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Supplemental Text and Example S1. 

Towards Use of the Proposed System 

For ease of understanding, a numerical example of how to deploy this system can be 

enumerated. First, a user must define the diet, animal, and forage characteristics. In this example, 

the lactating cow is 600 kg and the target pH is 6.1; we assume a ration with 20 % ADF, 30% 

NDF, 16% CP, and 25% starch. The diet contains 50% forage, 18% forage NDF (fNDF), 40% 

wet forage and no whole cottonseed. Readers are referred to White et al. (2017) for the full 

model and distributions of these variables. The example ration has 12% of DM material retained 

on the 19-mm sieve. The second step is to define the possible percentages of DM material 

retained on the 8-mm sieve, which could range from 0 to 88% (100% minus the 12% retained on 

the 19-mm sieve); to account for realistic values including the pan (< 8-mm), we will define a 

range of interest from 10 to 60 % of DM. The third step is to calculate the mean particle size 

(MPS) of the ration at the first possible value for the percentage of DM material retained on the 

8-mm sieve assuming: 
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where NINV is the product of an inverse normal distribution with mean 0 and standard deviation 

1, and the terms 8mm and 19mm represent the percentage of DM material on the 8- and 19-mm 

sieves, respectively. In our example, the slope is -1.07, the intercept is 0.451, and the MPS is 2.6 

mm when there is 10 % of DM material retained on the 8-mm sieve. The fourth step is to 
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calculate DMI using the equations included in Table 3 of White et al. (2017). Using the detailed 

outlined above, the DMI for equation A and E, respectively, are 28.9 and 24.5 kg when the 

percentage of material on the 8-mm sieve is 10 %. The fifth step is to calculate rumen-degraded 

NDF and rumen-degraded starch using the equations outlined in White et al. (2016).  These 

equations predict a rumen NDF digestibility of 48.6% and a rumen starch digestibility of 58.7% 

using DMI equation A and 41.9% and 65.1% using DMI equation E.  The sixth step is to 

calculate rumination time based on the equation in Table 3 from White et al. (2017) for each 

DMI equation using the DMI equation specific rumen NDF and starch digestibility values 

predicted in step 5. In this case, the predicted rumination time was 381 min/d as determined from 

DMI equation A and the associated predicted rumen NDF and starch digestibilities. The 

rumination time predicted from DMI equation E and its corresponding predicted rumen NDF and 

starch digestibilities was 424 min/d. Step 6 is to predict pH using equations B and D from Table 

3 (White et al. 2017) for each rumination time equation. The result of this step is 4 pH 

predictions, enumerated in Table S.1. Step 7 is to use equations 1 through 5 (White et al. 2017) 

and the parameter values reported in Table 4 to predict a mixture-of-experts-adjusted pH. The 

resultant pH predictions are included in Table S.1. The eighth step is to repeat steps 3 through 7 

for all possible percentages of material on the 8-mm sieve. Although a smaller resolution (1% or 

0.1%) will enhance computation, the interval for selection of possible percentages of material on 

the 8-mm sieve can vary based on user preference. A 0.1 unit resolution graph of this prediction 

is provided in Figure S.1. Step 9 is to identify the percentage of DM material on the 8-mm sieve 

for which pH is greater than the target. In this example, at least 29.5 % of the total diet’s DM 

needs to be retained on the 8-mm sieve.   
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Supplemental Table S1. Stepwise predictions of rumen pH according to ideal models from the 
‘mixture of experts’ (MEx) integration. 

pH Predictions   
DMI Model1 pH model Value 
A B 5.98 
A D 6.16 
E B 6.02 
E D 6.25 
Mixture of Experts Predictions2   
Starch Expert (Equation Number 1)  6.15 
NDF Expert (Equation Number 2)  6.11 
ADF/NDF Expert (Equation Number 3)  6.17 
Forage NDF Expert (Equation Number 4)  6.01 
Average pH (Equation Number5)  6.07 
1Full models described in Table 3 of White et al. (2017).  
2Equations 1 through 5 described in White et al. (2017) and parameters listed in Table 4 of 
White et al. (2017).  
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Supplemental Figure S1. An example of the model ensemble predicted influence of increasing 
the proportion of TMR retained on the 8-mm sieve of the Penn State Particle Separator on rumen 
pH. 
 


