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Per centage distribution and energy digestion coefficients
(NRC 2001) of nutrientsin high producing dairy cow diets
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Amylolytic Activity of Selected Species of Ruminal Bacteria

MICHAEL A. COTTA

Narthern Regional Research Center, Agricultural Research Service, U.S. Department of Agriculture,
Pearia, Nlinois 61604

TABLE 1. Amylolytic activity of species of ruminal bacteria®

Growth (g of protein Activity (Uimg

Hirsin ml of culture) of profeink®

R. amvlophilus H18 156 19.67
B. reminicola

k| 467 08D

B4 82 1.24
B. fibrisolvens

49 180 5.ED

AR EEL] 187

Dl 136 009
5. bovis JRI 164 15.63
. reminaniivm

HD4 T2 0.06

8] 108 0.2%
5. dextrinosodvens 11:b 129 0.12

= All cubures were grown overnight in starch-contaming medium. Yalues
are the means of duplicate experiments.
* Units are micromoles of reducing sugars prodsced pEr minule.

Postruminal Digestion of Starch

Pancreas secretes a-amylase
Starch Maltose + a-limit dextrins

Brush boarder secretes
Maltase glucoamylase Not characterized in ruminants
Sucrose isomaltase  No activity in ruminants

Starch is digested to glucose in the intestine




Starch Digestibility
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Starch Digestibility — | N VItr 0

6 hr In vitro: Effect of processing on Starch Digestibility
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starch Digestibility — L IN€ar Equation

Predicted Total Tract Starch Digestibility
Shaver, 2002

. Unprocessed
—4— Processed

« Values are in the biological range

Starch dig. %

* Does not take into
y account true particle size

« Whole plant DM is not perfectly
related to endosperm DM




Relationship between whole plant and grain moisture content
In corn silage (Hoffman and Bertram, 2007 Unpublished data)

Grain DM %

3 Varieties 74,93, 110 d I?RM
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Whole Plant DM %

Figure 1. Relationship between whole plant moisture and
kernel milk. Lauer, 1999
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Starch Digestibility — Corn Silage Processing Score

Corn Silage Processing Score
Mertens, USDFRC & Dairyland Labs, Arcadia, WI

Ro-Tap Shaker
9 sieves (0.6 thru 19 mm) and pan
Analyze for starch on 4.75 mm & greater sieves

% of starch passing
4.75 mm sieve CSPS
>70% Optimum
70% to 50% Average
< 50% Poor
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Kernels and Large Fragments Were
Retained on > 4.75-mm Sieves

USDA-ARS

US Dairy Forage Research Center

% of Total Starch
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Corrdation to DSA (r)

Blasel, H.M., P.C. Hoffman and R.D.Shaver, 2006

Relationship of DSA to Starch Particle Size Fractionsin Corn Silage

Latent Starch Kernel Starch Fine Particle Starch
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Starch Particle Size, (Screen Retained) mm

KPS
76%

% of Samples

Under processed <50%  Average 50% - 70% Optimum >70%

@ Dairyland (252 samples) B Vita Plus (55 samples)
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Starch Digestibility — Hybrid In Vitro/Enzymatic

Starch Digestibility — Hybrid In Vitro/Enzymatic

Origin- C.W. Hunt, Johnson et al., 2002, J.
Harrison, Pioneer/DuPont.

Samplesare oven dried and ground 6-8 mm.

12 hin vitroto determineruminal starch
digestion.

Residueis exposed to an enzyme cocktail for 8 h
to determine post-ruminal starch digestion.
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The effect of sample processing on in situ starch degradation. Sapienza.
Cornell Nutrition Confernence, 2002

E Mid-Maturity Corn Silage
H Late-Maturity Corn Silage

Sapienza, 2002: Cornell Nutrition Conference
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120.0

HMC - Pre vs. Post Fermentation Values

100.0

80.0 q
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Water Soluble Protein, %
CpP

Total Tract STRD, %
starch

Ruminal STRD (12-hr, %
of starch)

Intestinal STRD (8 hr, %
of starch)

‘D Pre-Fermented

12.4

80.8

49.0

31.8

‘l Post-Fermented

69.0

98.7

83.3

154

Starch Digestibility — Degree of Starc
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Blasel, H.M., P.C. Hoffman, and R.D. Shaver. 2006. Degree of starch
access: An enzymatic method to determine starch degradation potential of corn
grain and corn silage. Anim. Feed Sci. and Technol. 128:96-107.
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Relationship of DSA and Total Tract Starch Digestibility from Literature Sources which
Defined Particle Size and Moisture Content of Corn

Used to adjust recovered

1100 starch to DSA (TTSD Index).
y =0.1982x + 76.893
S RP=07332 — . . .
£ 1000 Values compressed into the biological
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Degree of Starch Availability, % of Starch

105.0 1

Particle Size P<0.0001

-15.0

85.0 1
65.0 1
45.0 1
25.0 1
5.0 4 . . . . i
370 500 640

1100 3140 > 4000

Mean Particle Size,um

DSA

Mean Particle Size vs DSA - High Moisture Corn

99.0

R?=0.8135

98.0 \
97.0 *

96.0 1 .
95.0

94.0

93.0

92.0 ~

91.0 ~

90.0 T T T T T

500 700 900 1,100 1,300 1,500
MPS, microns

Courtesy of DuPont/Pioneer

1,700 1,900 2,100

18



Degree of Starch Availability, % of Starch
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Relationship Between DSA and Corn Silage DM Content. Marshfield
Soil and Forage Analysis Laboratory (n=240)
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Theoretical Relationship Between Corn Particle Size, DM Content
and Starch Digestibility (Spatial)
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Theoretical Relationship Between Corn Particle Size, DM Content
and Starch Digestibility (2 Dimensional)
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Corn Silage (32 % DM, 27.1 % Starch) Corn Silage (48.1 % DM, 31.3 % Starch)

Potential Range for Starch Digestibilitypga

of corn-based feeds commonly fed to dairy cattle

Starch Digestibility,g, (% of Starch)
Starch
Feed % of DM | Minimum | Maximum | Average
Corn Starch 95.2 97 98 98
Shelled Corn 68.2 79 98 92
Steam Flaked Corn 717 92 98 95
High Moisture Corn 67.6 81 98 93
Corn Silage 27.7 83 98 94




High Moisture Corn and Corn Silage
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Evaluation | Linear Hybrid In
Criteria Equation | InVitro CSPS Vitro DSA
Particle Size * * * %%
Moisture * % * *
Content
Endosperm * * *
Type
Ruminal *
Starch Digest
Post Ruminal *
Starch Digest
Ration * * * %
Balancing
Hybrid *
Evaluation
Cost *% % * *
Easeto * % % * * %
Facilitate
Multiple *k* * %% * % %
Feeds
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