


ﬁ Hot Topics Iin Forage Analysis

. “Big Picture”

Fundamental nutritional reason for forage
analyses

. What are nutritionists focusing on?
NDF, peNDF, NDFD
Starch, starchD

Relationship between NDFD, fragility,
chewing response, and performance

. What on-farm issues are driving this
Interest?

High grain cost — higher forage diets



Basic challenge of forage
ﬁ analysis ...

“The problem facing the
analyst today iIs one
of finding low-cost
and rapid methods
that will predict
results of increasingly
more complicated
feeding programs.”

... Peter Van Soest, 1964



Fundamental importance of
forage analysis — Van Soest

Forage Sample
i ND extraction

/ -
cellulose (CP, Fat, NFC)
hemicellulose
lignin _ ¥4wo feed fractions:
l AD extraction YNDS: ~100% digestible

YNDF: variable, but predictable

(lignin, cellulose) ¥L./ADF or L/NDF
| H,S0,

YSummed together=
digestible dry matter




Summative approach for
predicting forage digestibility

Y¥example: alfalfa hay with 409 NDF, 30% ADF, 5.9%0 lignin

Fraction % of DM Digest. coeff, Digested amount
NDS 60 58.8
NDF 40 y=45.2* 18.0
*y=147.3-78.9(log x); x=(L/ADF)x100 True dig.=76.8

Metabolic fraction=-12.9(-7)
Apparent digestibility=63.9

YDigestion coefficient for NDF can be estimated by several equations or
by in vitro or in situ digestion



Measuring Fiber Digestibility to
ﬁ Improve Ration Formulation

“in vitro” ¥4 round sample
e - YRumen fluid
Artificial ¥Buffer (artificial saliva)
Rumen 36 of NDF digested after 24
to 48 h of fermentation

“In situ”



ﬁ NDF Digestibility and Milk

(Oba and Allen, 2000)

. For every 1 percentage-unit
Increase In forage NDF
digestibility:

0.40 |Ib DMI
0.51 Ib milk
. Assumes a linear relationship

between NDF digestibility and cow
response



Application of NDF
ﬁ Digestibility Values

. Benchmarking crop quality by cutting
and year

. Allocation decisions for groups of cows

. Hybrid selection
. Ration formulation — rate of NDF
digestion

. Assigning an accurate energy value to
forage and accurately predicting cow
response



Considerations when using
ﬁ NDFD analyses

. Test tube « Rumen, but ...

. IVNDFD Is good index for grasses
and legumes, not so good for TMR

- Lab-to-lab variation: stick with one
lab

- More focus on relative differences
versus absolute values for IVNDFD



Which fermentation time Is best?
How do fermentation times relate to
eaCh Other’? Allen, 2005 unpublished

Alfalfa Corn silage Orchardgrass

70[

In Vitro NDF Digestibility

0

0 8 16 24 32 40 48 0 8 16 24 32 40 48 0 8 16 24 32 40 48
Time, h Time, h Time, h
For many forages, digestion curves are —parallel from 24 to 48 h

* S0, you could use several time points for benchmarking
*Pick one and be consistent!



ﬁ Lignin and NDF Digestion

. Lignin & NDFd
related across
maturities

Not as well related
within
maturities/cuttings
. Lignin & NDFd not
as well related for
corn silage

(Jung, 1996)



Measured NDFD or
Estimation from Lignin?

NDF, %0 Lignin, 26
45.0 3.52
45.0 3.26
45.0 3.32
45.1 3.18
45.0 3.43

YLorn silage data set from Van Amburgh (2005)
¥Similar relationships from 36.5 to 51.8% NDF




INncreased Use of Starch
ﬁ Analyses...

~In vitro fermentation
No std method or time
7-h currently in vogue

~In srtu fermentation
No std method or time

. Enzymatic: degree of starch access

. Measure zein protein that limits starch
digestibility (Larson and Hoffman, 2008)




. .

% Starch Degradation

Starch Digestion of Processed Corn
(Sniffen et al., 2001)

S 88 38 83 88

——125whole
126 crimped
127 flaked

——128 CM#6

—- 129 CM#8

—— 167 KSUCM

—— 168 BExp Low

— 169 Bxp High




Important factors determining
ﬁ starch availability (Hoffman, 2009)

Factor Correlation with
starch availability
Particle size -0.70
Moisture -0.53
Endosperm type -0.46

¥Forage analysis needs to capture this

variability




Assessing Physical Form of
ﬁ corn Sllage (Mertens, 2008)

. Corn Silage
Processing Score

. CSPS = 96 starch
passing through
4./5-mm screen

>60-70%0 = optimal
processing

50-60%06 = average
<50%b = Inadequate
(too coarse)




(Vita Plus, 2011, unpublished)

ﬁ CSPS, Fecal Starch, Milk Yield

. CSPS =>60% — 3.8%0 fecal starch
. CSPS <60% —5.3%0 fecal starch
. CSPS <50% —— 7.1%0 fecal starch



Fecal starch and digestibility

¥4.5%0 fecal starch — 90%0 starch digestibility
¥4 %0-unit decrease In fecal starch — 1 pound more milk

(Ferguson, 2006)



Silage storage time and
ﬁ rumen starch digestibility
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ﬁ pef and peNDF: quick review

. pef = physical

gffectlveness factor
%0 of sample retained
on the 1.18-mm screen

or higher when dry
sieved

. peNDF = physically

effective NDF
peNDF = pef x NDF%bo

. Based entirely on
particle size



Dry sieving peNDF, ;5 and
ﬁ FCM/DMI (Grant, 2008, unpublished)

=
0o

=
&
|

=
N
|

O
©

FCM/DMI (kg/kg)

O
o

15 20 25 30 35
peNDF1.18 (26 of DM)

[N
o

¥42 studies using vertical dry sieving (standard procedure)

40



i

Recurring guestion: can we
Improve on peNDF system?
¥1s there any value In doing so?

Does all NDF at the same
particle size elicit the

the same chewing response”?



Chewing and NDF source
(Mertens, 1997)

NDF Total Chewing Activity
Feed % of DM (min/kg of DM) (min/kg of NDF)
Alfalfa 49 61 125
Dried grass 51 63 123
Ryegrass 65 90 139
Grass 65 103 158
Ryegrass 68 104 152
Grass 65 107 165
Oat straw 78 163 209
Oat straw 79 143 181

Oat straw 84 164 195




Why differences In
ﬁ chewing response?

. Forage Fragility Concept

Forage fibers differ in tensile
strength, or toughness, and
resistance to physical breakdown
during chewing
Particles differ in

. Diameter

. Lignin & lignin linkages

. Moisture

. Digestibility



ﬁ Forage Fragility

. How to measure forage fragility In
the lab?

Artificial mastication (Troelson and
Bigsby, 1964)

Comminution energy reguired to
grind

Shear-force energy required to cut
Ball mill: particle size reduction index



Ball mill method for
ﬁ measuring forage fragility

. Equipment

Ball mill

Jars: 5.5-L

Ceramic cylinders
(balls): 2.6-L
Milling time: 15
min at 80 rpm
Ro-Tap: dry
vertical sieving

apparatus
(1.18-mm sieve)



Measuring “fragility” by ball milling
ﬁ forages (Cotanch et al., 2007)

¥Ball mill with ceramic balls mimics chewing action
(Jim Welch, unpublished data)




ﬁ Measurement of fragility
. Fragility determined as @pef
(pef. — pefzyi5)/pef; x 10020

. Ranges from O (very tough) to 100
(very fragile)



pef values of original and ball milled
sample with 26 decrease In pef value

(fragility)

Original 30-min

NDFD.,, pef BM %
Forage pef change

Grass silage 15t cut 55.8 60.1 39.3 -34.5
Corn silage 1 42.8 92.0 67.0 -27.2
Corn silage 2 35.4 88.9 67.5 -24.1
Grass Hay 15t cut 29.6 84.1 63.1 -25.0
Wheat Straw 21.5 99.7 84.8 -14.9
Alfalfa Hay Stems 28.1 95.0 71.6 -24.6

(Cotanch et al., 2007)



Forage fragility as measured by 26
ﬁ change in pef plotted by NDFd,,,
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(Cotanch et al., 2007)



26 Change in pef

NDFd,,, fragility, and chewing
ﬁ response for grass hays

"Fragility’”

90
80
70
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40
30
20

30-60 min/d TCT /\‘
)\/ 55% NDFD

/ 819 Fragility

/ 0. 15 pef
31% NDFD
4696 Fragitity
0.13 pef
30 40 50 60
NDFD54

(Cotanch et al., 2008)



Fragility of BMR versus
Conventional Corn Silage

. Usually ~10%b-units greater in NDF
digestibility

. BMR has 6 to 3190 greater fragility
than conventional silages with ball
milling technique




Fragility of BMR versus

conventional corn silage

(Cotanch et al., 2011)

Conventional BMR

Conventional corn silage 43.3 ——-
BMR corn silage ——- 43.3
Haycrop silage 15.0 15.0
Crude protein, % of DM 17.0 17.4
peNDF, % of DM 19.2 19.5
Digested starch, %6 of DM 25.0 22.8
DMI, % of BW 3.42 3.75*
SCM, kg/d 37.7 39.7*
SCM/DMI, kg/kg 1.49 1.42*
TCT, min/kg NDFI 100 83*
Average pH 6.08 5.95*




Rumen pH for cows fed bmr or
ﬁ conventional corn silages in TMR

YParticle size does not tell entire story!



Some practical
feeding
management
considerations . ..



Aqgri-Chopper
Uses knives to chop hay
Havbuster
Uses hammer mill with
screen




Type of forage chopper can
make a difference

Agri-Chopper Haybuster
Measure Grass | Wheat | Grass | Wheat

hay | straw | hay | straw
pef 0.72 0.80 | 0.72 | 0.84
24-h NDFD, %6 21.3 19.3 | 31.8 | 25.0
Fragility 19 18 27 23
Chewing 740 750 700 710
response, min/d

¥Don’t assess choppers entirely on particle size




ﬁ pef adjustment factor: grass

24-h NDFD Fragility Adjustment
factor
30 50 0
40 60 -6
50 70 -10
60 80 -19




i

pef adjustment factor: corn

silage
24-h NDFD Fragility Adjustment
factor
30 65 0
40 75 -7
50 85 -13
60 95 -20




Implications for Ration
ﬁ Formulation

. High NDFD, high fragility forages
stimulate less chewing per unit of
NDF at similar particle size

. Need to
Feed more total forage

Formulate for higher peNDF
. Use pef adjustment factor

Supplement with lower NDFD, lower
fragility forage



ﬁ Conclusions: Forage Analysis

. Fundamental purpose of forage
analysis Is accurate assessment of

energy value of forage

. Hot topics
NDF digestibility
Starch digestibility

Move toward higher forage diets
. (bmr) corn silage



ﬁ Conclusions: Physical Form

. NDFD and fragility are related

. We can use this relationship to improve
prediction of chewing response when
forage NDF sources of similar size differ
IN chewing response elicited

. Assessment of forage physical
properties shouldn’t stop with a simple
particle size measurement to optimize

chewing and productive responses of
dairy cattle



ﬁThank yOu...



