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How to stop cows burping is the new field work on
climate change

THE TIMES Tuesday July 10 2007

News | 3

How to stop cows burping is the

new field

Lewis Smith Environment Reporter

‘They have become the fashionable tar-

get for environmentalists, but four-

wheel-drive vehicles may

lessdamaging to theen-
it than the

S e
Sential to the fural
economy.

The methane emis-
sions from both ends of
caltle and sheep are caus-
ing so much concern in gov-
ernment that it has ordered re-
searches o find ways to cut down

the emissions from livestock,
which fccount for about a quarter of
the methane — a greenhouse gas 20
times more powerful at driving global
warming than carbon
pumped into the atmosphere in Brit-
ain. Each day every one of Britain’s 10
million cows pumps out an estimated
100-200 litres of methane.

This s the equivalent of up to 4,000
grams ofcarbon mmm and compares
with the 3419 of carbon_dioxide
punped out b o and Rover Fecland-
eronan average day’s drve of 3 mies
United Nations Food and
Agricuture Organisation predicting
that methane emissions from livestock
could increase by as 60 per cent by

the issue is being treated with
some urgency

Scientists attempting to find ni
foads for cati have aeady exploded
the myth that most bovine emissions

being made by researchers as part of a
sovemment bicked project

A study in New Zealand suggested
that the methane outpat could b
duced by up to 50 per cent and small-

prevented from seltng nto the atmos.
phere. A Department for Enivonment,
Faod and Rural Aftairs spokesman
said: “Recent research suggests that
ubstantl methane redictions could
by changes to feed re-
gimes n farm anim
“Improving the longevity of dairy
may aiso result in decreased
methane production as a result of a e-
duction in the total number of animals
Recdd 16 protuce the same quantity
o
He added that in the longer term
the department wes also looking at
ibility of reducing methane
from livestock by genetically engineer-
ing the digestive system.
10w being sealed in poly:
wunnels in field experiments to find
oul if the results of laboratory tests
can be matched outdoors. They were
chasen in place of cows because they
eable

for research, Mass spectrometers a
Ise the i in the polytuniels bef

the sheep eat and the fug ards
when they have digested their food

e ey 10 recocing the methane
from livestock is, researchers believe,
to make the diet of the cattle and
sheep more easily digestible.

Michael Abberton, of the In\n\ulv
of Grassland and Environmental Re
search in Aberystwyth, sai ryc grass
with a high sugar content, white clo-
ver and bird's-foot trefoil a traditional
meadow flower also known as “bacon
and eges”,all show promise, “Contrary

<&

to_popular myth_the methane
comes mainly from _belching
Tather than from the other end,
e said yesterday. “We know the
diet of the animal does have an
impact_on the methane emis- 4
sions. There are a range of ap
proaches we can take.

e are for example. working
on high-sugar rye which
ore dcsigne o increase
fectiveness of the ;uuun in \M,
the animal's gut”

Particular cffort is being put into
investigating how bird’s-foot_trefoil
can be made to grow more abundantly
in_ pastureland as the tannin it
contains is thought to be especially
reducing emissions.
hanisms within @ _rumi-
nant's stomach that produce methane
are not fully understood, but the scien=
tists believe that f they make the foo
more digestible it wil reduce the quan-

The equivalent
grams of carbon
dioxide emitted by
a cow producing
an estimated
100-200 litres of
methane

aday

tity of methane produced by mic-
robes in the gu

High-sugar rye grass is already
on the market, said Dr Abberton,
and has improved milk and meat
yield from cattle, but new strains
of grass and clover are under de-
velopment to make them more
5 Jx;mlhh to reduce the m.mn

fed to g0 Lo the expense
S introdacing new Strains

*The £750,000 project, led by the
University of Wales, Abm'\‘l\\)ﬂ\ will
run for three years and will also consid-
er how emissions of nitrogen, another
greenhouse gas, can be reduced in
livestock. Agriculture accounts for 37
per cent of methane and 67 per cent of
nitrous oxide emissions in Britain.
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work on climate change

The carbon dioxide pumped out by a Land Rover
on an average day’s drive of 33 miles
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““FromThe Times
‘October 27, 2009

cl

Climate chief Lord Stern: give up meatto
save the planet

the sheep eat and the fug afterwards
when they have ed their food

The key to reducing the methane
from livestock is, researchers belie
to make the diet of the cattle and
sheep more easily digestible

Michaci Abberton, of the Institute
of Grassland and Environmental Re-
search in Aberystwyth, said rye grass
with a bigh sugar content, white clo-
ver and bird's-foot trefoil a traditio
meadow flower also known as “bacon
and eggs”, all show promise. “Contrary

ve

are Gesigned 10 mcrease wie e
fectiveness of the proc
the anim

)

icular effort is being put into
vestigating how  bird's-foot trefc
n b ad grow more abundantly
in pastureland as the tannin it
is thought to be especially
helpful in reducing emissions

l'he mechanisms within a rumi-
nant’s stomach that produce methane
are not fully understood, but the scien=
tists bel that if they make the food
more digestible it will reduce the quan-

"
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The equivalent
grams of carbon
dioxide emitted by

100-200 litres of
methane a day

additional adv
to be persuaded to g
of introducing new strains.
he £750,000 project, led by the
University of Wales, Aberystw
run for three years and will also con:
er how emissions of nitrogen, another
greenhouse gas, can be reduced in
livestock. Agriculture accounts for 37
per cent of methane and 67 per cent of
nitrous oxide emissions in Britain.
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From The Times

““FromThe Time:

areeer el National Vegetarian Week
cl S8

- Cl | mate Help make a difference this Vegetarian week l.t tO )

by swapping one of your regular meals for

Save th‘ one of our Vegetarian alternatives.

The average vegetarian diet will not only achieve but
exceed the recommended 5 a day!

m Cows & Sheep are responsible for 37% of the total e

methane generated by human activity!
!

4
-
“" -

-
@

¥t Livestock production is responsible for 70% of the
iy § Amazon deforestation in Latin America!

NATIONAL
EGETARIAN
WEEK

-

The average vegetarian is leaner than non-vegetarians
and their weight is generally closer to desirable levels!

Due to over fishing 25% of all the world's fish stocks
are either overexploited or depleted!

g gas
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Ruminant Nutrition
and the Environment

1.
2.

. Phosphorus i1 eutro
. Manure — all of the above +

Methane T green house gas (GHG)
Nitrogen T nitrates, N,O (GHG), NH,

- eutrophication, air ©

uality

ohication



B
Methane Energy Loss
- $$$ and GHG €

* Per molecule methane ~25 x
global warming effect of CO2

* \Waste of feed energy — 2 to 12 %

eConcern for t he
of milk, beef and lamb

CO¢
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No Process is 100% Efficient!! "=

Bill Weiss, The Ohio State University
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Ruminants and Greenhouse
Gasses a ‘ Hco

_Greenhouse Gases and
Animal Agriculture Conference

5 d October
_— ‘ 2010 Banff « Canada
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THE ESTIMATION OF METHANE PRODUCTION @ UnlverSItyof
Reading

BY CATTLE !
I a u | JOHN W. BRATZLER AND E. B. FORBES De

Institute of Animal Nutrition, Pennsylvania State College,
State College, Pennsylvania

G &
ONE FIGURE

(Received for publication February 10, 1940)

In connection with measures of nutritive values of foods
and nutritive requirements of animals of different species,
a factor of some importance is the fermentative activity
normally present within the ruminant alimentary tract,
especially as this bacterial metabolism involves losses of
energy value in the forms of heat and methane, and gains
in both protein and energy values by virtue of the capacity
of the bacteria to render digestible non-nitrogenous products
otherwise not digestible by the host, and to synthesize protein
from non-protein nitrogen.

In the course of the researches of this laboratory, since

1902, many measurements of methane production by cattle
have been made, always by the same procedure, in which
the methane in an accurately measured aliquot of the outgoing
air from a respiration calorimeter was burned to carbon
dioxide and water; and the variations observed in these
measurements indicate that determinations of methane pro-
duction, by cattle, of an accuracy sufficient for research

11
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BY CATTLE !
I z u | JOHN W. BRATZLER AND E. B. FORBES D) e

Institute of Animal Nutrition, Pennsylvania State College,
State College, Pennsylvania

(S ¢ — e

Methane Production in Dairy Cows

P.W.MQOE andH. F. TYRRELL

US Department of Agricuiture
Science and Education Administration
Agricultural Research

Animal Science Institute

Ruminant Nutrition Laboratory
Beltsville, MD 20705

ABSTRACT diets. Our objective was to identify the rela-
tionship between dietary carbohydrate and
methane production in cattle ingesting diets at
a substantially greater range of intake than in
the studies cited.

The relationship among diet composi-
tion, intake, and methane production was
investigated with data during 404 total
energy balance trials with Holstein cows.

the methane in an accurately measured aliquot of the outgoing
air from a respiration calorimeter was burned to carbon
dioxide and water; and the variations observed in these
measurements indicate that determinations of methane pro-
duction, by cattle, of an accuracy sufficient for research

=




THE ESTIMATION OF METHANE PRODUCTION @ UmverSItyof
BY CATTLE ! Reading

I t u | JOHN W. BRATZLER AND E. B. FORBES D( E

Institute of Animal Nutrition, Pennsylvania State College,
State College, Pennsylvania

(~ ~ £ '|

Nutritional Factors for the
Quantification of
Methane Production

M. Kirchgefdner, W. Windisch, and H. L. Miiller
[nstitut fir Erndhrungsphysiologie

Technische Universitit Miinchen-Weihenstephan

Freising, Germany

air from a respiration calorimeter was burned to carbon
dioxide and water; and the variations observed in these
measurements indicate that determinations of methane pro-

duction, by cattle, of an accuracy sufficient for research
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Methane Energy Loss

§

OMS. OF METHANE
g

Lo L5 10 2.5 30 b ¥ ) 4.0 a5 10 55 o
K&5. OF CARBONYDRATE DIGLSTED

Fig.1 Methane production in relation to digested carbohydrate.

Bratzler and Forbes, 1940.
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Nitrogen and Methane B3 Reading
Excretion Studies at Reading

Respiration calorimeters and
digestion trials



Methane Energy Loss

Methane (MJ/d)
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Where Does Methane Come From? ¥ Reading

. Acetate
W Rumen fermentation
yields H, Butyrate
w Methanogenesisis a Propionate
sink for H
2 Valerate

d CO, reduced to

Microbial growth

CH4 with amino acids
W Fermentation also . .
Microbial growth 2

occurs in hind gut T
and in manure e
Hydrogenation
H. Source unsaturated fatty acids
2
Methane EXCESS
H, Sink CO + 4H- CH +2HO

Zero pool scheme




Rumen CH,: 3 causal factors

1. Chemical composition & degradation characteristics

feed intake
Organic

2. Microbial growth (efficiency)

e iMicro- Ii
aar‘f;,lns‘ ‘

o

=2

3. Type VFA
flon(substrate type, pH)

absorption

ANIMAL SCIENCES GROUP NDF quality & methane
iy WAGENINGEN [NEH A. Bannink




Dietary Composition and B Rending
Methane Production

w Mills et al. 2003 ¢ Reduce methane production by
O Increasing Starch:ADF ratio
O Less sugars versus starch
0 Replace grass silage with maize silage

w Fibre digestion leads to excess hydrogen and
hence methane

w Forage quality (digestibility) important

w Consider Starch:ADF ratio as an indicator



DMI vs. Methane

Mitscherlich model modified for starch : ADF ratio
Mills et al., 2003.

Mitscherlich (monomolecular) model

y=a-(at+b)e*
£ where -

A = maximum methane

........
- il e
e e
e
i

D = minimum methane

Methane

C = Starch : ADF ratio
x= DM intake

Starch : ADF ratio °



DMI vs. Methane

Modified for very high starch diets
Mills et al., 2009.

Methane, MJ/d

0.25

0.1 Dry Matter Intake, kg/d
Starch : ADF



CH,: differences between substrates
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Dietary Composition and B Rending
Methane Production

w Moe and Tyrrell, 1979

0 Methane best predicted by amounts of NFC,
hemicellulose, and cellulose digested

O Effects greater in lactating than dry cows
O Little effect of protein or ether extract (fat)

w Kirchgessner et al., 1995.
0 Methane best predicted by intake of crude fibre
O Little effect of crude protein
0 Negative effect of ether extract
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Methane Energy Loss

Methane/Gross energy intake (%)

2 T I
0 10 20 30

Dry matter intake (kg/d) Mills et al., 2009. ,
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Methane Emission and DM B Reading
Digestion in Dry and Lactating C
Dairy Cows Fed The Same Diet ‘@~

| Dy | Lacaing

CH4, L/d 196 509
CH4, % of IE 7.47 5.64
CH4, L/kg DMI 35.1 27.2
DM Digested, % 72.0 64.5

Tyrrell et al., 1990..,



B Rending
Study of the Effects of Forage Typeg
and Diet Protein Level

Forage Type:
- Maize vs grass silage in varying proportions:
- 25:75 or 75:25 (DM basis)
- similar concentrate carbohydrates
- equal starch levels (source differed)

Protein Level:
- 3 Levels of dietary protein supply:
- 14, 16, 18 % diet crude protein
- 85, 100, 115% of MP requirement



Effects of Forage Type and
Diet Protein Level

@ University of
Reading

Maize Silage Grass Silage
CP...... 14% 16% 18% 14% 16% 18%
Diet CP, % 145 16.8 187 146 163 189
DMI, kg/d*- @ 219 223 231 198 214 198
DM digested, %*2 69.7 71.3 723 706 729 739
Milk yield, kg/d 32.2 328 335 309 313 324

XxForage effect; ?Protein effect.

DEFRA Project AC0209



Effect of Forage Type and ¥ reading

Diet Protein Level

Maize Silage Grass Silage
CP...... 14% 16% 18% 14% 16% 18%
Methane, L/d 636 671 653 643 650 660
L/kg DMI* 28.4 28.9 28.1 32.9 31.8 33.4
MJ/MJ Milk* 0.249 0.250 0.255 0.267 0.284  0.252
L/kg Milk* 19.8 19.7 19.9 20.9 22.3 19.9
% of IE* 5.97 6.03 5.94 6.98 6.73 7.09
N20, mg N/d -99 -88 -97 -102 -43 -59

*Forage effect.

DEFRA Project AC0209



B3 Reading
Effect of Forage Type on Methane
Production by Lactating Dairy Cows

40
30
20 87%
10
0 .
CH4, L/kg DMI
O Maize B Grass

DEFRA Project AC0209
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Methane Emission By Finishing * Reading
Beef Cattle Fed Maize Silage of ¢
Increasing Maturity ‘g,«

_ Maize Maturity

I 1 1] |V
CH4, g/d 301 304 301 284
CH4, g/kg DMI*  29.4 25.8 27.7  26.2
Starch, g/kg DM* 313 350 364 368
NDF, g/kg DM* 408 385 373 368

*xMaturity effect. Mc Geough et al., 203%_0.



Comparison to observations, example 3

7.0
6.8 T—
6.6 —0 8 —
6.4 T——M

6.2 ——
6.0 ——

5.81—

5.6 B B B B
5.41

5.2 +—=—=& . S

CH4
as % GE intake

stage of maturity herbage

W = Grass herbage, Bannink et al., 2010 = Pinares-Patino et al., 2003

ANIMAL SCIENCES GROUP NDF quality & methane

Sy WAGENINGE N [NEN A. Bannink
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Methane Energy Loss

10

Methane/gross energy intake (%)

] ] ] ] ] ]
0 20 40 &0 80 100 120 140
Dietary ether extract (g/kg DM)

Mills et al., 2009. .,



Supplemental Fat and Methane * Reading

e Supplemental fats reduce methane per unit
feed DMI
o0 Supply energy that does not contribute to methanogenesis
« Polyunsaturated fats and saturated medium
chain fatty acids (MCFA) are particularly
effective at reducing methane

e Unsaturated fats ‘fmop L
fibre digestion

« MCFA may have less adverse effects on diet
digestibility, whilst still reducing methane

0 negative effects on DMI?



Methane Energy Loss

CH4/ DMI (% of control)
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Lipid supplementation (% of diet DM)

@ Unlver5|ty of
Reading

Main fatty acids of the lipid source
A medium chain (C12:0, C14:0)

O palmitic (C16:0) or stearic (C18:0)
A oleic (C18:1)
@ linoleic (C18:2)
linolenic (C18:3)
+ other

Martin et al., 20009.

34
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Dietary Additives

« Organic dicarboxylic acids

0 Aspartate, malate and fumarate

0 Potential propionate precursors

0 Compete for available H, pool

0 Large dose required for relatively small effect?
e Low rumen pH
* Unpalatable

0 Effects in sheep not repeated in dairy cows

* Nitrites, sulfites, chloral hydrocarbons, etc.
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Methane Inhibition in Sheep

TABLE 2. PERFORMANCE CF LAMERS FOR
90 DAYS ON TRIAL

E‘, HCS;’I{g ration

Item Basal 0.5 1.0 2.0
No. lambs 71 54 54 53
Avg daily

gain (kg 0.205 0.211  0.215% ©0.212%
Avg dailv

feed (kg) 1.65 1.64 1.62  1.39
Feed/kp

gain (kg 8.06 7.78 7.53%  7.40%

* P05 when compared to the basal.

- Hemiacetyl of chloral and starch Trei al., 1972. -
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Methane Inhibition in Sheep

TABLE 2. PERFORMANCE CF LAMERS FOR

TABLE 6. RUMEN GAS COMPOSITION AND AMMONIA NITROGEN CONCENTRATION *

Volume % gas Mg 95 rumen
supernatant
Treatment CO: CH, H: NH.N

Basal 73.6%=1.7 26.4% 1.7 0 22.2%7.7
+.5 g/kg 74.8%5.4 19.47%+ 5.0 6.3 9,2 15.0%6.6
+1.0g/ke 72.8%5.6 16.0%12.2 11.6=16.4 18.3%7.0
+2.0g/kg 67.5+4.4 12.1% 5.1 21.0* 9.1 13.5+6.6
= Samples obtained 3 hr. after feeding at the termination of the 90-day trial, Mean of four lambs=-standard errcr.
gam (kg 0. 205 0.211 0.215" 0.2127
Avg dailv
feed (kg) 1.65 1.64 1.62 1.59
Feed/ke
gain (kg 8.06 7.78 7.53%  7.40%
* P03 when compared to the basal.
- Hemiacetyl of chloral and starch Trei al., 1972.
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Feed Additives

w Plant extracts

0 Tannins
wAnti-methanogen effect
wlnhibition of fibre degradati
0 Saponins
wAnNti-nutritional factor

wDefaunation action
W Extensive screening programs for bioactive plant
O2YLRYySyida 0KFd WAYLINROYSQO

w lonophores and other antimicrobials
0 Adaptation?



Nitrogen Inputs and Outputs

N INTAKE
503 g/day

®

iIn Dairy Cows

T

MILK N

28%

URINE N

37%

~J

FAECAL N
33%

39



The Nitrogen Cycle

Purchased
feed Milk (and meat) | 725%
l~75%
Crops Manure
_
~50%
N fixation Fertiliser

Nicae Jif NO.

J. Moorby, 2008

~50%



Milk N/Intake N versus N Intake
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Efficiency of Dietary N Utilization
for Milk Protein Production

% Milk N as a Percentage of N Intake
40
129% 114% 100%
30
20
10
0 .
14% CP 16% CP 18% CP
[JMaize B Grass

DEFRA Project AC0209 — N intakes lower for grass-based ration



Varying NDF quality in grass diets

18 kg DM/d (90% grass & 10% concentrates) |

22.01 18.0
20.01 16.0
>
3 180 Q 14.0
(@) LL
= o
< 16.0; X 12,0
5 ¥
o 14.0- O 10.0
(@)}
12.0; 8.0
« 6.0- - —
GH GS-EC GS-LC GH GS-EC GS-LC
GH = grass herbage; GS = grass silage Bannink et al., 2010
EC = early cut; LC = late cut
W = high N-fertilization = low N-fertilization

ANIMAL SCIENCES GROUP NDF quality & methane

T WAGENINGE N [ENE A. Bannink



Reducing Greenhouse Gasses

 Methane — numerous dietary approaches
show promise

— Dietary carbohydrate has a major effect
« Starch:ADF ratio as an indicator

— Numerous supplements/additives

« Reductions observed in sheep typically not
realized in lactating dairy cows

e Nitrates, nitrous oxide and ammonia

— Feed less protein — how low can we go?
e Optimizing amino acid absorption?
 Effects of fermentable and metabolizable energy



BB Resdin
Future Perspectives

 How can we improve efficiency in ruminant
milk and meat production systems and limit
environmental impacts?

Ol mprovements in genetics, nutr.i
« e.g. feed additives, selection indices, etc.
o0 Adoption of best practice in feeding and management

e System approaches and assessments

O The roles of ‘extensive’ and ‘i
0 Must consider wider impacts of specific mitigation options

0 Exploiting the virtues of ruminants and grasslands
45
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