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Dave Smithgall

Dairy producer
Western New York

“Your nutritionist is only as good as
your forage”

Dr. L. Chase



High Forage Diets: Cows Can Do It

e Two case studies in New York

— Herd 1 — entire herd
e 73-75% forage (includes corn silage)
* 80-85 Ib/d milk (2x), 3.7% fat, 2.9% protein
* NE;=0.76 Mcal/Ib

— Herd 2: high pen
» 82% forage (includes corn silage)
e 100 Ib/d milk (3x), 3.6% fat, 3.0% protein
« NE,=0.77 Mcal/Ib

(Chase, 2012)



NDF analyses

e Nutrition models/software have an input for NDF
that is used primarily to calculate energy from
available carbohydrates and effective fiber

e Mertens (2002) published the NDF method and
gained AOAC approval —there are many
approaches to measure NDF

e We would like to encourage the use of aNDFom —
NDF with sulfite and ash correction — we are
working to move labs in that direction



Why aNDFom?

Hay in a hurry — wide swathing picks up dirt

600 hp choppers and big equipment that
move fast make dust and dirt fly

Flood irrigation moves soil

Dirt/soil does not solubilize in NDF solution,
thus if not corrected will inflate the NDF
number









27 FIELD 316 SORGHUM X SUDAN

FIBER

ADF

aNDF

aNDFom

NDR (NDF w/o sulfite)
peNDF

Crude Fiber

Lignin

NDF Digestibility (12 hr)
NDF Digestibility (24 hr)
NDF Digestibility (30 hr)
NDF Digestibility (48 hr)
NDF Digestibility (240 hr)
uNDF (30 hr)

uNDF (240 hr)

0% NDF % DM
56.5 34.0
% 6[].2
% 55 4
~ 5 units

4.95 2.98
60.2 36.3
74.9 45.1
39.8 24.0
25.1 15.1



26 FIELD 308 TEST 2 SORGHUM X SUDAN

FIBER

ADF

aNDF

aNDFom

NDR (NDF w/o sulfite)
peNDF

Crude Fiber

Lignin

NDF Digestibility (12 hr)
NDF Digestibility (24 hr)
NDF Digestibility (30 hr)
NDF Digestibility (48 hr)
NDF Digestibility (240 hr)
uNDF (30 hr)

uNDF (240 hr)

% NDF % DM
57.6 36.8
— 53,9
% 53.?
10 units
4.86 3.11
49.3 31.5
/7.0 49,2
50.7 32.4
23.0 14.7
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Corn silage NDF and Ash distributions
from CVAS and Dairy One data bases
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How do we currently characterize NDF
indigestibility? (iNDF)

Models like the CNCPS use (2.4 x lignin)/NDF
Dairy NRC (2001) based on Weiss et al., 1992

use (lignin/NDF)°-6/

Van Soest and Lane Moore, 1963
USDA, Beltsville, MD right after
Pete characterized NDF




Nomenclature slide - INDF vs uNDF
Literature uses the term iNDF for indigestible NDF

We have an “Informal Fiber Working Group” that

meets at least once per year around the Cornell Nutrition
Conf. (Cornell, Miner Institute, Univ. of Bologna, Nutreco,
ADM, Univ. of Parma, most commercial labs, Charlie Sniffen,

Dave Mertens)
Mertens proposed a change in name from iNDF to uNDF —

the NDF we call INDF can digest, just not under
anaerobic conditions, so to say indigestible is a
misrepresentation — so we now use uNDF — undigested
NDF



NDF Digestibility/Indigestibility

 Nousiainen et al. (2003; 2004)
demonstrated in grasses that the relationship between

lignin and digestibility was highly variable

 This was confirmed by Rinne et al. 2006 on legumes
— methods used to determine this included 288 hr

in situ (in a bag in the rumen) fermentations

e We were/are doing similar work at Cornell
- Working to develop a procedure that
could be used in a commercial lab
Ph.D. work of Raffrenato (2011)
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Cor

n Silage NDF Digestibility by NDF and

Lignin Content

NDF,

%DM

42.3
42.6
42.6
42.6
42.3

42.3

Lignin,

%DM
3.01
3.32
3.24
3.24
3.18
3.00




Corn Silage NDF Digestibility by NDF and
Lignin Content

NDF, Lignin, NDFD% Est. NDF
%DM %DM (30hr) kd, %h

42.3
42.6
42.6
42.6

3.01
3.7
3.24
3.24
3.18
3.00

42.2
44.1
44.6
20.8
96.7
57.0

2.63
2.90
2.92
3.60
4.36
4.30




NDF Digestibility by NDF and Lignin Content

NDF, Lignin,
%DM %DM

45.0 3.52
45.0 3.26
45.0 3.32
45.1 3.18
45.0 3.43




NDF Digestibility by NDF and Lignin Content

NDFD% Est. NDF
(30hr)  kd, %h

NDF, Lignin,
%DM %DM

45.0
45.0
45.0
45.1
45.0

3.52
3.26
3.32
3.18
3.43

46.0
48.4
54.4
55.0
67.3

3.09
3.27
4.01
4.02
6.42




“Lignification” = cross linking between
lignin and hemicellulose

e Light, heat and water interact at various
stages of development

e For example, water stress causes greater
cross-linking between lignin and
hemicellulose

e Similar to the effect of building a very tall
building



Factors Affecting Plant Development and Digestibility

Sunshine T Sugar ? Carbohydrate
Day length ' ‘
Earing
Water Plant
development

\T NDF —i Intake

f Lignification

Temperature .

(degree days) —> | Digestibility
of NDF

Fertilizer T Protein Net

NPK energy +

From Van Soest, 1996



N

W: ofd nﬂr.w i
© Cc UV o B
m (v} = o g
— " = g
= Q o . - < S £
Q0 wn = O G = E 3
cE ® m“ = > 5 5
L — = E 3 £
zed o2 |y § | & =
ew 1_b\ll =
2 > 59 |E S
< 0o > T »n v = )
o4 — C Vo = W
cE® Y c w3
cd 52T
.m"Ot M.mp
W g e \_ -/
D03 »n £
o

e

Sl W W .'H.I..'.-

o= \A XXX
" AN O

™ " " Vs
A — .1. s

g 4l 33 34 3

https://diagram+of+tall+building+structures



Lignin — Phenolic Acid — Hemicellulose
Linkage

Ara bmoxyhn

e Ester & eth L

linkages to

hemicellulose Ether Lmkage HL ﬂ_z

e Steric hindrance

 Phenolic-CHO
complexes may be
toxic

Ester Linkage

Ferulic Acid

Lignin OCH;

(Grabber, 2005)



Ratio of lignin to uNDF

Conventional C.S. 30 42.7 72.4 316.8 4.72 (1.73-7.59)

Grasses 15 47.2 62.1 222.8 3.63(2.51-4.73)

Immature grasses 13  44.1 59.3 232.2 4.16 (2.59-7.40)

Raffrenato 2011



Calculated ratio

Relationships for corn silages

10.00

8.00

6.00

4.00

2.00

0.00

y = 31.81x°1:037 X Conv. CS
2 _
R®=0.7695 Unknown CS
BMR CS
y = 40.843x1.0%3
_ R? =0.9645
- y = 12.958x7081
R? =0.7065
0.00 5.00 10.00 15.00 20.00

ADL/NDF, %



NDF Digestibility/Indigestibility

Weisbjerg et al. (2010) measured iNDF in legumes
and grasses
- 288 hin situ,

- 12 um porosity bags
Grasses range between 1.27-4.57 for ADL and iNDF

Legumes ranged between of 1.22-3.59 for ADL and
INDF respectively,



Corn silage example for uNDF 240 vs
lignin*2.4 — 2013 corn silages

I T T T T

NDF, %DM 45.4 44.5 40.3 50.2
aNDFom, %DM 44.4 43.8 38.8 49.3
Lignin, %DM 3.40 3.43 2.87 4.26
Lignin*2.4/NDF 18.4 18.7 17.9 20.7

UNDF, %NDF 11.8 10.7 10.9 14.2



27 FIELD 316 SORGHUM X SUDAN

FIBER % NDF % DM
ADF 56.5 34.0
aNDF ey 60.2
aNDFom — 55.4
NDR (NDF w/o sulfite) .
peNDF ~ 5 units
Crude Fiber

Lignin 4,95 2.98

Lignin*2.4 relationship = 12.9% of NDF undigestible
60.2 36.3

45.1
uNDF (30 hr) 24.0

uNDF (240 hr) 25.1 15.1




Opportunity with uNDF
 Improve predictions of energy from forages —
more biologically appropriate measurement

e Eliminate the need for ADF and lignin
measurements

—Only do ADF to get to lignin

—Only use lignin to calculate relationships to
NDF (either CNCPS approach or Weiss et al
1992)

* Helps improve predictions of intake and
rumen function — microbial production, etc




Citrus Pulp

aNDFom: 22%
Lignin: 2.35%

uNDF: 1.7% (240 h NDF digestibility)
Calculated uNDF using 2.4: 24%

Traditional NDF kd: 9%/hr

Dynamic single pool aNDFom kd: 6%/hr

Dynamic aNDFom multiple pool kd:

—P 1 (fast pool): 93%
—P 2(slow pool) 5.3%

Kd 1: 7%/hr
Kd 2: 5%/hr



Corn Gluten Feed
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% NDF remaining
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Beet Pulp
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NDF pool

and rate

Beet
pulp

uNDF, % 19
NDF

2.4%lignin 25.2
NDF

P1, % NDF 71
P2, %NDF 9
K1, %/h 12
K2, %/h 1

26

64

65

Whole
cotton
seed

46

57.2

34

20

29

14.3

47

23

16

Soyhulls

11

77

17



Composition of diets used in uNDF study at Miner
Institute.

Diet

Ingredient % of ration DM LF-LD (Low  HF-LD (High LF-HD (Low HF-HD (High

CS) CS) BMR) BMR)
Conventional corn silage 39.2 54.9 --- -—-
Brown midrib corn silage - - 36.1 50.2
Hay crop silage 13.4 13.4 13.3 13.3
Corn meal 17.3 1.6 20.4 6.3
Grain mix 30.1 30.1 30.2 30.2
Chemical composition
Crude protein, % of DM 17.0 17.0 16.7 16.7
NDF,% of DM 32.1 35.6 31.5 35.1
Starch, % of DM 28.0 21.2 27.8 23.8
24-h NDF digestibility, % 56.3 54.0 62.0 60.3

peNDF, % of DM 17.3 23.1 18.5 21.5



NDF and uNDF composition of forages and diets fed in

Miner study.

ltem

aNDFom, % of DM

NDFD,, ., % of NDF
uUNDF, ., % of NDF
uNDF, ., % of DM

BMR
CS
34.8
62.1
21.9
7.6

Conv HCS LF- HF-LD LF-HD HF-

CS
36.1
48.6
30.5
11.0

LD HD
46.2 30.8 33.7 30.7 335
57.7
30.3 26.7 285 225 226
140 8.2 9.6 6.9 7.6



Intake of NDF and uNDF and rumen fill for Miner study.

Item LF-LD HF-LD LF-HD  HF-HD
NDF,,, intake

kg/d 8.87 8.95 8.48 9.88

% of BW 1.32 1.33 1.27 1.47
Rumen NDF_

kg 8.50 8.58 7.82 8.48

% of BW 1.27 1.28 1.17 1.27
uNDF,,,,, intake

kg/d 2.39 2.63 2.03 2.21

% of BW 0.36 0.39 0.30 0.33
Rumen uNDF, 4.,

Kg 3.82 4.16 3.20 3.46

% of BW 0.57 0.62 0.48 0.52
Fecal uNDF, kg/d 2.41 2.64 2.04 2.24

Ratio rumen/intake uNDF 1.60 1.58 1.58 1.57



Calculation of rates and pool sizes using in-
vitro 30, 120 and 240 hr NDFD data

<Time>

<iNDF 2r> & /
Fast Pool Decay
Rate 2r
Fast Pool 2 9]
Stockir \_/”b\>
Initial slow pool Total pdNDF Lag 2r Residual NDF
stock 2r 2"7 / 2r
Initial total/ Slow Pool 2 >
NDF 2r Stock 2r Slow Pool Decay
Rate 2r
V\_/
<Time>
INDF 2r

Parameters in orange are

the those to be optimized Raffrenato et al. 2011



NDF residue

Corn silage: 2 time-points + 240 hours

I P1
P2
1000 4 mmeeeemmm———) | NDF
*
500 Use 240 hr in vitro instead of a fixed
s0 ¢ relationship to estimate undigested NDF in the

rumen

\ g
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* o 0 o
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NDF residue

Corn silage example: NDF y..iipility

1.000 X
0.800
0.600
#-P1+P2+iNDF
0.400
0.200
—-
0.000
0 50 100 150 200

time, hrs

250



Corn silage example: fast pool

1.000

0.800

NDF residue
=
(@))
o
o

Larger fast pool appears to result in:
Faster eating

Faster ruminal disappearance
Higher intakes

01 More ruminal bouyancy

k,=11%
P1 = 72% NDF

50 100 150 200 250
time, hrs



Corn silage example: slow pool

1.000

NDF residue

Larger Slow and uNDF pools:
More “ballast”
Greater chewing and rumination
-+-P2 Lower intake
K, =2%, Slower eating speed

P2 =18.1% NDF

“\N\‘\F++

0] 50 100 150 200 250
time, hrs




NDF residue

Corn silage example: INDF

< UNDF
Kunor=0%,
UNDF =9.9% NDF
For comparison
2.4*%3% lignin/42% NDF = 17% unavailable NDF
IONOEIONEE—I¢ % % % % % ¥
0) 50 100 150 200 250

time, hrs



Corn silage example: P1+P2+iNDF

1.000

NDF residue

P1
-0-P2
-iNDF
k=5%
4:-P1+P2+iNDF

0 50 100 150 200 250
time, hrs



Conclusions and implications

e The use of 240 hr NDFD better describes the undigestibility
of the forage for use in cattle

* A better description of NDF undigestibility can be
implemented by commercial laboratories — especially for
undigested NDF — will have to build new NIR calibrations

 Working to develop a larger data set to explain the
variation in NDF pool sizes and rates for all NDF containing
feeds

— Within forage group information is linked to agronomic
and environmental conditions but not well described



Opportunity with uNDF
 Improve predictions of energy from forages —
more biologically appropriate measurement

e Eliminate the need for ADF and lignin
measurements

—Only do ADF to get to lignin

—Only use lignin to calculate relationships to
NDF (either CNCPS approach or Weiss et al
1992)

* Helps improve predictions of intake and
rumen function — microbial production, etc
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