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Coping with high feed prices

_ Forage NDF Content

_
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Variation in Silage CP%

NRC-2001

Forage n AvQ. SD
Legume Silage 8576 20.0 3.0
Grass Silage 4401 12.8 3.7
Wheatlage 471 12.0 3.0
Corn Silage 1033 8.8 1.2

32-38% DM
Sorghum Silage 1168 9.1 2.6




Variation in Silage NDF%

NRC-2001

Forage n AvQ. SD
Legume Silage 8567 45.7 6.5
Grass Silage 4390 60.7 7.5
Wheatlage 471 59.9 7.4
Corn Silage 1033 45.0 5.3

32-38% DM
Sorghum Silage 864 60.7 8.2




Average Composition of Hays

NRC-2001
Forage CP% NDF%
Legume Hay 20.2 39.6
Grass Hay 10.6 64.4
Coastal Hay 10.4 73.3
Oat Hay 9.1 58.0
Sudan Hay 9.4 64.8




CP & NDF Contents of Grass-Legume

Silages (Predominantly Legume)

Dairy NRC, 2001

DM Basis 1 Std Dev Average 1 Std Dev
CP
Early Cut 18% 20% 22%
Late Cut 16% 18% 20%
NDF
Early Cut|  40% 42% 44%
Late Cut 51% 54% 57%




CP & NDF Contents of Grass-Legume

Silages (Predominantly Grass)

Dairy NRC, 2001

DM Basis 1 Std Dev Average 1 Std Dev
CP
Early Cut 16% 18% 20%
Late Cut 13% 15% 17%
NDF
Early Cut|  49% 50% 51%
Late Cut)  5goy 62% 66%




Lignin Content of Grass-Legume Silages

Dairy NRC, 2001

DM Basis Average
Predominantly Grass
Early Cut 5 0%
Late Cut 6.5%
Predominantly Legume
Early Cut 6.7%
Late Cut

8.4%




NRC (2001) Dairy TDN

TDN 1-X =
tdCP + (tdFA x 2.25) + tdNDF + tdNFC -7



TDN Content of Grass-Legume Silages

Dairy NRC, 2001

DM Basis Average
Predominantly Grass
Early Cut 61%
Late Cut 540/
Predominantly Legume
Early Cut 579
Late Cut

52%




U TDNI more related to DMI than TDN%
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= DMI re_l_ated to diges'rion rate




Digestion Rate for Alfalfa or Grasses
Hoffman & co-workers, JDS, 1993

DM Basis DMD Rate | NDED Rate
Alfalfa, late bud 16%/h 9%/h
Bromegrass, boot 5%/h 5%/h
Orchardgrass, boot 8%/h 7%/h
Perennial Ryegrass, boot 9%/h 7%/h
Timothy, boot 5%/h 3%/h




Average Silage TDN,,% & NFC%
NRC-2001

Forage TDN% NFC%
Legume Silage 56.6 23.7
Grass Silage 55.7 18.6
Wheatlage 57.2 17.8
Corn Silage 68.8 40.0
32-38% DM
Sorghum Silage 56.7 22.2




Average Composition of Corn Silage

NRC-2001
Corn Silage CP% | NDF% | TDN% | NEC%
<25% DM| 9.7 54.1 65.6 30.3
32-38% DM | 8.8 45.0 68.8 40.0
>40% DM| 8.5 44.5 65.4 41.1







Percentage deviation across bunker face on
nine New York dairies (Stone & co-workers, 2003)

< % Deviation DM CP NDF

:] Haylage (9)
a3 Avg. 21 18 15
. Min 5 3 5
S Max| 45 52 25
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DM Content of Mixed Hay-Crop Silages

1 Std Dev | Average | 1 Std Dev
Dairyland
2002-2007 34% 447 547
n=16k/yr.
Dairy One
2002-2007 297 39% 49%
n=10k/yr.




CP Content of Mixed Hay-Crop Silages

DM basis | 1Std Dev | Average | 1 Std Dev
Dairyland
2002-2007| 17.5% 20% 22.5%
n=16k/yr.
Dairy One
2002-2007 16% 19% 22%

n=10k/yr.




NDF Content of Mixed Hay-Crop Silages

DM basis | 1Std Dev | Average | 1 Std Dev

Dairyland

2002‘2007 370/0 42% 470/0
n=16k/yr.

Dairy One

2002-2007 430/0 49% 55°/o
n=10k/yr.




DM Content of Corn Silages

1 Std Dev | Average | 1 Std Dev
Dairyland
2002-2007 297 37% 45%
n=13k/yr.
Dairy One
2002-2007 23% 34% 45%

n=19k/yr.




NDF Content of Corn Silages

DM basis | 1Std Dev | Average | 1 Std Dev
Dairyland
2002-2007 37 % 43% 49%
n=13k/yr.
Dairy One
2002-2007 38% 44% 50%

n=19k/yr.




30-h IVNDFD (adapted from Allen, 2003) VS. NDF digestibllity
calculated using NRC-01 lignin equation

Whole-Plant Calculated

Lianin. % DM NDFD 30-h ivNDFD
2.1 62 $10)
3.1 57 45

4.2 53 30




DMI related to NDF & IVNDFD
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Least-square means from meta-analysis on data
from 11 trials with 17 treatment comparisons
published in the JDS since 1999

Control| bm; SE (P <)

DMI, kg/d | 24.2 | 25.4 | 0.7 0.001

Milk, kg/d | 37.7 | 39.4 1.5 | 0.0001
Fat, % 3.67 | 3.59 0.1 0.10
kg/d 1.36 | 1.40 | 0.04 0.02
Protein, % 3.08 | 3.07 | 0.05 NS
kg/d 115 | 1.20 | 0.04 | 0.001




Starch Content of Corn Silages

DM basis | 1Std Dev | Average | 1 Std Dev
Dairyland
2002-2007 23% 30% 37 %
n=13k/yr.
Dairy One
2002-2007 24% 31% 38%

n=15k/yr.




Impact of corn silage starch content on
starch content of low-starch diets or corn
content of high-starch diets

Corn silage | % unit Starch | % unit Corn
starch content increase! reduction!
30% vs. 23% 2.5% 4%
37% vs. 23% 5% 7%

1Assumes 35% corn silage in diet DM
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48-h ivNDFD in Legume Silages

Yo Of NDF

1 Std Dev

Average

1 Std Dev

Dairyland
2002-2007
n=200/yr.

45%

50%

55%

Dairy One
2003-2007
n=400/yr.

47 %

52%

57 %

Rock River
2003-2007
n=700/yr.

43%

49%

55%




48-h ivNDFD in Grass Silages

7 of NDF | 1S5td Dev | Average | 1Std Dev
Dairyland
2002-2007 48% 55% 62%
n=70/yr.
Dairy One
2003-2007 55% Y- 697

n=200/yr.




48-h ivNDFD in Mixed Haycrop Silages

7 of NDF | 1S5td Dev | Average | 1Std Dev

Dairyland

2002-2007 45% 50% 55%
n=3500/yr.

Dairy One

2003-2007 49% 55% 61%
n=600/yr.

Rock River

2003-2007 47% 54% 61%
n=500/yr.




48-h ivNDFD in Corn Silages

7 of NDF 1 Stdev | Average |1 Stdev
Rock River
2003-2007; n=400/yr | 51% 56% IVA
Dairyland
2002-2007; n=4500/yr 56 % 61% 66%
Marshfield
2002-2007; n=500/yr| 49% 58% 67%
Dairy One
2003-2007; n=1600/yr| 55% 60% 65%




30-h ivNDFD in Legume Silages

7 of NDF | 1S5td Dev | Average | 1Std Dev
Dairy One
2002-2007 42% 48% 54%
n=300/yr.
CVAS
2004-2005 39% 45% 51%

n=350/yr.




30-h ivNDFD in Grass Silages

7 of NDF | 1S5td Dev | Average | 1Std Dev
Dairy One
2002-2007 52% 61% 70%
n=300/yr.
CVAS
2004-2005 447 56 % 687

n=350/yr.




30-h ivNDFD in Mixed Haycrop Silages

7 of NDF | 1S5td Dev | Average | 1Std Dev

Dairy One

2002-2007 44% 51% 58%
n=600/yr.

CVAS

2004-2005 437 53% 63%
n=250/yr.




30-h ivNDFD in Corn Silages

7 of NDF 1 Stdev | Average |1 Stdev
Rock River
2007; n=800 450/0 51% 570/0
Dairyland
2007; n=1900 467 51% 56 7%
CVAS
2004-2005; n=4100/yr| B2% 58% 64%
Dairy One
2002-2007; n=2000/yr| 449 51% 58%




48-h vs. 30-h ivNDFD in Corn Silages

7 of NDF 48-h 30-h
Rock River 597 51%
Dairyland 60% 51%
Dairy One 62% 51%

CVAS -- 587%




48-h vs. 30-h ivNDFD in Mixed

Haycrop Silages

7 of NDF 48-h 30-h
Dairyland 53% 45%
Dairy One 55% 50%

CVAS -- 53%







Whole-Plant Corn Silage

Stover=~55-60% of WPDM
Leaves = 15% of DM

Stem = 20-25% of DM
Cob+Shank+Husk=

20% of DM

Grain ~40-45% of WPDM

Advg. 28% starch in WPDM
A/ariable grain:stover

40to 70% IVNDED

80 to 98% starch digestibility

Aernel maturity Aignin/NDF
AKernel particle size Adybrid
Andosperm properties MMaturity




Laboratory Evaluation of Corn Silage
Starch Digestibllity

Linear Equation (DM)

Schwab/Shaver

TTSD =Y = a+(b)DM (Processed -Unprocessed)
Kernel Processing Score

Dry Screen 9 Sieves

Evaluate Starch Passing 1 4.75mm Screen
In Situ/In Vitro
Modified In Vitro

Coarse Grind (6 -8mm)

Ruminal In vitro (12h)

Post -Ruminal (Enzymatic 8 h)
Degree of Starch Access

Enzymatic

Unground -Undried Samples



Predicted Starch Digestibility 1xmaint

100

Processed

/

95 ~
90 A
85 A
30 - Unprocessed —

75

Starch digestibility (%)

70 ] ] ] ] ] ] | | | 1
30 32 34 36 38 40 42 44 46 48 50

Whole plant DM (%)

Adapted from Schwab et al., 2003.






Kernel Processing Score
Mertens, USDFRC & Dairyland Labs, Arcadia, WI

A Ro-Tap Shaker

A 9 sieves (0.6 thru 19 mm) and pan
A Analyze for starch on 4.75 mm & > sieves

% of starch passing

4.75 mm sieve CSPS
>70% Optimum
70% to 50% Average

< 50% Poor



Kernels and Large Fragments Were
Retained on > 4.75-mm Sieves

USDA-ARS US Dairy Forage Research Center



KPS in Corn Silages

7 of Starch 1 Stdev | Average |1 Stdev
<4.75 mm sieve

Dairyland!
h=29 41% 54% YA
1222 39% 53% | 67%
=eos 48% | 58% | 68%
CVAS
n=105 32% 44, 567

Tassoul et al., 2007




% of samples

Corn Silage KPS

n=252

n=29

O DLI-Visser B VVP+-Visser B Tassoul

80
70

60
50

40
30
20
10

0

<50%

50%- 70%

>70% KPS



Degree of Starch Access (DSA)
Blasel, Hoffman and Shaver, JAFST, 2006

AAdaptati on of food 1 ndu
Starch Gelatini zati ono

A Detects particle size, moisture, and vitreousness
differences in corn samples

A DSA has been related to total tract starch digestion
A Assay avallable in commercial feed testing labs



DSA/Degradability in Corn Silages

7 of Starch 1 Stdev | Average |1 Stdev
Marshfield
h=227 880/0 93% 980/0
=5 92% | 95% | 98%
n=29! ) ) o
92% 94% 967
CVAS
n=502 92% 95% 98%

1Tassoul et al., 2007




In Vitro Starch Digestibility in Corn Silages

7 of Starch 1 Stdev | Average |1 Stdev

CVASNH 7h Ruminal

n=5290 52% 62% 72%
Dairyland/Sapienzal
12h Ruminal 85% 90% 95%

Ruminal + 8h Post-Ruminal 97% 98% 99%

Tassoul et al., 2007; n=29



Starch Digestibility

¢ High-Moisture Corn > Dry Corn

¢ High-Moisture Corn; > with > moisture content

¢ Ground > Rolled Corn; > with > fineness of grind

¢ Steam-Flaked Corn > Dry Rolled; Varies with flake density
¢ Floury Corn > Vitreous Corn

¢ Rolled > Unrolled Corn Silage: varies by roll setting

¢ Early > Late Maturity Corn Silage

U If low-starch diets are fed and the cost of starch
is high, then it seems logical that the starch should
be highly digestible



Diet Starch Digestibility vs. Milk Yield

Firkins et al., JAS, 2001

Milk, kg/d

30

85 90 95

TT Starch Digestibility %

100



Diet Starch Digestibility vs. Protein Yield

Firkins et al., JAS, 2001

Milk, kg/d

85 90 95 100

TT Starch Digestibility %



Prolamin Proteins in Corn are Negatively
Related to Starch Digestibility in Ruminants

J. Larson and P.C. Hoffman



Auestions

AChemically-What makes forage indigestible?

AChemically-What makes corn starch indigestible?



Corn Seed Anatomy - 101

—— pericarp
—soft endosperm

—horny endosperm
—scutellum

st ——coleoptile

plumulei3:d & 4th leaf)

— growing point

— scutellar node

——radicle

UAESE — — o0t cap
— coleorhaza

L 1.'11]







# Floury starch
(air spaces;
less dense)

== oy Vitreous or
¥ ‘ Hard starch
L o (packed)



Corn Endosperm Storage Proteins

U Albumin-globulin
I Saline, H,0 Soluble
I High in Lysine
I Free Amino Acids, NPN
U Zein
I Soluble in Aqueous Alcohol Solutions
I Low In Lysine
U Glutelins

I Alkali Soluble
I Similar in Flint and Floury Corns



The Corn Endosperm Protein of Interest - Zein

U Zein (4 Types)T Yb o u

U 10-27 kD

U Granule surface

U Cross-linked

U 50-60 % of CP In some corn endosperms

U Insoluble in the rumen environment

U Encapsulates the starch matrix

U Advances with maturity T (like NDF in forages)
U Genetic differences in corn (flint vs floury)



Corn Prolamin-Zein Advances With Maturity
Murphy and Dalby, 1971: Cereal Chemistry

45

40 B
:  ——
/

25
20

15 A

N [ —

% of endosperm CP

10 20 30 40 50 60

Days after pollination

=8=Fthanol (Zein) Dent =#= Ethanol (Zein) Opaque




Prolamin-Zein: Corn Varieties are Different
Hamaker et al., 19951 Cereal Chemistry

801
70+
60 17
50 1
40 7]
301
201
1017

Zein, % of CP

Oh43 Mol7 WG64A B73 W64 02
Corn Variety



Prolamin-Zei1 n: Why Doesnot
Hamaker et al., 19951 Cereal Chemistry

AGrind Corn 1 mm

ARinse with 0.5M NaCl i Centrifuge
ARinse with 0.5M NaCl i Centrifuge
ARinse with 0.5M NaCl i Centrifuge
ARinse with H20 i Centrifuge

ARinse with H20 i Centrifuge

ARinse with SDS solution i Centrifuge
ARinse with SDS solution i Centrifuge
ASolubilize Zein with 70 % Ethanol Save Supernatant
ADry Supernatant

ARun Kjehdah! Protein

AEXpensive
ASlow
ADifficult



Dorshorst and Hoffran (Pilot Plebian Lab Test)

% of Total CP

Applied but Technically Incorrect

Modified: Murphy and Dalby Method

Saline Soluble CP on Whole Corn Kernels (not isolated endospeinn)
Not lypophilized

Kjedahl on the Supernatant

Residue Washed in 70 % Aqueous Ethanol

CP on the Residue

Total CP

Apparent Ethanol CP (Zein Estimate) Calculated by Difference

;: ;: ;: ;: ;: ;: ;: ;:

Floury Flint

O Saline Soluble CP m Ethanol Soluble CP




DSA, % of Starch

95.0

92.0

89.0

83.0

80.0

Pilot Plebian Lab Test vs Blazel et al., 2005 DSA Procedure
Relationship between ESCP and Grain DSA

R’ =0.63

0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0
ESCP, % of CP

36.0



Larsen and Hoffman1 2008 (3 Step Due Diligence TCA Method)
Example Concept- Research in Progress

1.60

1.55+
1.50-
1.45-
1.40-
1.35-
1.30-
1.25-
1.20-

Absorbance log10
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