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Fig 1. Schematic of experimental design (Powell et al., 2017)

Figure 2. Schematic of feeding trial and collection methods.
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Table 1. Parameter definitions

A Asymptotic max. APE

k Rate of change in APE

t Time

L1 Lag from initiation of feeding 
to first increase in enrichment

L2 Increase over L1 in lag from 
cessation of feeding to first 
decrease in enrichment

ε Residual error

Table 2. Subscript definitions

i Diet, i = 1, … , 4

J Cow, j = 1, … , 3

k Time, k =1, …, n

Table 4. Kinetic parameter estimates of 15N-APE in milk, urine, and faeces for each feed ingredient1 in the 
diet, with K the fractional rate of change and L1 the time to first appearance of 15N in each pool. 
Item AS CS CG SBM P-value

Milk 

k, h-1 0.0260
(0.00112)2

0.0278
(0.00131)

0.0264
(0.00137)

0.0271
(0.00104)

>0.94

L1,h
8.00

(0.681)
6.72 

(0.496)
7.72 

(0.645)
7.18 

(0.364) >0.74

Urine

k, h-1 0.0426
(0.00243)

0.0398
(0.00300)

0.0343
(0.00253)

0.0360
(0.00214) >0.17

L1, h
6.11a

(0.319)
3.46b

(0.496)
5.99a

(0.744)
6.69a

(0.361) <0.10

Faeces

k, h-1 0.0442b

(0.00312)
0.0653a

(0.00493)
0.0344abc

(0.00523)
0.0310c

(0.00334) <0.05

L1, h 12.3ab

(0.881)
13.6a

(0.764)
6.56bc

(2.246)
6.26c

(1.558)
<0.05

1 AS = alfalfa silage, CS = corn silage, CG = corn grain, SBM = soybean meal. 2 Value in parenthesis is standard error. a,b,c differences 
of within-row parameter estimates (P < 0.05)
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• Our current ruminant nutrition models aggregate protein from individual feeds into 
composite pools such as ruminally degradable (available for protein synthesis in the 
rumen), ruminally undegradable protein (supply of amino acids from feed), and 
metabolisable protein (total supply of amino acids for intestinal absorption) (INRA 1989, 
NRC, 2001, NorFor, 2011) .

• This approach assumes additivity and relies also on the assumption that composition and 
structure of individual feed N compounds do not influence digestion, metabolism, and 
subsequent secretion and excretion. 

• Tracing the N from individual feed ingredients within the body and in exit pools (milk, 
urine and faecal N pools)  may be an important venue for future advances in ruminant 
nutrition.

• Feeds intrinsically labelled with the stable isotope 15N can be used to test assumptions of 
current models and determine if N fractions from different feeds do in fact behave 
similarly during ruminant digestion and metabolism.

• The objective of this study was to develop a single-pool kinetics model to describe the rise 
and the fall of atom percent excess (APE) 15N in milk, urine and faeces from the N in alfalfa 
silage (AS), corn silage (CS), corn grain (CG), and soybean meal (SBM) when fed to lactating 
dairy cows.
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• Crops of alfalfa, corn, and soybean were 
labelled with 15N enriched fertilizer (Powell et 

al., 2017).

• 15N labelled and non-labelled crops were 

harvested and processed similarly to produce 
AS, CS, CG) and SBM with and without 15N.

• Diet was formulated with approximately 33, 33, 
20, and 13% AS, CS, CG and SBM, respectively 
(DM basis) and fed as a total mixed ration 

(TMR) to 12 pregnant multiparous lactating 
cows at 264 days in milk and producing on 

average 26 kg/d of milk.

• Treatments are illustrated Fig. 1 & 2 (Barros et 

al. 2017).

• A piece-wise, single-pool, first-order exponential model with a lag was developed to describe the rise and fall 
of atom percent excess (APE) 15N in milk, urine and faeces from each feed ingredient during the entire 176-h 

collection period.

• Additive random cow effects were included for each parameter: (e.g.                              )  

• A weighted, AR-1 covariance structure was selected with a forward stepwise selection method building 
complexity in the covariance model:

• All models were developed using R statistical software. 

• Pre-planned linear contrasts were conducted with the multcomp package to test for significant differences (P 
< 0.05) in specific kinetic parameters among feed ingredients while reducing the possibility of Type I errors.

• The weighted, AR-1 covariance structure greatly improved model fit and residual behaviour as indicated by 
reduced AIC and BIC and increased normality of residuals.

• Delay in appearance (lag time) and rate of N excretion in faeces varies with feed ingredient revealing unique 
digestive behaviours of ingredients.

• These unique digestive behaviours likely result from a combination of structural (particle size) and 
compositional (N content and makeup) factors due to differences seen between forages vs. grains and 

legumes vs. non-legumes.
• Similar kinetic parameter estimates between diets for excretion in urine and secretion in milk suggest 

equivalent behaviour of N from different ingredients after absorption. 

Fig. 3. Observed (colored data points, which identify a cow) and average predicted 15APE (%) in milk, urine and 
faeces (lines) vs. time
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• Kinetic parameter (k, L1) estimates (Table 4) indicated: 

• Milk. There was no effect of feed ingredient source on kinetics of 15N incorporation into milk N.

• Urine. There was no effect of feed ingredient source on fractional rate of excretion of 15N in urine, 

however 15N from CS appeared earlier in urine compare to 15N of other feed ingredients.

• Faeces. Feed ingredients influenced both the rate of excretion (k) and the delay in appearance of the 15N  
(L1) for Urine N and Faecal N.

• The fractional rate of excretion (k) is ingredient specific for faecal N, but not for urinary N or milk N.

• Asymptotic maxima APE (A) estimates cannot be 
directly compared due to variable enrichment of 

ingredients (Powell et al., 2017). However the ratios 
of the asymptotic max 15N APE in faeces and urine 

relative to milk  (as shown in Fig. 3) provide an 
insight as to the fate of the N from each ingredient.  

• The ratios of A for both Faecal N:Milk N and Urinary 

N:Milk N were greater for silages than concentrates 
(Table 3), which agreed with Barros et al. (2017). 

Table 3. Ratio of maximum 15N-APE (A) estimates for 
each 15N labelled feed ingredients1 in the diet.

AS CS CG SBM

Faecal N:Milk N 1.96a 1.83a 1.51b 0.946c

Urinary N:Milk N 1.33b 1.78a 0.930c 0.866c

1 AS = alfalfa silage, CS = corn silage, CG = corn grain, SBM = soybean 
meal. a,b,c differences of within-row parameter estimates (P<0.05). 

• Comparison of numerical values for k in Table 4 indicated that: 

• The fractional rate of secretion of 15N in milk was the lowest rate of 15N metabolism in this study (avg. 
0.0268 h-1) and it was 42% lower than the fractional rate of excretion of 15N in urine (avg. 0.0382 h-1).

• Faecal-15N k / Urine-15N k was 1.04. 1.64, 1.00 and 0.86 for AS, CS, CG, and SBM. The high value for CS was 
associated with a high Faecal-15N k compared to other feeds.

• Comparison of numerical values for L1 in Table 4 indicated that: 

• The delay in appearance of 15N for milk (avg. 7.4 h) was the least influenced by source of feed ingredient 
compared to the delay in appearance of 15N in urine and faeces.

• For all feed ingredients, the delay in appearance of 15N was the lowest for urine compared to milk and 
faeces.

• For silages the delay in appearance of 15N was lower from milk (avg. 7.4 h) than for faeces (avg. 13 h) but 
for the concentrates the difference was minimal (avg. of 7.5 and 6.4 for milk and faeces, respectively).


