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Table 2. NRC3 and AAFCO4 amino acid recommendations for puppies after
weaning and adults at maintenance

g/1000 kcal ME Valine Isoleucine Leucine Threonine

Pu
pp

ie
s Minimum 

Requirement 1.353 -- 1.303 -- 2.583 -- 1.633 --

Recommended 
Allowance 1.703 1.704 1.633 1.784 3.223 3.234 2.033 2.604

Ad
ul

ts

Minimum 
Requirement 0.983 -- 0.753 -- 1.353 -- 0.853 --

Recommended 
Allowance 1.233 1.234 0.953 0.954 1.703 1.704 1.083 1.204

ConclusionsResultsIntroduction
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The objective of this experiment is to use the indicator amino acid oxidation
technique to determine the branched chain amino acids (Val, Ile, and Leu) and
threonine requirements in puppy Labrador Retrievers.
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Experimental Design
• Six young (>14wk-9mo) Labrador retrievers were selected for the study
• The control diet was fed for two days, followed by a day in which the test diet was

fed to determine requirements
• On test day, a priming dose of L-[1-13C]phenylalanine (Cambridge Isotope

Laboratories, Inc.) based on the subject’s body weight was first supplied, followed
by [1-13C]Phe doses every thirty minutes, spanning a four hour period

• A respiration mask was placed on each subject every 30 minutes (Oxymax,
Columbus Instruments), 13CO2 was collected, and enrichment was determined by
isotope ratio mass spectrometry (IRMS)

• Results were converted to atom percent excess (APE) and analyzed using a
broken-line model of best fit (JMP Pro 16)

• Body composition was measured using dual energy x-ray absorptiometry (DXA)
(GE Lunar Prodigy) in order to obtain lean mass

Branched chain amino acids (BCAA) such as valine (Val), isoleucine (Ile), and leucine
(Leu), are essential amino acids often known for their anabolic properties.
Providing BCAA nutrients in proper amounts is ever-important in growing dogs
considering the majority of skeletal muscle deposition occurs at a young age.
Additionally, providing excess BCAA can result in increased insulin resistance and
overweight animals (1). Another essential amino acid, threonine (Thr), plays an
important role in protein digestion and absorption as well as fat metabolism (2).
The involvement of valine, isoleucine, leucine, and threonine in metabolic
processes such protein deposition, nutrient absorption, and fat metabolism
emphasizes the need to provide the aforementioned amino acids in appropriate
amounts. Therefore, in this experiment, the indicator amino acid oxidation (IAAO)
technique was utilized to determine valine, isoleucine, leucine, and threonine
requirements in six puppy Labrador Retrievers (>14 wk-9mo).

Amino acid requirements of valine, isoleucine, leucine, and threonine for young
(>14 wk-9 mo) Labrador Retrievers are shown in Table 1. The estimated mean and
population requirements of young (>14 wk-9 mo) dogs was determined to be 1.72
± 0.11 g/1000 kcal ME, 1.43 ± 0.24 g/1000 kcal ME, 2.25 ± 0.15 g/1000 kcal ME,
1.74 ± 0.16 g/1000 kcal ME (mean ± 2SD) for valine, isoleucine, leucine, and
threonine, respectively. Previous requirements published by the NRC (2006) are
shown in Table 2 (3). Graph 1 shows the 13CO2 captured across Leucine treatments.
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Table 1. Four Rivers amino acid requirements for branched chain amino acids
(Val, Ile, Leu) and threonine for puppy Labrador Retrievers

Valine Isoleucine Leucine Threonine
g / 1000 kcal ME 1.72 ± 0.11 1.43 ± 0.24 2.25 ± 0.15 1.74 ± 0.16

% / 1000 kcal ME / kg Lean 
Mass 0.78 0.65 1.03 0.79

The establishment of amino acid requirements through way of the indicator amino
acid oxidation technique often shows higher requirements as compared to
traditional amino acid studies such as the nitrogen balance approach. The higher
amino acid requirement found through the IAAO method, as shown in this study, is
often due to the adaptation period required for each testing method. For instance,
a traditional nitrogen balance study requires a longer adaptation period (>7d) as
compared to those in an IAAO study (3d) (5). By using the IAAO technique, the
animal subjected to the diets do not see an adjustment to protein degradation,
particularly a decrease in the degradation. Considering protein turnover is related
to nutrient intake, underfeeding amino acids for long periods of times can have an
affect on amino acid requirements. Therefore, as requirements are developed for
puppies, adults, and seniors as wells as for specific gender and age profiles, the
IAAO method may be of increasing interest for researchers in the petfood industry.

Graph 1. Labelled breath sample collected for dogs fed deficient to
excess leucine treatments
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