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Feed Efficiency

Feed/pasture costs a significant portion of total
production costs

—=40-70%
Feed costs volatile
Advances in technology for selection?

BIG QUESTION: What is efficiency and what
measure of efficiency should we use?




Output (calf or carcass)

Efficiency =

Input (nutrients)




‘) Feed Efficiency defined

ltem

Definition

Gross efficiency
Feed conversion ratio

feed:gain or gain:feed

Residual feed intake or
Residual gain

Feed intake actual

predicted

"Black Box"
ﬁ w

— feed intake predicted
(after accounting for ADG and BW) or ADG actual

— ADG

Maintenance efficiency

BW/feed intake (at maintenance)

Partial efficiency of growth

Weight gain/feed intake (after accounting for maintenance)

Relative growth rate

Weight gain/instantaneous size

Kleiber ratio

Weight gain/metabolic BW

Cow/calf efficiency

Feed intake of cow and calf / weight of calf weaned

Weaning efficiency

Ib calf/lb cow weight

Efficiency per acre

Ib beef/acre

Swanson and Miller, 2008




Longevity is an important factor
(Lifetime efficiency)

Weaned calf value: $900

Cost to produce calf: S600

Cull cow value: 1250 Ib*$0.80 = $1,000

Cost to purchase bred heifer: $1,400

So:

— $900 - $600 * 1=$300 +1,000 - $1,400 = -5100

— $900 - $600 * 2= $600 +1,000 - $1,400 = +$200
— $900 - $600 * 3=$900 +1,000 - $1,400 = +S500
— $900 - $600 * 4=$1,200 +1,000 - $1,400 = +$800




Reproductive Efficiency

* Pregnancy rate

 Rebreeding

e Calving distribution




Partitioning of Feed Energ

PRODUCTION (Ne,)

a. Tissue growth

b. Stored in products
NET ENERGY (milk)(NE,)

— (Ne, + Ne,) c. Work

——
METABOLIZABLE

— ENERGY (ME) MAINTENANCE (NE,,)

a. Basal metabolism
DIGESTIBLE b. Activity at

ENERGY (DE) = maintenance
GROSS c. Sustaining body
ENERGY temperature
(GE)

FECAL ENERGY (FE)

a. Undigested feed
residues

b. Metabolic products:

mucosa URINARY ENERGY

bacteria LOSSES fem:nentatlons and
enzymes a. Residues of imperfect action .

. . Heat of nutrient
food nutrient

i metabolism
metabolism (largely (exergonic)
N compounds) Energy wasted
b. Endogenous catabolism as heat

(largely creatinine)(UE)

| HEAT INCREMENT
ENERGY (Hl)

a. Heat of digestive

GASEOUS ENERGY

LOSSES

a. Gaseous energy losses
of fermentation (CH,)

Lost via bowels
or belching




FIGURE 1-2

Conservation of energy principle for the
human body.

8

http://theguycancook.com/blog/2010/06/16/everything-you-need-to-know-about-fat-burning-diets/
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Maintenance Costs are Significant

LLaoctation
Gestation
Maintenance
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What influences maintenance costs
and feed efficiency

Size

Body composition

Potential milking ability

Visceral organ mass (cellular energy metabolism)
Prior nutrition

Environment (feed availability, weather, etc)
Adaptability — Able to withstand feed restriction
Hair coat, etc.

Many more things




Finishing Cattle vs. Replacements or
Mature Cows

* Finishing cattle
— QOutput is gain or meat
— Relatively easy to measure?

e Replacements or mature cows

— QOutput is not the growth of that animal
e Calf weaned or beef (over a lifetime)
 Many, many factors influence the output
e Also more difficult to measure inputs (feed intake)

— Environment is critical
e Forage availability, weather, etc.
— Breeding programs much more difficult to design for

selection of efficient cow/calf system that still fits into
what is demanded by the finishing sector

11




What happens if you select based on
growth?

FIGURE 1 Steer carcass weights
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Hawley, 2016 Progressive Cattlemen
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Relative Genetic Trends for Yearling
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Kuehn and Thallman, 2015
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Breed Differences in Mature Weight

Breed

5-year-old weight, |b

Hereford

1,419

Angus

1,410

Red Angus

1,409

Simmental

1,404

Gelbvieh

1,323

Limousin

1,391

Charolais

1,371

USDA MARC data

14




Relative Genetic Trends for Maternal
Milk

==Hereford -=Angus -=-Red Angus Simmental

-+ Gelbvieh -~Limousin +Charolais

Kuehn and Thallman, 2015 15
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Is this change in mature BW and maternal
milk a good thing or a bad thing?

e More |b of beef per animal
— Efficiency in feedlot
— Efficiency at packing plant

— Maintenance requirements — lower or higher




How does size/weight influence the maintenance requirement?

From the Small to the Huge

Three scientists have proposed a novel theory to explain how
characteristics like body size and energy consumption ditfer from
spocios to specios along fixed scales, Their theory derives from

analysis of the circulatory system.

An Example of Scaling:
Metabolic Rate

METABOLIC RATE (KCALDAY)
20,000

Mouse
Weight: 1 oz
Energy
consumption:
4 koal. Mday
4 keal per oz.
per day

10 0z. 1lb. 101b. 100 b, 1,000 1b. 10,000 Ib.
BODY WEKGHT

Size and EfMiciency

The average elkephant weighs 220,000 times as much as the
average mouse, but requires only about 10,000 times as much
onorgy in the form of food calories 1o sustain itsell, The

reason lies in the mathematical and geometric nature of networks
that distribute nutrients and carry away wastes and heat. The
bigger the animal, the more officiently it uses onergy.

Metabolic BW = BW?¢-75
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Dry Matter Intake, % of BW
3.0-35
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Body Weights of Heifers (2 years of data)

Frame Score

Item

BW at breeding, |b

BVI\; aI:,weaning of 1st 928 1025 1122 1219
calf,




Measuring Feed intake

Pen
Individual

— Individual gan,Calan gate, other electronic systems
(Growsafe,Jlnsentec|etc.) s...a

Markers
— pasture

Feeding behavior

Predicting feed intake difficult
— One of the biggest challenges

Measuring BW




Growth Performance during Test (2 years of data)

Frame Score

Item

ADG, Ib/d

DM, Ib/d

DMI, % of BW

Gain:Feed, Ib/lb

Feed:Gain, Ib/lb




Weaning Weight of Offspring (1 year of data)

Frame Score

Item

Weaning weight of heifer
calves, |b

Weaning weight of steer
calves, |b

Weaning weight of heifer
calves, % of dam weight

Weaning weight of steer
calves, % of dam weight




Average ribeye area of heifers during test (2 year of data)

Frame Score

Item

Ribeye area, inches?

Ribeye area, inches2/100 Ib




Birth Weight of Offspring (1 year of data)

Frame Score

Item
3

Birth weight of heifer calves, 63.7
Ib

Birth weight of steer calves, |b 65.7

Birth weight of heifer calves, % 9.3
of dam weight at breeding

Birth weight of steer calves, % 10.0
of dam weight at breeding




Fig. 3: Avg. genetic trend, by birth year, for birth weight (BW),
yearling weight (YW) and mature weight (MW)
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Source: American Angus Association database.

Select for gain:feed and % of calf weaned per cow BW while keeping birthweight stable?

http://www.angusbeefbulletin.com/extra/2013/03mar13/0313fp_association_perspective.html#.WZX-kumQy70
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Factors Body Composition

] 5%
Influencing Feeding Patterns

Feed 2%
Efficiency?

Protein Turnover,
Tissue Metabolism,
and Stress

37%

*Much to be
learned here!

Digestibility Heat Increment
10% of Fermentation
9%

Richardson & Herd, 2004




Summary of Findings: Gain to Feed

Heifers Steers

® Year, 9%

O Body composition, 7% B Body composition, 20%
B Feeding behavior, 28%

& Animal size, 15%

H Blood metabolites, 2 %

B Other, 35%

B Feeding behavior, 12%

B Animal size, 16%

HBlood metabolites, 2 %
B Other, 54%

- Gestation length, 18%
= Calf parameters, 16%
= Feeding behavior, 16%

# Animal size, 15%
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H Blood metabolites, 3%

B Other, 32%

Fontoura Thesis, 2017




What else are we measuring to better
understand feed efficiency?

Body measurements (hl_p height, girths, width)
BOdy com pOS |t| on :; | | '

Feeding behavior e

Blood metabolites -

Examining many different measures of
efficiency (including longevity measures)
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