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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.
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Study Animals Diet approach Outcome > 14 weeks
NRC (MR)

Adult maintenance
AAFCO (min)

Methionine and 
cysteine

1. Immature 
Beagles

2. Immature 
Beagles

3. English pointer 
puppies

Simple titration Weight gain: 2.1 g/kg 
Met and 3.5 g/kg Cys
Weight gain: 2.0 g/kg 
Met and 1.9 Cys
Weight gain: 2.3 g/kg 
Met and 2.2 Cys

2.1 g/kg for both Met 
and Cys

3.3 g/kg Met and 3.2 
g/kg Cys

Lysine Weanling pointers Simple AA and intact 
protein diets

Weight gain
Simple= 7 g/kg
Intact= 8 g/kg 

5.6 g/kg 6.3 g/kg

Isoleucine Weanling Beagles Simple diet, ILE 
titration

N retention at  4.0 
g/kg

4.0 g/kg 3.8 g/kg

Leucine 1. Weanling 
beagles

2. 8-14 week 
Beagles

Simple diet, LEU 
titration

N retention at 6.0 
g/kg
Maximal weight gain 
at 7.0 g/kg

6.5 g/kg 6.8 g/kg

Puppies and/or 
growing dogs

= OVER

Titration with 
synthetic or 
semi-synthetic 
diets

= UNDER

Weight gain or 
nitrogen 
retention

= UNDER
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● Current protein recommendation: EAR= 0.66 g/kg/day; RDA= 0.8 g/kg/day
Ø Data based on nitrogen balance method (since 1985)
● Indispensable amino acid recommendation increased from 1985 to 2005/2007 guidelines

Human indispensable amino acid requirements

1985 2005/2007
Amino Acids Adults EAR (mg/kg/d) RDA (mg/kg/d)

Histidine 8 11 14
Isoleucine 10 15 19

Leucine 14 34 42

Lysine 12 31 38
Methionine+ Cysteine 13 15 19

Phenylalanine+ 
Tyrosine

14 27 33

Threonine 7 16 20
Tryptophan 3.5 4 5

Valine 10 19 24
(Institute of Medicine, 2005), FAO/WHO, 2007), (National Academies Press, 1985)
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Which life stage? Which life style? Which breed?

Begging the question: Who do we target? What do we need 
to know to make good decisions?
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For these reasons I would like to echo the concluding 
remarks of Tang et al. (2014) regarding the IAAO 
technique in that “the limitations of this short-term, 
noninvasive method underscore the need for new 
research that uses alternative experimental designs and 
measuring physiologic, morphologic, and health-related 
outcomes.” Juan Marini, 2015, Commentary in Journal of Nutrition
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Amino acid requirements (g/100g DM)
AAFCO/NRC RA Small Medium Large

Phenylalanine
(Shoveller et al, 2018 JAS)

0.44/ 0.45 0.39 0.40 0.50

Tryptophan
(Templeman et al, 2019 JAS)

0.16/0.14 0.18 0.26 0.20

Threonine
(Mansilla et al, 2020 JAS)

0.48/0.43 -- 0.60 0.57

Lysine
(Sutherland et al, 2020, TAS)

0.63/0.35 -- 0.58

Methionine
(Mansilla et al, 2020, JAS)

0.33/0.33 0.34
0.50 0.57
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Control: fed a basal diet (Trp:LNAA 
ratio of 0.047:1)

Treatment: fed the basal diet with 
a dietary Trp supplementation 
(Trp:LNAA ratio of 0.075:1)

Tryptophan ratios

For 11 weeks, dogs were fed either:
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Serum tryptophan concentrations at 1 hour after feeding
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Ratio of tryptophan to LNAA in serum at 1 hour after feeding
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Serum serotonin concentrations at 1 hour after feeding
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Serum serotonin concentrations at 4 hours after feeding
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Behavioural Evaluation

• Dogs were recorded for 5 minutes prior to exercise, and for 5 
minutes immediately post exercise
• Quantified the time each dog spent performing:
•Agonistic behaviours, chewing on the gangline, digging, jumping, 

lunging, changing posture, sitting, standing and lying down

3 5.8 11.2 17.2 23.8 30.1 35.8 16.2 36 41.4
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Step-up exercise protocol of dogs, km ran



Tryptophan decreased pre-run agonistic behaviours
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Tryptophan, gut health, and behaviour

• TRP requirements are greater than regulatory 
guidance
• TRP participates in secondary metabolism that may 

take much longer to measure than changes in protein, 
amino acids, or nitrogen metabolism
• Some secondary metabolites, like serotonin, may have 

implications for the health and well-being of dogs
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Beagles

Pooled data
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Minimum methionine requirements (Mansilla et al. 2020)

AAFCO FEDIAF 

(110 
kcal/kg0.75)

NRC Miniature 
Dachshunds

Beagles Labrador 
Retrievers

Beagles and 
Labradors 
(pooled 
data)

MR RA MR CL MR CL MR CL MR CL

g/100 g DM 0.33 0.40 0.26 0.33 [0.21-0.26] 0.304 0.338 0.458 0.360 0.517 0.360 0.482

g/Mcal ME 0.83 1.00 0.65 0.83 [0.57-0.70] 0.822 0.914 1.238 0.973 1.397 0.973 1.303

mg/kg BW [35.7-45.0] 51.6 57.5 77.9 50.4 72.4 56.0 75.8

mg/kg 
BW^0.75

85 110 -- -- 107.7 147.8 121.8 159.6 118.4 150.5
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Amino acid requirements (g/100g DM)
AAFCO/NRC RA Small Medium Large

Phenylalanine
(Shoveller et al, 2018 JAS)

0.44/ 0.45 0.39 0.40 0.50

Tryptophan
(Templeman et al, 2019 JAS)

0.16/0.14 0.18 0.26 0.20

Threonine
(Mansilla et al, 2020 JAS)

0.48/0.43 -- 0.60 0.57

Lysine
(Sutherland et al, 2020, TAS)

0.63/0.35 -- 0.58

Methionine
(Mansilla et al, 2020, JAS)

0.33/0.33 0.34
0.50 0.57
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Plasma SAA concentrations (Mansilla et al. 2020)

AA, μM Breed
Dietary Met, % (n=4)

0.21 0.26 0.31 0.36 0.41 0.46 0.66 SEM1 Breed Met Interaction

Methionine

Dachshunds 26.1 23.1 34.7 43.9 52.4* 63.4* 63.2* 7.0
<0.001 0.016 0.125

Beagles 141.0 220.6 199.3 238.5 304.3 222.8 344.9* 51.0

Labradors 280.6 285.0 147.6 224.8 194.1 252.2 347.6 41.0

Taurine

Dachshunds 266.1 227.0 195.6 238.5 226.0 217.6 208.7 25.5
<0.001 0.243 0.882

Beagles 175.9 159.4 141.4 176.6 184.5 192.2 177.1 24.0

Labradors 133.8 131.3 110.1 126.9 119.3 116.2 127.4 12.8
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Plasma taurine is greater when either methionine or 
choline, carnitine and creatine are provided in contrast to 
control (Banton et al. 2021)
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Total dietary 
methionine 

(measures  all 
forms of 

methionine)

Oxidation Methionine 
sulfoxide and 

sulfone 

Absorbed in GIT 
but not 

bioavailable 

Accounted as methionine in 
the AA analysis 
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DL-methionine 100%   Met-sulfoxide 60%         Met-sulfone 0%

Anderson H. et al. Journal of Nutrition, 106(8): 1108-1114.

Protein quality Secondary metabolites Nutrient interactions AA bioavailability Conclusions



Protein quality Secondary metabolites Nutrient interactions AA bioavailability Conclusions



The sulfur amino acids

•MET requirements are greater than regulatory 
guidance
• Sulfur amino acid metabolism affects and is affected 

by the cofactors needed for transmethylation, 
remethylation and transsulfuration
•MET bioavailability currently is not measured in canine 

nutrition and physiology and is needed to understand 
the protein quality of the foods we feed
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Amino acid requirements (g/100g DM)
AAFCO/NRC RA Small Medium Large

Phenylalanine
(Shoveller et al, 2018 JAS)

0.44/ 0.45 0.39 0.40 0.50

Tryptophan
(Templeman et al, 2019 JAS)

0.16/0.14 0.18 0.26 0.20

Threonine
(Mansilla et al, 2020 JAS)

0.48/0.43 -- 0.60 0.57

Lysine
(Sutherland et al, 2020, TAS)

0.63/0.35 -- 0.58

Methionine
(Mansilla et al, 2020, JAS)

0.33/0.33 0.34
0.50 0.57
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● Current protein recommendation: EAR= 0.66 g/kg/day; RDA= 0.8 g/kg/day
Ø Data based on nitrogen balance method (since 1985)
● Indispensable amino acid recommendation increased from 1985 to 2005/2007 guidelines

Human indispensable amino acid requirements

1985 2005/2007
Amino Acids Adults EAR (mg/kg/d) RDA (mg/kg/d)

Histidine 8 11 14
Isoleucine 10 15 19

Leucine 14 34 42

Lysine 12 31 38
Methionine+ Cysteine 13 15 19

Phenylalanine+ 
Tyrosine

14 27 33

Threonine 7 16 20
Tryptophan 3.5 4 5

Valine 10 19 24
(Institute of Medicine, 2005), FAO/WHO, 2007), (National Academies Press, 1985)

Protein quality Secondary metabolites Nutrient interactions AA bioavailability Conclusions



Enabling 
calculations 
of protein 
quality …
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Protein quality can be quantified and 
conveyed to the veterinarian and consumer
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?
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The SID Lysine requirement is 
greater (1.21%) when pigs are 
fed low ratio of indispensable 
nitrogen: total nitrogen ratios 
(0.33) in comparison to pigs fed a 
high ratio (0.36).

What does this mean for the 
variability in amino acid and 
protein content of commercial 
dog and cat foods?

Camiré et al. 2023
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How does the ratio of indispensable AA 
nitrogen to total nitrogen affect AA 
requirements in dogs and cats?

Is there a role or requirements for 
dispensable AA in dogs and cats? Could 
this help ameliorate sarcopenia in aging 
dogs and cats?
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Summary
• AA requirements may be too low when dogs are fed to weight 

maintenance and food restricted in cases to avoid weight gain
• The ratio of amino acids should be considered in research and 

subsequently in commercial formulation, ie. Trp: LNAA and the as a ratio 
to nitrogen, such as employed in DIAAS measures of protein quality
• Protein and AA metabolism is affected by other nutrients, ie. 

micronutrients, and need to be considered together in formulation
• Protein quality also considers the bioavailability of the AA and you 

should understand what you are measuring, such as in the case of MET
• The physiological state of animals will predict the efficacy of individual 

formulation approaches and need to be considered in formulation
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