency, disease, aging

Digestibility

PROTEIN QUALITY

Bio-availability

PROTEIN QUALITY



The limiting amino acid theory



1) Cats have low hepatic glucokinase and limited 

regulation of other glycolytic enzymes

2) Cats have minimal salivary amylase and modest 

pancreatic amylase

3) Cats rely on gluconeogenesis, even in the fed state*

4) Protein and amino acids become the main substrate 

for glucose production, which is energetically costly *

5) Fat is preferred and rapidly used *

Glucose is precious and mostly self made, fundamentally 
affecting fuel use and energy metabolism

Bequette et al. 2006. Application of stable isotopes and mass isotopomer distribution analysis to the study of 
intermediary metabolism of nutrients. Journal of Animal Science. 10.2527/2006.8413_supplE50x

Only Lysine and 
Leucine are solely 

ketogenic.

https://doi.org/10.2527/2006.8413_supplE50x


Suggested minimum protein in the single 
format diets (% of diet on a DM basis)

1Presumes an energy density of 4000 kcal ME/kg
2Presumes typical MER of 100 kcal * kg BW0.67

*NRC Recommended allowance for adult cats for maintenance= 4.96 g/kg BW0.67)

NRC1 AAFCO2 FEDIAF2

Cats

Adult maintenance 20% 26% 25%

Growth and reproduction 21.3% 30% 28/30%



Let’s check our math

If we feed an ideal weight adult cat (5 kg as an example) to its energy 
requirement, would they meet their protein requirement being fed 
20% CP (4,000 kcal ME/kg)?

100 kcal * kg BW0.67

= 293 kcal ME
~73 g of food providing 14.7 grams of CP
CP requirement of lean adult cats =4.97 g * kg BW0.67

= 14.6 grams of CP



Animal derived proteins result in greater nitrogen retention than 
vegetable proteins when fed to cats, but CGM resulted in lower urine 
pH, struvite activity products, and struvite crystals

Funaba et al, Can J Vet Res. 2005; 69: 299-394.



FEDIAF adult cat maintenance amino acid recommendations on a diet basis (g/100 g DM) from the 2024 guidelines

Meat Meal Chicken Meal Corn Gluten Meal Adult Cat requirement
CP (g/100g) 50 65 60 25
Arginine (g/100g) 3.5 4.8 1.8 1.07
Histidine (g/100g) 1.2 1.5 1.5 0.33
Isoleucine (g/100g) 1.8 2.5 3.5 0.54
Leucine (g/100g) 3.5 4.2 10.5 1.28
Lysine (g/100g) 2.5 3.8 0.9 0.85
Methionine (g/100g) 0.7 1.2 2 0.34
Cysteine (g/100g) 0.5 0.6 1 0.51
Phenylalanine (g/100g) 2 2.3 4.5 0.63
Tyrosine (g/100g) 1.5 1.8 3.8 0.63
Threonine (g/100g) 1.8 2.4 1.7 0.6
Tryptophan (g/100g) 0.3 0.5 0.3 0.2
Valine (g/100g) 2.5 3 4 0.68

Considering differences among the protein and AA 
provision for ingredients



Protein quality
DIAAS

=
⁄(mg	digestible	IAA	 )	1	g	test	ingredient	crude	protein

⁄(mg	of	same	IAA	 )	1	g	reference	protein
	x	100

Van Rooijen et al. 2014

Analytical accuracy of 
measurements of AA in forms 
that mammals can utilize or 

compounds that may 
metabolically, but not 

digestively alter the use of AA 
for protein synthesis

Reference patterns? What 
happens when those are 

not accurate?



Enabling 
calculations 
of protein 
quality …



Protein quality without digestibility correction

DIAAS − 𝐋𝐈𝐊𝐄
Or	AA	Score

=
⁄(mg	IAA	 )	1	g	test	ingredient	crude	protein

⁄(mg	of	same	IAA	 )	1	g	reference	protein 	x	100



Meat Meal Chicken Meal Corn Gluten Meal

Arginine 164 173 70

Histidine 182 175 189

Isoleucine 167 178 270

Leucine 137 126 342

Lysine 147 172 44

Methionine 103 136 245

Cysteine 49 45 82

Phenylalanine 159 140 298

Tyrosine 119 110 251

Threonine 150 154 118

Tryptophan 75 96 63

Valine 184 170 245

Comparing protein quality scores



Suggested minimum total sulfur amino acid (TSAA) 
requirement in single format diets (% of diet on a DM basis)

1Presumes an energy density of 4000 kcal ME/kg
2Presumes typical MER of 100 kcal * kg BW0.67

*NRC Recommended allowance for adult cats for maintenance= 4.96 g/kg BW0.67)

NRC1 AAFCO1 FEDIAF2

Cats

Adult maintenance 0.34% 0.65% 0.85%



Let’s check our math

If we feed an ideal weight adult cat (5 kg as an example) to its energy 
requirement we will feed them 73 g of food and let’s assume that food 
contains 0.65% Met + Cys. Would they meet their total sulfur amino acid 
requirement?

~73 g of food providing 0.65% total sulfur AA with methionine providing 
0.45%. Methionine is the precursor cysteine, so methionine can supply the 
whole TSAA requirement and cysteine can “spare” or reduce the 
requirement for methionine.
= 0.48 g Met+Cys
Total sulfur amino acid requirement of lean adult cats =0.076 g * kg BW
= 0.38 grams of Met+Cys



But people may restrict food to elicit weight loss

If we feed an overweight adult cat (6.5 kg, but ideal BW is 5 kg as an 
example) to 30% below its energy requirement we will feed them 55 g of 
food the same food (0.65% Met + Cys). Would they meet their total sulfur 
amino acid requirement?

~51 g of food providing 0.65% total sulfur AA with methionine providing 
0.45%. 
= 0.33 g Met+Cys

Total sulfur amino acid requirement of lean adult cats =0.076 g * kg BW
= 0.38 grams of Met+Cys



- Cats were fed a therapeutic weight loss diet optimized for food restriction and 37% CP
- The optimal nutrient intake during energy restriction is not known, however some nutrients of concern
have been identified in the present study and warrant further investigation



Formulation guidance
• When you are formulating low protein diets, you 

must ensure that your digestible amino acid 
intakes are met

• To achieve this you can use protein sources that 
are highly digestible and of good quality, which 
are generally animal based ingredients with high 
digestibility. 

• Using plant-based ingredients requires multiple 
ingredients to be used to “compliment” the 
amino acid profile OR the use of individual amino 
acids to ensure that all indispensable amino acid 
requirements are met or exceeded.

• Diets where all the indispensable amino acids are 
far above requirement will meet amino acid and 
nitrogen requirements and the excess amino 
acids will be utilized 



Mammalian Energy Digestion 
and Metabolism



Net energy (NE)

NE= !!"!#$%	'"()*!	+!"!#$%	'"	,!-!.	+!"!#$%	'"	/#'"!	+012 ∗455
!"!#$%	'"()*!

• Net energy for maintenance (60-70%)
• Basis of energy requirement 

recommendations to support basal 
metabolism in animal at rest, in a post 
absorptive state and thermo-neutral 
environment

• Net energy for production (up to 30%)

Icelandic folklore, Jólakötturinn, is a giant cat who 
prowls the longest winter nights, hunting those who 
didn’t receive new clothes before Christmas. 



Whole body energy balance

Balance= energy ingested – energy lost

Davis and Drackley, 1998



Diet 23CP 25CP 26CP 29CP 36CP 41CP SED Linear P

GE 
(kcal/d)

299abc 292a 296ab 300abc 312c 308bc 5.07 <0.01

DE 
(kcal/d)

153a 166ab 169ab 180b 223c 201bc 24.0 <0.01

ME 
(kcal/d)

119a 124ab 129b 130b 170d 148c 20.8 0.02

NE 
(kcal/d)

89a 95b 115bc 121c 140d 123c 19.9 0.01

Increasing dietary CP results in increases all 
types of energy available to the cat

28



Brain glucose demand supported by 
gluconeogenesis in cats

Fed respiratory quotient in cats remain within 
0.75-0.85 range

Gluconeogenesis is constant

29

Diets 23CP 25CP 26CP 29CP 36CP 41CP SED1 P Value
Linear

RQfasted 0.774 0.775 0.777 0.778 0.768 0.764 0.01 0.06
RQtotal postprandial 0.828c 0.816bc 0.815bc 0.807ab 0.805ab 0.799a 0.01 <0.01



Increasing use of AA for GNG and with greater energetic efficiency



Summary of protein energetics
• Current AAFCO calculations for ME density 

underpredict energy density (kcal ME/kg)
• Energy efficiency positively related to dietary CP

• Big watch out for high protein diets in cats prone to 
weight gain and for feeding guidelines

• Cats rely on protein for glucose, but dietary 
carbohydrate content is also related to satiety and 
gut health

• Need research to understand if protein efficiency 
and dietary protein intake are positively 
correlated in energy restriction





Primary conjunctival inoculation with FHV-1 of 14 
young adult cats and viral reactivation on day 15 of L-
lysine supplementation

400 mg of L-lysine per day for 30 days

Clinical signs and viral shedding by PCR and plasma AA

Results: Delayed clinical signs by 7 days and fewer 
shedding episodes; plasma lysine greater after meal 
eating and no effect on arginine concentrations.

Primary conjunctival inoculation with FHV-1 6 hours 
after first supplementation

500 mg of L-lysine per day for 21 days

Clinical signs and viral shedding by PCR and plasma AA

Results: Less manifestations of conjunctivitis in Lys; 
plasma lysine greater after meal eating and no effect 
on arginine concentrations.

TWO clinical studies: Both with phenotypic positive outcomes.



Lysine does not have anti-viral properties and does not antagonize arginine, reducing its 
concentrations intracellularly and inhibiting viral replication.

In vitro show no effect on viral replication

Clinical studies with cats have not shown any benefit to lysine supplementation, but the above 
two did. 

No discussion about nutrient status, protein turnover or immune status.



Amino acids are NOT pharmaceuticals yet are often investigated as though 
they behave like pharmaceuticals. 

The growing recognition of ”functional amino acids” best applies to low 
protein diets where total protein is often limited and as such, so are the 

amino acids. 

Amino acid supplementation needs to consider how that amino acid 
interacts during processing with other nutrients and on a physiological basis, 

the other nutrients that may alter the availability of the amino acid of 
interest.



3% methionine, but not 1% methionine 
reduced urine pH and the presence of 
struvite activity products 

2.56 g S/kg of DL-methionine or methionine 
hydroxy analog resulted in lower urinary pH.

This equates to approximately 12 g/kg of 
methionine.

While methionine is an effective urinary pH approach, considering mineral 
balance is most important to decrease struvite crystals. 

The source of magnesium should also be considered since MgCl provides 
chloride, which acidifies the urine. 

The diet format, macronutrient content, total feed intake, electrolyte intake, 
water source, and multiple behavior and physiological differences among 

cats also influence struvite formation.





Protein quality Secondary metabolites AA bioavailability Nutrient interactions Conclusions



Bringing it all together

• Cats make glucose from protein and the CP content is related with greater 
energy efficiency, so the more protein, the better they are at harvesting 
the energy from the food
• Amino acid supplementation needs to be considered in the broader 

context of the diet and the animal investigated should be better 
understood before you consider amino acid supplementation
• To consider AA supplementation, you need to consider the individual role 

of the amino acids and its balance with other amino acids and nutrients.



Thank You. 

Please consider funding discovery research 
that benefits ALL cats. 




