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Innovations in Feeding the Cow Herd:
Maximizing Productivity Through Forage
Processing
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Costs Per Beef Cow

2000-2004 Iowa SPA Summary
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Annual Energy Requirement of a Beef Cow
Calving

Fetus

Breeding

Weaning

Milk

Fetus

Activity (grazing, walking)

Adapted from Harvey Freetly, BIF Proceedings 2009

What IF?
• You could increase the digestibility of your forage
by as much as 40 to 60% so that you didn’t need
to purchase grain for your cow herd in the winter?
• You could reduce feed waste by as much as 20 to
30%, and have stockpiled forages in pastures for
cows with newborn calves?
• You could have a water source that helped assure
that cattle were able to maximize their forage
utilization?
• You didn’t need to tear up fields trying to feed
cows in the winter?
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Would you be willing to:
• Put in a feed bunk system and feeding pad that
allowed you to achieve everything in the
previous slide?
• Purchase a feed grinder/mixer if it allowed you
to save time, and money?
• Put in a watering system that assured your
cattle were not limited in their potential by
cold, inadequate supplies of water?

Why Do We Process Forage?
• More complete digestion by rumen bacteria
due to more surface area for attachment.
• More surface area for enzymatic digestion
in the small intestine.
• Higher levels of feed intake with forage
based diets.
• Better fermentation with ensiled feeds due
to less air space between particles.
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Why Do We Process Forage?
• Better flow of materials through feed
conveyors.
• Better mixing of the diet that results in less
separation in the feed bunk.

Problems Associated with Processing Forages
• Increased production costs.
• Dust and loss of leaf protein.
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Ruminant Nutrition Basics:
Background Information for Our Research
• Rumen bacteria are responsible for digesting feed.
• Rumen bacteria digest feed by attaching to the
feed particles and releasing enzymes.
• Increasing the surface area of feed (reducing the
feed particle size) increases the rate of digestion
by allowing more bacteria to attach.
• With a forage-based diet, there are approximately
1 to 3 billion bacteria per ml of rumen contents.
• With a grain-based diet, there are approximately 8
to 10 billion bacteria per ml of rumen contents.

Rumen Contents Average 88% Water
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What Happens When Cattle Have to Drink
COLD Water?

Implications
• In winter, or in a drought, the lack of fresh water limits feed
intake, because 1 pound of dry matter intake requires 7
pounds of water.
• Cold water can reduce feed intake, and therefore digestible
energy, because the rumen functions at 101 to 102 degrees
Fahrenheit.
• If the rumen is cold, due to cold water intake, the rate of
digestion slows down considerably until the water is
warmed to body temperature. When the rate of digestion
slows, nutrient absorption is less (with forages), and growth
slows.
• When this happens, growth slows, and slower growth
generally means less protein turnover of collagen, more
collagen cross-linking, and a tougher product.
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“Healthy” Papillae

The Reticulum Traps Large Feed Particles
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Forage Digestibility
• Undigested feed is broken down through the process of
rumination and re-chewing until it is either digested, or
small enough to pass from the reticulo-omasal orifice.
• Most particles leaving the rumen are smaller than 1mm,
although particles as large as 5 cm may leave the rumen
(Welch, 1986).
• Reducing the particle size of many mature forages can
reduce maintenance energy expenditures due to a
reduction in visceral organ mass and reducing the energy
expenditure of rumination and re-chewing.

Implications
• Feed particles must be broken down to 2-5 cm to pass
out of the rumen.
• Long-stemmed hay drastically reduces digestible
energy intake as the animal expends energy
ruminating (regurgitating and re-chewing).
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What are the Implications of Increased Forage
Digestibility?
• More microbial protein supply to the small
intestine with increased fiber digestibility.
• Reduced need for protein supplementation.
• Increased VFA production, leading to
increased energy retention by the animal.

Increasing Nutrient Retention with
Increased Forage Digestibility Results in:
•
•
•
•

Reduced feed waste
Reduced manure output
Improved cow body condition
Reduced need for purchased feed
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Forage Digestibility
• The conversion of fibrous forages to meat and milk is
not efficient, with only 10 to 35% of the energy intake
being captured as net energy to the animal, because 20
to 70% of the cellulose may not be digested (Varga
and Kolver, 1997).
• Research conducted at The Ohio State University found
that steers fed a chopped hay based diet gained 2.6
lb/day while those fed the same hay in round bales
(same hay source) in a rack gained 1.4 lb/day, more than
an 85% increase in performance.”
(Source: http://beef.osu.edu/library/AltFeedSuplong.pdf).

Forage Digestibility
• Digestion normally occurs from the inside
of the forage to the outer layers.
• Limitations to the speed at which this
occurs include the physical and chemical
properties of the forage, the moisture level
of the forage, time for penetration of the
waxes and cuticle layer, and the extent of
lignification (Varga and Kolver, 1997).
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Forage Digestibility
• Ruminant animals in grazing situations need to maximize
forage digestion in order to meet their energy and protein
requirements.
• Factors that limit the animal’s ability to meet their
requirements include: forage species, maturity, lignin
concentration, and the ruminal ammonia requirements of
cellulose digesting bacteria.
• Unlike grain-based diets, there is a time period, referred
to as the lag phase, required for cellulose digesting
bacteria to attach to forage particles, and the energy
available is directly related to surface area.

Methods to Increase Forage Digestion
• Grinding forage during harvest or post-harvest increases digestibility by
30 to 35%, can increase gains on grass hay by 50% to 100%, and is the
best way to access the energy and bound protein in a grass-based forage,
because rumen bacteria digest forage from the inside first, and work
toward the outside due to the waxy cuticle layer.
• Several feed additives aid microbial enzyme production and digestion of
forage (Amaferm), or energy (VFA) production from forages
(Rumensin, Bovatec, Amaferm, MTB-100) and several others with
varying degrees of research behind them…. Be open to new options in
the future.
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Methods to Increase Forage Digestion:
Stimulate Bacterial and Fungal Activity
• Amaferm has been shown to increase the growth rate of
the fiber digesting bacteria in the rumen, Fibrobacter
succinogenes S85 and Ruminococcus albus 7 as well as
several strains of the lactate utilizing bacteria
Megasphaera elsdenii, Selenemonas ruminantium, and
Selenomonas lactilytica. (Beharka, A. A. and T. G. Nagaraja. 1998. Effect of Aspergillus oryzae
extract alone or in combination with antimicrobial compounds on ruminal bacteria. J. Dairy Sci. 81:1591-1598).

• Amaferm has been shown to accelerate the enzyme
production of the rumen fungus Neocallimastix frontalis
EB188, resulting in a 37% increase in carboxymethyl
cellulase, a 261% increase in β-glucosidase, and a 407%
increase in amylase.
(Schmidt, J. A., S. Albright, K. P. Tsai, G. M. Calza, J. S. Chang, R. E. Calza. 2004. Appl. Microbiol Biotechnol. 63:422-430).

Rumen Bacterial Numbers
Number of Bacteria
Forage Diet = 3 Billion/ml

3,000,000,000

Number in 1 liter (Trillion)

3,000,000,000,000

Number in a gal. @ 3.79 L/gal

11,370,000,000,000

Number in a 15 gallon rumen

170,550,000,000,000

Number of Bacteria
Grain Diet = 8 Billion/ml
Number in 1 liter (Trillion)

8,000,000,000
8,000,000,000,000

Number in a gal. @ 3.79 L/gal

30,320,000,000,000

Number in a 15 gallon rumen

454,800,000,000,000

Since bacteria provide 55% to 80% of the animal’s protein, forages result in less
microbial protein per lb. of dry matter consumed than grain diets.
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All Feed Proteins Degraded in the Rumen
Become Ammonia

• Ammonia = NH3

O
||

• Urea = H2N – C – NH2

Protein Is Needed For:
• Nitrogen for microbial growth and fermentation
in the rumen.
– Protein degraded in the rumen provides NH3 that
the bacteria use to grow.
– Microbial protein typically provides about 50 to
80% of the amino acids needed by the animal.

• Post-ruminal amino acids supplied to the small
intestine and absorbed for use by the animal.

13

5/25/2011

Ruminal Protein and Fiber Degradation
• Ruminant animals in grazing situations need
to maximize forage digestion in order to
increase performance parameters such as
average daily gain or milk production.
• Degradable intake protein (DIP) has been
reported to be the first-limiting nutrient for
beef cattle grazing low-quality forages
(Köster et al., 1996; Olson et al., 1999;
Bandyk et al., 2001).

Ruminal Protein and Fiber Degradation
• Cellulolytic bacteria prefer ammonia (NH3)
as their N source (Russell et al., 1992), so
substituting NPN for a portion of the
degradable true protein in supplements for
range cows should be a viable option
(Köster et al., 2002).
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Ruminal Protein and Fiber Degradation
• In production situations where energy is
limiting, either because of relatively low-quality
forage or in production situations where there is
reduced dry matter intake, microbial protein
reaching the small intestine may be insufficient
to maximize animal growth, and combinations
of DIP and ruminally undegradable intake
proteins (UIP, or bypass protein) may be
warranted, (Firkins and Fluharty, 2000).

Not all Average Daily Gain is the Same
• Visceral organs (rumen, reticulum, omasum,
abomasum, small intestine, cecum, and large intestine)
increase in weight as the forage content of the diet
increases.
• Increased organ weight results in decreased feed
efficiency and dressing percentage.
• Maintaining visceral organs requires 40 to 50% of an
animal’s daily energy intake, and 30 to 40% of an
animal’s daily protein intake with a forage based diet.
• Research I conducted in the 1990’s found a 15 to 20%
increase in organ mass when lambs were grazed on
forage (alfalfa) versus being fed grain (corn) at the
same energy and protein intake level.
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Effect of Forage to Concentrate Ratio on Rumen
Volatile Fatty Acid (VFA) Ratios in Cattle
Forage:Concentrate
Ratio
100:0

Acetate
(%)
71.4

Propionate
(%)
16.0

Butyrate
(%)
7.9

75:25

68.2

18.1

8.0

50:50

65.3

18.4

10.4

40:60

59.8

25.9

10.2

20:80

53.6

30.6

10.7

Annison and Armstrong, 1970

VFA Use in Ruminants
• Acetate (CH3 – COOH) is primarily used in fatty
acid synthesis for subcutaneous and seam fat as
well as milk fat.
• Propionate (CH3 – CH2- COOH) is converted to
glucose in the liver.
• Butyrate (CH3 – CH2- CH2 - COOH) is converted to
ketones during absorption through the rumen
epithelial tissue, then goes to fatty acid synthesis
in adipose and mammary gland.
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Diet Affects Growth Rate and End Products
of Rumen Fermentation
• High-concentrate (grain-based) diets result in
increased propionate production relative to
acetate.
• Propionate is the only glucogenic fatty acid (The
only VFA converted to glucose in the liver).
• Higher levels of glucose production in the liver
result in a greater average daily gain, more lean
tissue growth per day, and more intramuscular fat
(marbling) deposited.

To Supply Newborn Calves With More
Energy, Increase Acetate Production
• Acetate production in the rumen goes primarily to
milk fat and intermuscular fat production. With
newborn calves, supplementing the cow with
grain will increase propionate, not acetate. This
will result in an increase in milk production, but
not milk fat concentration. A newborn calf
probably can’t drink more milk than the cow is
already producing, so more milk is not needed.
• The best way to increase energy to the newborn
calf is to increase forage digestibility.
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Example of the Effects of Forage Length on the
Average Daily Gain of Weaned Calves, A BENEFIT
FOR GROWTH, WITH STOCKER CATTLE, TOO!
Round Baled Grass Hay
Chopped Hay (the same
supplemented with 5 lbs. of hay as in the Round Bales)
supplemented with 5 lbs. of
Whole-Shelled Corn
Whole-Shelled Corn

1.4 lb/day

2.6 lb/day
86% increase

Source: Steve Loerch, OARDC research

Form of Alfalfa on Lamb Performance and
Carcass Characteristics
Item

Pellets

P+H

Haylage SEM

Animal No.

24

24

24

Initial wt. lb. 115.8

115.5

115.8

.09

Final wt. lb. 147.7

148.6

148.6

1.3

Days on feed 54a

61a

82b

3 (P<.01)

DMI, lb/d

5.14a

4.43b

3.66c

.11(P<.01)

ADG, lb/d

.61a

.55a

.41b

.02(P<.01)

HCW, lb

73.4

73.2

71.7

.9

Backfat, in.

.23

.22

.21

.02

2.85

2.71

.08

LEA, sq. in. 2.77

Particle size has a huge impact on DMI, ADG, and days on feed, but NOT on
carcass characteristics (even at small particle sizes). This shows that decreasing
particle size of even small-sized forages is a benefit!
Fluharty et al., OARDC research
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How Do We Improve the Cow’s Nutrition in
Late Gestation?

Limit-Feeding Corn
• Alternative energy source in late gestation diets of
beef cows.
• Lower winter feed costs?

Loerch, 1996
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Birth weight, lb

Increased Birth Weight is an Outcome From
Limit-Feeding Corn in Late-Gestation
115
110
105
100
95
90
85
80
75
70

Hay

Trial 1

LFC

Trial 2

Trial 3

Corn averaged a 6.5 lb increase in BW
Loerch, 1996

What are DDGS?
• Byproducts of ethanol
industry
– Variability

• Traditional CP supp.
– Fat
–N
–S
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Types of DGs
• MDGS (45% DM)
• WDGS (35% DM)
• DDGS (90% DM)

• Syrup, distillers solubles, CCDS

Comparison of feeds (DMB)
CP (%)
Fat (%)
NEm (Mcal/kg)

WDG
25
13.7
2.45

DDGS
30
10-13
2.35

Corn
8.7
3.2
2.24

NDF (%)
Ca (%)
P (%)
S (%)

39.4
.1
.9
.5 – 1.2

38.8
.22
.83
.5 - 1.2

9
.02
.35
.14
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DiCostanzo, 2007

Gestation Feeding Study
• 60 Beef Cows, 3 to 6 years of age were assigned to
one of the following treatments:
1. Grass/Legume Hay (Hay)
2. Limit-Fed Corn (LFC)
3. Dried Corn Distillers Grains (DDGS)
• The diets were fed beginning at 155 days of gestation.
• Diets were fed to provide the same daily energy
intake.
Amy Radunz Ph.D. research, The Ohio State University
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Dr. Amy Radunz, Ph.D. Research at OSU:
Energy Sources During Late Gestation
Nutrient

Hay

Corn

DDGS

ME, Mcal/kg

2.1

3.0

3.2

Starch, %

11

70

4

Fiber, %

65

28

40

Crude Fat,%

2.5

3.7

11

10-12

9.0

30

Crude Protein, %

Pre-partum Energy Source
Total intake, lbs/d
Hay, lbs/d
Corn, lbs/d
DDGS, lbs/d
Supplement, lbs/d

HAY
28
28
----

CORN
17
5
10
-2.5

DDGS
15.5
5
-8.5
2.5

Fed from d 187 to 285 of gestation
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Prepartum Cow Performance
HAY

CORN

DDGS

Initial Wt, lbs

1340

1334

1334

Final Wt, lbs

1449a

1444a

1490b

ADG, lbs/d

1.10a

1.10a

1.58b

Initial BCS

5.4

5.4

5.3

Final BCS

4.9a

5.2ab

5.7b

Pregnancy rate, %

89

90

88

a,b Within

a row, means without a common superscript differ at P < 0.05.

Cow Prepartum Energy Source
Progeny postnatal performance

Birth Wt, lbs
Weaning wt, lbs
Feedlot ADG, lbs/d
Feedlot DMI, lbs
Feedlot F:G
Days on feed
a,b Within

HAY

CORN

DDGS

SEM

P-value

85.5a

95.0b

91.0b

3.5

<0.001

3.2

0.05

0.10

0.11

0.38

0.65

0.003

0.75

2.8

0.05

580a
3.23
20.0

607b

592ab

3.30

3.09

20.3

20.0

6.19

6.15

6.47

178.6a

172.3b

173.7b

a row, means without a common superscript differ at P < 0.05.
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Cow Prepartum Energy Source
Progeny carcass composition

HCW, lbs
12th rib fat, in.
LM area, cm2
KPH, %
Yield grade
Marbling score
≥ Avg CH, %
a,b Within

HAY

CORN

DDGS

677ab

688b

661a

0.42
77.8

0.48
79.1

3.43
2.50

3.25

0.48
75.9
3.23

2.56

2.61

SEM
29.1

P-value
0.03

0.02

0.12

2.9

0.14

0.14

0.48

0.01

0.60

517a

476b

501ab

13.2

0.03

50

24

42

9.3

0.10

a row, means without a common superscript differ at P < 0.05.

Conclusions
• Cows fed LFC and DDGS gained more
weight pre-calving and had a greater body
weight post-calving than cows fed hay.
• Calves from dams fed LFC and DDGS had
a greater birth weight, greater longissimus
dorsi area at birth, and weighed more at 205
days of age than calves from dams fed hay
pre-calving.
• However, calves from dams fed hay had the
highest marbling scores
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Conclusions
• Cow herd management can be improved by
developing winter feeding areas that have feeding
pads and feed bunks.
• These areas can be dual use, allowing for drylot
backgrounding of weaned calves, making them
more marketable, as well as winter feeding areas
for the cow herd.
• Done correctly, this can allow cow-calf producers
to take advantage of a broad range of feedstuffs,
more appropriately manage newborn calves, and
reduce damage to pasture areas in the winter.

In Summary:
• The cow’s nutrition in late gestation and early
lactation can be greatly impacted by forage
particle size.
• Changing the way we feed cows in the winter
can dramatically cow impact performance, farm
profitability, and whole-farm management, and
the manure can be delivered
to the fields where they are
needed most.
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