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Figure 2-3. Schematic representation of the major enzymes involved in cellulose
hydrolysis (Beauchemin et al., 2004)
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Table 1. Conceptual partitioning of feeds into chemical and nutritional fractions.

CHEMICAL FRACTIONS:
JLY (0] £ 111 ([ S —— Dry Matfer ===-mmmmmmm e s e o e e |
| ASI| mmmmmm e e e Organic Matter ========mmmmmm e e e |
| Lipid | Protein | --------------- Carbohydrates. Organic Acids, and Complex Polymers --------------- |

| Sugars | Starches | Org. Acids?® | Pectins® | Hemicellulose | Lignins+° | Cellulose |

NUTRITIONAL FRACTIONS -- Incompletely Digested:

[ — Cell Walls eeemmamecmmmacaaaaa -l
-------- Neutral Detergent Fiber ------- |

| Acid Detergent Fiber |

| Crudc Fiber !

NUTRITIONAL FRACTIONS -- Readily Digested:

e NBEE |
| -- TNC or NSC -- |
| Starches |

* Organic acids. including the volatile fatty acids in silages and other fermented feeds.
® Includes other soluble fiber such as beta-glucans and fructans. J
Merten

N
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Table 3. Values obtained using various methods to measure NDF (Hintz et al., 1996).

Feed description NDF® NDR" aNDF* aNDF/NDR
O % of DM -------------- ) (%)
Wheat straw* 83.9 86.0 82.8 96.3
Timothy® 67.2 68.0 65.1 93.7
Alfalfa hay':1 47.2 50.4 46.3 91.9
Alfalfa silage 43.6 42.2 96.8
Corn silaagte?I 559 55.0 52.6 95.6
Citrus pulp 94.8
Corn grain 88.6
Brewer's grains 78.2
Distiller's grains 2.3

67.0

Soybean meal

? Neutral detergent fiber - original method with sulfite, but no amvlase (Van Soest and Wine, 19—/
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Table 4. Guidelines for total NDF and forage NDF intakes as a percent of the total ration dry
matter when feeding concentrates with low NDF.

Milk production Total NDF intake Forage NDF intake
High (> 80 pounds) 28-32% (*sls ») 21-21%
Medium (60-80 pounds) 33-31% (wes) 5 daw o) 25-32%
Low (< 60 pounds) 38-42%  (wdls o) 29-36%

N y
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Table 8. Estimating the physically effective NDF (peNDF) of feeds using chemical (NDF) and

physical measurements (sieving) in the laboratory (adapted from Mertens. 1986).

DM retained on
Feed pef® 1.18-mm sieve’” X NDF = peNDH
Standard 1.00 1.00 140 100.0
Grass hay. long 1.00 0.98 65 63.7
Legume hay. long 0.95 0.92 50 46.0
Legume silage, coarse chop 0.85 0.82 50 41.0
Legume silage. fine chop 0.70 0.67 50 33.5
Corn silage 0.85 0.81 51 41.5
Brewers grains 0.40 0.18 46 8.3
Corn, ground 0.40 0.48 9 4.3
Soybean meal 0.40 0.23 14 3.2
Soybean hulls 0.40 0.03 67 2.0
Rice muill feed 0.40 0.005 56 0.3

“Standardized physical effectiveness factors based on chewing activity (from table 6).
®Vertical shaking motion was used to separate particles.
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Figure 1. Shaking pattern for particle size separation.
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Table 6. Physical effectiveness factors (pef) of NDF for various sources and physical forms.

Classification Dimension Grass Grass Cormn  Alfalfa Alfalfa Concen Byproduets
(inches®) hay silage  silage hay silage  -trates
Long 1.00 95
Chopped
Coarse =2 0.95 0.95 0.90
Medinm-coarse  1-2 0.90 0.90 0.85
Medium 5-1 0.85 0.85 0.90 0.85 0.80
Medium-fine .25-.5 0.85 0.80
Fine 25 0.80 0.70 0.70
Sround
Medium =25 0.40 0.40
Fine/pelleted <.25 0.30 0.30
Rolled HM com” 0.80
Rolled barley 0.70
Ground
Cracked/coarse  =.5 0.60
Medinm 25-5 0.40 0.40
Fine/pelleted <.25
0.30

® Rolled high moisture corn.

a . . - . - -
Approximate dimensions of screen openings or theoretical lengths of cut. @
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Section 1. Distribution of Particles

INPUT
Sample 1: High Group TMR Sample 2: Low Group TMR
Seive Weight (grams)| Weight (grams)
Upper 1343 50.0
Middle 51.39 275.0
Lower 128.31 235.0
Bottom Pan 55 58 30.0
Total 2487 650.0
OUTPUT

Sample 1: High Group TMR Sample 2: Low Group TMR
Particles Remaining | Cumulative Particles |Particles Remaining| Cumulative Particles
Seive (% of total) (% under each sieve) (% of total) (% under each sieve)
Upper 5 95 g 92
Middle 21 74 42 50
Lower b2 22 36 14
Bottom Pan 22 14
Section 2. Sample Parameters
Sample 1 Sample 2
Average Particle Size (mm) 3.76 5 86
Standard Dewviation (mm) 2.77 2.78

-

~




&30 ok § TMR (5 2 &1 33 0311 @393 cslosal

Table 1. Forage and TMR particle size recommendations based on three experiments using early
lactation cows fed either alfalfa haylage or corn silage with or without cottonseed hulls.

Pore Size  Particle Size .
Screen inches| inches) CornSilage  Haylage ~ TMR

Upper Sieve 0.75 >0.75 3to8 101020 | 2to8
Middle Sieve 0.31 031t00.79 | 451069 451075 {30100
Lower Sieve 0.05° 007t00.31 301040 201030 1301030
Bottom Pan <007 <) <9 <2

*Pores are square, so largest opening is the diagonal, which is 0.07 inches. This is the reason the largest particles
that can pass through the Lower Sieve are 0.07 inches in length.
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