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� Address the issues of NDF with and without 
NaS04. 

Which method is recommended in the models 
and how much does the method influence the 
final output?

� What is the preferred method for determining 
(ND-ICP and AD-ICP) for prediction of the 
protein pools in the models

� ����
���0 ���������

� Lignin as % of NDF and NDFD 24, 30 
and 48hrs are options for calculating kd. 

� What is the “standard error” of Lignin, 
NDFD 24, NDFD 30 and NDFD 48?

� How much does the “Standard error” 
influence the final kd calculation?
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y = 1.0206x + 1.4341
R2 = 0.9876
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Degradation with First Pool Lag 



9

Mathematical Approach - Assumptions

1. Only for NDF

2.  Assume exponential decay function 

3. Consistent with mean rumen retention times
of 30 to 48 hr

4. Consistent with the current framework
of the CPM/CNCPS approach – first order,
single pool

Approach used a ln conversion of 
available substrate against time
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Time Point Fermentation Data and Calculations from 
Corn Silages based on 6 to 36 hr Fermentations

6.594.120.1820.26030

6.344.050.1320.21536

7.024.230.2500.32224

7.874.430.5510.59412

6.91(4.21)0.8840.8956

kd, %/hLag, hUnitized 
Substrate (A)

Substrate
Residue (S)

Time, h

Means:  4.21 6.95

Comparison of the overall mean kd with 24 hour 
single point calculation. Values are in percent per 
hour.   
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 y = 0.9179x + 0.2975, R2 = 0.975

Data from Mertens’ thesis and current work.
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1.201.741.971.721.88Wheat 
straw

3.453.263.193.313.22Orchard 
grass

2.876.596.896.286.28Timothy ’93

1.872.272.522.822.96Timothy ’68

1.648.199.437.197.70Alfalfa ‘93

2.745.025.275.515.48Alfalfa ‘98

Lag,h6 to 36 h, 
variable

12 & 24 
h, fixed

6 & 24 h, 
variable

24 h, 
fixed 

Forage

Rates of Fermentation (kd, %h) based on Various
Time Points, Fixed or Variable Lag and Lag

3.826.055.786.456.156

3.224.294.264.674.575 (BMR)

3.235.025.124.874.814

3.877.256.936.856.593 (BMR)

3.775.675.475.405.232

4.217.106.627.026.611 (BMR)

Lag,h6 to 36 h, 
variable

12 & 24 
h, fixed

6 & 24 h, 
variable

24 h, 
fixed 

Corn Silage

Rates of Fermentation (kd, %h) based on Various
Time Points, Fixed or Variable Lag and Lag
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The ln of NDF residue plotted by time of 
digestion – corn silage example

-2.5

-2

-1.5

-1

-0.5

0
0 20 40 60 80 100 120

hours

ln
 N

D
F

 r
es

id
u

e

0

1

2

3

4

5

0 50 100 150 200 250

Time, hr

Ln
 R

es
id

ue

S

P1 = 72.3% P2 = 18.6%

U = 9.12%

k1 = 9.9%/h k2 = 1.18%

Partition of Corn Silage NDF into Pools and Rates

Pool 1 is exhausted by 48 hr and produces 
an inflection point



14

NDF Digestibility by NDF and Lignin Content

53.0
47.3
46.6
39.9
39.5
39.5
34.6

NDFd
(30hr)

2.533.0137.2

3.682.4336.8
3.102.5937.6
3.313.3037.4

2.412.6937.1
2.422.6937.0
2.213.5036.5

Est. NDF 
Kd, %hr

Lignin,
%DM

NDF,
%DM

NDF Digestibility by NDF and Lignin Content

57.0
56.7
50.8
44.6
44.1
42.2
35.2

NDFd
(30hr)

4.30
4.36
3.60
2.92
2.90
2.63
2.52

Est. NDF 
Kd, %h

3.2442.6

3.0042.3
3.1842.3
3.2442.6

3.3242.6
3.0142.3
5.0442.1

Lignin,
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NDF Digestibility by NDF and Lignin Content

67.3
55.0
54.4
48.4
46.0

NDFd
(30hr)

3.43
3.18
3.32
3.26
3.52

Lignin,
%DM

6.42
4.02
4.01
3.27
3.09

Est. NDF 
Kd, %h

45.1
45.0

45.0
45.0
45.0

NDF,
%DM

NDF Digestibility by NDF and Lignin Content

60.6
60.5
37.8
37.6
24.7

NDFd
(30hr)

3.57
3.68
5.62
4.13
5.23

Lignin,
%DM

4.8950.6
4.8350.8

2.6850.7
2.3450.1
1.4651.8

Est. NDF 
Kd, %/h

NDF,
%DM
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Our Initial Lab Recommendations

1.  Laboratories adopting this approach should
conduct short term fermentations (6 and 12 hr)
to determine the lag specific to the system

2. Further, to determine the repeatability of the
fermentation system at least two data points 
(24 – 30 hr) should be  measured and rates 
calculated – looking for uniformity.

3. Sodium sulfite should be used for time 
zero NDF  (aNDF)
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Our Initial Lab Recommendations

4. aNDF should not be used in on early 
fermentation times (up to 24 hr) – loss of
protein and lignin appears to over-estimate 
NDF digestion – especially for high quality
alfalfas and immature grasses.

5.  There must be a set of standards or 
reference samples among fermentations  
and laboratories should be considered.

6. Everything else that Mertens’ says to do. 
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