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General Description of Rumen Fermentation and Methane Production
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US Greenhouse Gas Emissions from Agriculture

Total U.S. Greenhouse Gas Emissions US GHG Emissions from Ag.
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Table 5. Resource use and greenhouse gas emissions from U.S. dairy production in 2007 and 2017 per 1.0 MMT (million metric tonnes) of
saleable energy-corrected milk

2007 2017 2017 as a percentage of 2007

Resource use
Total feedstuffs?, kg 100 - 1n8 157« 108
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GHG from manure application, kg CO,-eq 477 = 107 3.93 < 107 82.5
GHG from transport?, kg CO_-eq 741 = 10¢ 8.30 = 10¢ 112
Total GHG*, kg CO,-eq 2.10 = 10° 1.70 = 10° 80.8
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Figure 2. Greenhouse gases (CO,-eq) per kilogram of milk in original 1944 vs.
2007 comparison (Capper et al., 2009) compared to the current 2007 vs. 2017
comparison with global warming potential values for methane set at 28 (IPCC,

2006) and 34 (IPCC, 2013). Capper and Cady, 2020



Nutritional contributions and noi€CQ greenhouse gas emissions from human
iInedible byproduct feeds consumed by dairy cows in the United States

Highlights

L

Byproduct feeds are residues generated from

processing agricultural raw materials.

On average, 8.2 kg dry matter of byproducts are

consumed per US milking cow daily.

Byproducts replace forages and grains, reducing

crop production needs.

Byproducts supply 37% of energy and 54% of

protein fed to lactating cows.

Dairy cows recycle nutrients from byproducts

with minimal changes to GHG emissions.

De Ondarza and Tricarico, J. Cleaner Production, 2015

Approximately 30% of US dairy cattle
diets are comprised of byproducts of th
human food chain

Van Amburgh et al., 2019



Cow/Farm Level Factors to Reduce Methane

There are three primary strategies

A Animal and Feed Managemeafeed processing, feeding level,
forage quality, genetic selection

A Diet Formulatiorg use of byproducts, using more ndéorage feeds,
minerals and salts, oilseeds, tannins, urea

A Rumen Manipulatiorr additives, rumen modifiers, things to kill protozoa
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Predicted CH, emissions vs milk yield

25.0 30.0 35.0 40.0 45.0 50.0 55.0
Milk Yield (kg)

CH, (kg/d) = 0.004 x milk yield (kg/d) + 0.43 (R2 = 0.75; RMSE = 0.02 kg/d)



Predicted CH, emissions per kg of milk versus milk yield
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kg CH,/ kg milk
-
=
W
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Milk Yield (kg/day)

kg CH,/Kg milk = -0.0003 T milk yield (kg/d) + 0.03; (R2= 0.89; RMSE = 0.0005 kg CH,/ kg milk.



MILKING IT

The largest organic dairy company

says it wants to go beyond carbon | |
neutral What they list as options:

More efficient energy use

Soil health

Additives that reduce methane
(seaweed)

AOrgani coO means mor
which results in more carbon
sequestration

Selection of cows/genetics that are more
efficient at retaining C 1T less methane
emissions

https://qz.com/1812755/horizon-organic-dairy-says-it-

wants-to-go-beyond-carbon-neutral/
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Cow/Farm Level Factors to Reduce Methgne
mostly Intensity

AOptimize milk production per unit of feed intake

A2y QU 20SNONRSR RFEANE oF NV a
ARaise only as many heifers as you need to replace your herd
AExtend lactations by up to 60 days on first lactation animals

AFeed higher digestibility forages (up to 24% reduction in
Intensity)

AFeed less foragebut this is a bad idea in high producing cows
AFeed MonensirRumensirto the lactating and closap cows

12



Forage digestibility
ACellulose digestion is responsible for the greatest amount of methane

production (correlation + 0.58)

AThe relationship between hemicellulose and methane production is
negative {0.57)

AHigher digestibility forages have lower cell wall content, meaning less
cellulose and hemicellulose

AHigher digestibility forages have more nroell wall components that are
more highly digestible with low methane yield

AThere is a tension between forage yield and digestibility due to land
availability, number of cows per acre, and other factors

AAlfalfa vs grass less methane with alfalfa but also less digestibility

13



Current Feed Additives That Reduce Enteric Methane

AMonensin/Rumensirg the reduction in enteric methane when feedin
Rumensins approximately 5% (NASEM, 2021, Marumo et al., 2023%

A;I_'his needs further work on cows at lower feeding rates for longer periods o
ime

AEssential oil products likgoling Data to data suggest about an 11% reduction
In Intensity, butno significant effect on methane reduction

ASeaweed can reduce methane significantly (20% to 80%) through the active
Ingredient, bromoforms (bromine containing substancesgaling Is an issue
and might offset methane reductions

A Not fully approved and has the potential to be toxic and contaminate milk

ALipi

dsg¢ some fatty acids can be toxic to protozoa who are large H+ producers

and to some of the methanogens

Ab A
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ma

KINng ammonia, but nitrates can be toxic and are difficult to manage dietarily
at this point

ATannins; soluble phenolic compounds which are generally-antritional in
nature and bind proteing impact methanogens and protozoa
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Symposium review: Effective nutritional strategies to mitigate
enteric methane in dairy cattle
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Potential feed additives, ingredients and tannin containing feeds
to reduce enteric methane

Mitigation strategy n°
Daily CH g/d
Inhibitors 23
Electron sinks 54
Oils and fats 63

Tanniferoudorages 42

Mean effect 95% Ci

bop ®H
bEmT OmM™m
bMgpdp
EMMDC

obnn®n T <0.001
ObHNn ®mT <0.001
ObHO®Dc T <0.001
ObmMc ®&mT <0.001

Pvalue |1 ©

76.9
70.6
96.0
86.0

1 Adapted from Arndt et al. (2022).

2 n = number of treatment comparisons.
3 Decrease from control (%).

4 Lower and upper 95% CI (%).

5 P-value for the mitigation effect.

6 Heterogeneity statistic (%).
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Methane, g/kg DMI

3-NOP¢ trade nameBovaerfrom DSM- Not yet approved in the US
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Figure 2
—1 3-NOP
P < 0.001
L P < 0.001
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Experimental phase

Journal of Dairy Science 2022 1058543-8557DOI: (10.3168/jds.2021-21398)
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In experimental phase 1, treatment
cows received 3-NOP at 60 mg/kg
of DMI for 15 wk, and data shown in
graph are from experimental wk 15.
In phase 2, control cows from
phase 1 received 3-NOP at 60
mg/kg of DMI for 3 wk, and
methane emissions were measured
during wk 3. Cows receiving 3-NOP
in phase 1 were control cows in
phase 2.
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