
Key points 
• Greenhouse gas emissions are highest per kg of milk 

solids when cows are fed poor quality diets
• High quality, high digestibility feed will maximise milk 

production and minimise greenhouse gas emissions 
per kg of milk solids.

Key recommendations
• Monitor and supplement diets to ensure nutritional 

requirements are met when pasture quality is low 
• Use low protein, high energy supplements when 

pastures are high in nitrogen to improve milk 
WYVK\J[PVU�LѝJPLUJ �̀�H]VPK�L_JLZZP]L�KPL[HY`�UP[YVNLU�
and minimise nitrous oxide emissions

• Include fats and oils as feed supplements to increase 
milk production if dietary fat levels are below 2-3%, to 
reduce methane emissions and potentially generate 
income through the Emissions Reduction Fund.

Excess nitrogen in the diet leads to nitrogen losses from 
animal wastes, a small fraction of which is converted to nitrous 
V_PKL��0U�IV[O�JHZLZ��KPL[�X\HSP[`�OHZ�H�ZPNUPÄJHU[�LќLJ[�VU�[OL�
SL]LS�VM�LTPZZPVUZ��;OL�TVZ[�LќLJ[P]L�TP[PNH[PVU�VW[PVUZ�HYL�
those that improve diet quality by matching feed intake with 
dietary requirements. 
(SVUNZPKL�[OL�WYVK\J[P]P[`�ILULÄ[Z�VM�YLK\JPUN�LTPZZPVUZ��P[�PZ�
possible that farmers will in the future be able to gain income 
through ‘carbon farming’. At this stage feeding oils (as 
described below) is the only Emissions Reduction Fund 
methodology related to dietary management. However with 
the carbon price likely to be low in the short- to medium-term, 
any ERF income is likely to be only a small percentage of a 
MHYT»Z�`LHYS`�VWLYH[PUN�WYVÄ[��-VY�[OPZ�YLHZVU�HU`�JOHUNLZ�PU�
KPL[�THUHNLTLU[�T\Z[�IL�WYVÄ[HISL�PU�[OLPY�V^U�YPNO[��^P[O�
the emissions reductions and ERF income as additional 
ILULÄ[Z��
;OL�KPќLYLUJL�PU�LTPZZPVUZ�IL[^LLU�]HYPV\Z�KHPY`�Z`Z[LTZ�
OPNOSPNO[Z�[OL�VWWVY[\UP[`�[V�YLK\JL�[OPZ�PULѝJPLUJ �̀�;OL�TVZ[�
LѝJPLU[�KHPY`�Z`Z[LTZ�^PSS�TPUPTPZL�NYLLUOV\ZL�NHZ�LTPZZPVUZ�
per unit of milk solids. Applying best practice management for 
JV^�U\[YP[PVU�^PSS�YLK\JL�LTPZZPVUZ�PU[LUZP[ �̀�PTWYV]L�LѝJPLUJ`�
HUK�PUJYLHZL�WYVÄ[HIPSP[ �̀

Profitable dairy farming: 
Good business management reduces greenhouse gases
4HUHNPUN�KPL[�HUK�WHZ[\YL�[V�PUJYLHZL�WYVÄ[�HUK�YLK\JL�LTPZZPVUZ

Why manage emissions through  
diet and pasture? 
.YLLUOV\ZL�NHZ�LTPZZPVUZ�YLWYLZLU[�HU�PULѝJPLUJ`�PU�KHPY`�
systems. The loss of methane and nitrous oxide gases into the 
atmosphere means either that energy and nitrogen which 
could otherwise be directed towards production are being 
lost, or that inputs (and costs) are exceeding what the system 
requires. Some level of emissions is inevitable, but there are 
many opportunities within a typical dairy system to reduce 
NYLLUOV\ZL�NHZLZ�HUK�HJOPL]L�LѝJPLUJ`�NHPUZ�
The energy lost as enteric methane from a lactating dairy cow 
is the equivalent to 25 to 40 grazing days per year, or up to 
10% of gross energy intake. 



What does the research say?

High quality pasture and forages will reduce energy  
lost as methane
The rumen microbes responsible for producing methane thrive 
VU�OPNO�ÄIYL�KPL[Z��/PNO�ÄIYL��SV^�KPNLZ[PIPSP[`�MLLKZ�¶�Z\JO�HZ�
OH �̀�TH[\YL�WHZ[\YL�HUK�*��NYHZZLZ�¶�^PSS�YLZ\S[�PU�NYLH[LY�
TL[OHUL�LTPZZPVUZ�[OHU�MVYHNLZ�HUK�WHZ[\YL�^P[O�SV^LY�ÄIYL�
HUK�OPNOLY�ZVS\ISL�JHYIVO`KYH[LZ�¶�Z\JO�HZ�SLZZ�TH[\YL�
pastures, cereal grains, C3 grasses and legumes. 
Increasing the grain content of the diet is an option for 
reducing methane emissions, as grain increases soluble 
JHYIVO`KYH[L�HUK�WYVWVY[PVUH[LS`�YLK\JLZ�ÄIYL�PU[HRL�HUK�
therefore the proportion of energy converted to methane. 
Grain feeding can also reduce nitrous oxide emissions (see 
section on next page on energy-to-protein ratio) however this 
Z[YH[LN`�TH`�PUJYLHZL�Vќ�MHYT�[YHUZWVY[�LTPZZPVUZ���
Higher digestibility increases both voluntary intake and the 
rate of passage through the digestive system, so that 
KPNLZ[PVU�PZ�TVYL�LULYNL[PJHSS`�LѝJPLU[�HUK�SLZZ�LULYN`�PZ�
diverted to methane production.
Overall improvements in diet quality will lead to more milk per 
unit of feed and lower emissions per unit of milk solids

High-fat feeds will reduce methane and potentially 
provide ERF income
Another key dietary strategy for reducing methane emissions 
is through feeding high-fat supplements. Research has shown 
that for every 1% extra oil added to the diet of livestock in 
summer and autumn when pasture quality is low, enteric 
methane can be reduced by 3.5% (Moate et al., 2011). 
Increased dietary fat suppresses the activity of the methane-
producing microbes in the rumen. High fat supplements 
suitable for dairy cows include canola meal, cold-pressed 
canola meal, brewers grain, hominy meal and dried distillers 
grain. As they are by-products of other agricultural industries, 
little or no added emissions are produced through their use as 
supplementary feed in dairy systems.
In addition to reducing methane, high-fat supplements will 
also increase milk production if they are adding new energy to 
the diet. However as feed intake and milk production are both 
suppressed when dietary fat exceeds 6-7%, high-fat 
supplements should only be used when pasture quality (and 
therefore natural grass oils) are low. In southern dairy systems, 
the response to dietary oil supplementation will be highest in 
summer, when oil levels in grass are about 1%.The ERF 
WYV]PKLZ�H�ÄUHUJPHS�PUJLU[P]L�MVY�KHPY`�MHYTLYZ�[V�YLK\JL�
TL[OHUL�LTPZZPVUZ�[OYV\NO�MLLKPUN�VM�ZWLJPÄJ�OPNO�MH[�
supplements. The comparative contributions of increased 
WYVK\J[PVU�HUK�,9-�PUJVTL�[V�WYVÄ[HIPSP[`�HYL�OPNOSPNO[LK�PU�
the modelled calculations below. In this example, when a high 
oil supplement was used at a $5 / tonne carbon price, 98% of 
[OL�WYVÄ[�PUJYLHZL�JHTL�MYVT�L_[YH�TPSR�WYVK\J[PVU�HUK����
from the ERF payment. At a $20 / tonne carbon price the ERF 
JVU[YPI\[PVU�[V�WYVÄ[�YVZL�[V� ��

Optimal energy-to-protein ratio will minimise  
nitrogen loss
Balancing dairy cow nutrition in terms of protein and energy 
HSZV�VќLYZ�HU�VWWVY[\UP[`�[V�YLK\JL�LTPZZPVUZ� 
¶�PU�[OPZ�JHZL��[OL�UP[YV\Z�V_PKL�LTPZZPVUZ�[OH[�YLZ\S[�MYVT�
excess dietary nitrogen. 
Dairy cows are poor converters of dietary nitrogen to milk, with 
most excess nitrogen excreted in urine as urea, and then lost 
to the environment as nitrous oxide, ammonia gas or through 
leaching. At various times of the year pasture protein is in 
surplus while energy is limited, leading to excess nitrogen 
intake. High protein feeds, on which cows will ingest high 
levels of nitrogen, include lush spring and autumn pastures, 
and silage made from these.
Feed management options for matching nitrogen intake with 
dietary requirements include replacing pasture silage with 
maize or cereal silage, supplementing with grain (wheat, barley 
and maize have high metabolisable energy and low nitrogen 
contents); or selecting a pasture species with higher energy-
to-protein ratio so that the additional energy can be converted 
PU[V�HKKP[PVUHS�TPSR��;PTPUN�VM�NYHaPUN�PZ�HSZV�PTWVY[HU[�¶�
grazing pastures at three-leaf emergence stage, when energy-
to-protein ratio is highest, will reduce nitrogen loss in urine and 
therefore nitrous oxide emissions. 
/V^L]LY�[OLYL�JHU�IL�SHYNL�JVZ[�KPќLYLUJLZ�HUK�LX\PWTLU[�
ULLKZ�MVY�KPќLYLU[�ZPSHNLZ�HUK�Z\WWSLTLU[HY`�MLLKZ��ZV�JVZ[�
and management implications need to be taken in account 
when replacing one with another.  Also, as discussed above, 
any changes that reduce overall diet quality can lead to 
reduced milk production and increased methane emissions 
per unit of milk solids.



What will it mean for emissions and profit?
;OL�MVSSV^PUN�ÄN\YLZ�TVKLS�[OL�PTWHJ[Z�VM�PUJYLHZPUN�[OL�SL]LS�
of dietary fat via supplements in a typical dairy farm system, 
L_WSHPUPUN�[OL�SPRLS`�LќLJ[Z�VU�LTPZZPVUZ�HUK�WYVÄ[��

Farm: 400-cow milking herd 

Baseline diet: 2.6% dietary fat with grain 
supplementation

New feed 
strategy: 

grain replaced with hominy meal at a 
rate of 5.0 kg dry matter/ cow / day 
for 90 days during the three summer 
months; 6.4% dietary fat 
concentration

Emissions 
reduction: 

enteric methane reduced by 40 
tonnes of carbon dioxide equivalents 
(t CO2e) per annum; waste methane 
reduced by 0.5 t CO2e / annum; 
nitrous oxide reduced by 1.6 t CO2e 
/ annum*

Cost of 
replacing 
grain with 
hominy meal: 

$18,000 / farm

Gains in milk 
production 
due to hominy 
meal: 

70,200 litres extra during summer

Extra income 
due to higher 
production: 

$26,676 extra based on a summer 
milk price of $0.38 / litre

ERF income: At a carbon price of $20 / t CO2e, 
the reduction in enteric methane 
emissions was valued at $800/farm. 
At $5 / t CO2e, the value was $200 / 
farm. 

Net increase 
in farm profit: 

$8,676 with no ERF payment, 
$9,476 at $20 / CO2e; $8876 at $5 / 
t CO2e

*Reductions in waste methane and nitrous oxide are not yet covered by a 
,9-�TL[OVKVSVN`�ZV�[OLYLMVYL�KV�UV[�WYV]PKL�VќZL[�PUJVTL�

Australian research:  
Looking to novel supplements, forages and  
pre-treatments to mitigate methane

Background
Researchers from the Department of Environment and Primary 
Industries Victoria and the University of Melbourne are 
studying cereal pre-treatment techniques, and a range of 
novel feed supplements and forages that reportedly mitigate 
enteric methane production.
The supplements under investigation include grape marc, a 
vineyard by-product containing both oil and tannin. Tannins 
have been shown to reduce methane emissions by inhibiting 
methane-producing microbes; however more research is 
YLX\PYLK�VU�[OLPY�WV[LU[PHSS`�ULNH[P]L�WYVK\J[PVU�LќLJ[Z��;OPZ�
project is working collaboratively with the Australian Wine 
Research Institute to better understand the tannin 
concentration and composition of various grape marc 
products, so that products with less adverse impacts on 
HUPTHS�WLYMVYTHUJL�JHU�IL�PKLU[PÄLK�
The research team are measuring the impact on both animal 
emissions and production, with the aim of developing 
recommendations for feed-based mitigation options in the 
dairy, beef and sheep sectors.

Findings
• Supplementing dairy cows with wheat at higher rates than 

standard practice (up to 9 kg / cow / day) reduced methane 
emissions by as much as 50%. Milk fat concentration was 
reduced, but the increase in milk output observed meant 
[V[HS�MH[�WYVK\J[PVU�^HZ�UV[�HќLJ[LK���7YV[LPU�JVUJLU[YH[PVU�
and yield increased at the higher wheat rates, resulting in an 
increase in milk solids (fat + protein) yield.

• Supplementing dairy cows with grape marc reduced 
TL[OHUL�I`�\W�[V������^P[O�TPUPTHS�LќLJ[Z�VU�TPSR�
production and composition. 

What next?
Further research is now required to investigate the 
JVTWSLTLU[HY`�LќLJ[Z�VM�JVTIPUH[PVUZ�VM�VPSZ��Z[HYJO�HUK�
[HUUPUZ��HZ�^LSS�HZ�[OL�LќLJ[Z�VM�]HYPV\Z�MVYHNL�]LYZ\Z�
supplement options, on emissions (methane and nitrous 
oxide) and productivity.

More information on this research
Project leaders: Dr Joe Jacobs, Department of Environment 
and Primary Industries Victoria, and Associate Professor Brian 
Leury, University of Melbourne
Project website:  
www.piccc.org.au/research/project/265



Further information
Dairy Climate Toolkit:  
http://www.dairyaustralia.com.au/Environment-and-resources/
Climate/MicroSite1/Home.aspx
ERF methodology for feeding dietary fats and oils:  
http://bit.ly/1gdgwCd
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The Australian dairy industry has committed to reducing greenhouse gas emissions intensity by 30% by 2020.  
This project is supported by funding from Dairy Australia and the Australian Government.
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