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Methanogenesis is critical in cattle because it prevents accumulation of metabolic hydrogen in the rumen by
serving as a reducing equivalent sink. Alternative hydrogen sinks exist, however, and these alternative sinks are
affected by the ingredient and chemical composition of the diet, such that the quantity of CH, produced by cattle
varies based on dietary constituents that are fed. Diets that produce acetate liberate hydrogen to be used by
methanogenic archaea to produce CH,4. Conversely, propionate serves as a net hydrogen sink, and diets that
increase propionate and decrease acetate result in decreased ruminal CH, production, reflecting decreased

availability of metabolic hydrogen for methanogens to reduce CO, to CHy.

cattle diet formulation dietary chemical components

| 1. Introduction

Beef cattle production is the single largest agricultural commodity area in the United States, contributing over USD
66 billion in receipts in 2019 . Although cattle can convert low-quality feeds into high-quality protein for human
consumption, they are a source of agricultural greenhouse gas emissions to the atmosphere. The agriculture
sector in the United States contributes approximately 10% of total greenhouse gas emissions, and livestock
contributes 3.8% 2. Nonetheless, enteric CH, emissions are responsible for 30% of the anthropogenic methane
budget, highlighting the need for a clear understanding of factors that affect CH, production and development of

practical mitigation strategies.

Methanogenesis is critical in cattle because it prevents accumulation of metabolic hydrogen in the rumen by
serving as a reducing equivalent sink B, Alternative hydrogen sinks exist, however, and these alternative sinks are
affected by the ingredient and chemical composition of the diet, such that the quantity of CH, produced by cattle
varies based on dietary constituents that are fed. Diets that produce acetate liberate hydrogen to be used by
methanogenic archaea to produce CH,. Conversely, propionate serves as a net hydrogen sink, and diets that
increase propionate and decrease acetate result in decreased ruminal CH, production, reflecting decreased

availability of metabolic hydrogen for methanogens to reduce CO, to CHy.

2. Dietary Chemical Components and Enteric Methane
Production
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2.1. Relationships of Methane Production to Dry Matter Intake and Dietary
Chemical Components

Results of the mixed model regression analyses are shown in Table 1, with graphical representations of the
relationships shown in Figure 1. Because of the importance of DMI as a driver of enteric CH, production, initial
analyses involved regression of daily CH, production on DMI. As expected, the relationship between these two
variables was strong, with DMI accounting for 82.1% of the variation in daily CH, production (Table 1; Figure 1).
Dry matter intake has consistently been identified as a key component of equations to predict CH, production in
cattle AIRIBIA with DMI alone often yielding prediction equations that are equivalent in accuracy and precision to

more complex equations.
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Figure 1. Relationships between study-adjusted enteric methane production (g/d or g/kg of dry matter intake) and
dry matter intake DMI; (A), dietary crude protein (B), ether extract (C), neutral detergent fiber (D), starch (E),
starch:neutral detergent fiber ratio (F), and diet metabolizability (metabolizable energy/gross energy; (G) developed

from a literature database.

Table 1. Relationships between study-adjusted enteric methane production (g/d) and dry matter intake (DMI) and
methane production expressed as g/kg of DMI and various dietary chemical components and diet metabolizability

developed from a literature database 1.
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Regression Coefficients Regression Statistics
Item 2 Intercept Slope RMSE r?
--- CHy, g/d -
Dry matter intake, kg/d 26.0477 15.3710 13.96 0.821
p-values 3 <0.001 <0.001 CV =11.39%
Lower 95% CI 20.2892 14.4950
Upper 95% CI 31.8062 16.2470

---- CHy, g/kg of DMI ----

Crude protein, % 20.2005 -0.0344 2.53 0.003
p-values 3 <0.001 0.381 CV =12.82%
Lower 95% CI 19.0317 -0.1115
Upper 95% CI 21.3694 0.0428

Ether extract, % 22.2295 -0.5871 2.31 0.150
p-values 3 <0.001 <0.001 CV =11.57
Lower 95% CI 21.5201 -0.7577
Upper 95% ClI 22.9390 -0.4165

Neutral detergent fiber, % 13.5959 0.2001 2.02 0.696
p-values 3 <0.001 <0.001 CV =9.65
Lower 95% CI 12.9563 0.1840
Upper 95% CI 14.2355 0.2162

Starch, % 23.4214 -0.1060 2.04 0.495
p-values 3 <0.001 <0.001 CV =9.89
Lower 95% CI 22.9950 -0.1191
Upper 95% ClI 23.8478 -0.0929

Starch:neutral detergent fiber ratio 22.7962 —-2.4587 2.18 0.662
p-values = <0.001 <0.001 Cv=10.91
Lower 95% ClI 22.4363 -2.6730
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Regression Coefficients Regression Statistics
Item 2 Intercept Slope RMSE r?
Upper 95% CI 23.1561 —2.2444
Metabolizability 34.8909 -23.6630 1.84 0.561 tor at a
p-values 3 <0.001 <0.001 CV =8.80
Lower 95% CI 33.3687 -26.2140
ns and
Upper 95% CI 36.4131 -21.1120
L . L, ., ____. . _.able

online: https://www.epa.gov/sites/production/files/2018-01/documents/2018 complete_report.pdf
! Deate veessertlivatad marsiil@oamercepts and slopes associated with the 63 studies in the database. 2 Dietary
chemical composition data were expressed on a dry matter basis. Metabolizability = metabolizable energy divided

3. McAllister, T.A.; Newbold, C.J. R_edirectmg rumen fermentation to reduce methanogenesis. Aust.
by 3roEss energy. ° Probability that the intercept and slopes differ from zero; CV = RMSE divided by the overall
. Ex

p. A%HC. 2008, 48, 7-13. _ A 2.
mean of dry matter intake, dietary chemical components, and metabolizability, expressed as a percent; r? is not

4dj sl lthdahneabofpar@dergointhE mbleBride, B.W.; Okine, E.K.; France, J. Prediction of
methane production from dairy and beef cattle. J. Dairy Sci. 2007, 90, 3456-3467.

2.2. Managing Methane througoh Feedina%lntake Mana%ement Strategies
5. van Lingén, H.J.; Niu, M.; Kebreab, E.; Valadares Filho, S.C.;"Rooke, J.A.; Duthie, C.-A.;

EnerG VR Re Rentsr 8HARRiMn dath &R brSamtaRRuMyveR RhirRHEdiIGHon ¢irepisHmMELtBARRII to meet the
ned O CLiGVey RIL ARG IBIERENRY. BkbarlcattitUsinsHanR s eRM RN dARRARSAGLE pRASYSH; the
useE&V;Egﬂic?&l%e%ﬁ%’ ﬂaolﬁ'ﬁizgver consumption or programmed feeding to achieve a particular rate of body
\weighbers, '/ sedieb apgfLrae PNt ASLAERICRINAVEHIGEY, the fRedo! IRGISY WieC rasBEHREMUFLPD
. arddliRastE iIR6reasng fiRItagb Hesdichmpiganant apeirarhesaiat ecapasedelittinguihhs pxpected
0 JReRRsRdesR AUBISNIRRSAR E altle dRAIsatRshicds sRpRINPODPONY'E, "44Npreousy effects of decreasing DMI

through feeding management should be additive with other CH4 mitigation approaches such as feed additives that
iZhi |ta rlhue%%hggl'e'r\el's?lsl.e ghel?héfés\_éépor eeb gppdthg; _é&gg%%% 'Bﬁﬁhgfgg cealmle_ssSIaP rrilsi%rfeecyt%ztrll nwglgntrgeaggys on
gz%\ttle and effects of monensin. an m%thane emissions: A meta-analysi Aplmals 023,13 d1392|.

feed to reach a particular carcass weight and composition endpoint or negatively affecting meat quality indices like
BaBigeducM .ibsretses, ik e Feegim@inthe dgedienipstiade giedew aaskgapeonheth gnalign domprasiest the
ecqpaios b prefficigrcyrel feeditdlyattigakniptatsRBA8,ehBrict81d manure CH4 production associated with

anagement of feed intake, requiri arefu| evaluation this oach a CHj4 mitigation strategy. An
IB. EB aucehemln,els.A.; ﬁnger é%\ IEl\ﬁ gcl(ar(i llglj) V\)/fang, I\E/jIIPEeVIeW:SFﬁty yéars researcah 8}/1

alternative to managing DML as a mitigation strat uld be the selection of more efficient animal .g., cattle
rumen met an%g%nes%JLesso%s Pearnec‘f%%/ng?uture chal enges for mltlgatlon.%\nlma?i(ﬁ(% 1 ,

with low residual feed intake
550_515‘_ )

10ppeigoaie MO mrokfa GHN tmgpglaticmag esusthioab il walat@imgigaty tatthane Belissiors lrored than for
feedloniceites. Reetlimgnhigber Teoiueolra20 18et60cdlild decrease CH4 production in lactating dairy cows, both
SRR BT B SR bl S AU TR P 8Ly fteesed, BN
neelﬂe atPr Q“&'a”&?é'%dfﬁ'ée%‘&rr%dm“?tbod‘z'%‘,’%?' 1'10—'1(3 .eless, decreasing the level of NDF from roughage to allow for
lower DMI'would likely have a negative effect on milk quality, specifically milk fat content and would possibly have
IZedatigeBfedW. oK WHIMRD HealtR avyanh 43 iMethanerRitigallRG SPTIRRRMIE) MaRgRiiar TRMBmRBAGHSLY
[11] Grags SMPRGH Pehagfednt 65 BRGwRer CH,4 production offers possibilities in lactating dairy cows, it would
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13=edirotnihee dembined ugenethidr; ditaig KdagadeateinesnG. fdddvadidivive Mastiegi€s ; M osgandsduPapplication in
prabeomtec, P.; Doreau, M. Comparison of methane production between C3 and C4 grasses and

legumes. Anim. Feed Sci. Technol. 2011, 166-167, 59-64.

2.3. Applications to Diet Formulation for Mitigation of Methane Emissions
14. Van Kessel, J.A.S.; Russell, J.B. The effect of pH on ruminal methanogens. FEMS Microbiol.

Ba@ﬁobnlg%ﬁre?s@ithﬁ—t%éOregression analyses described previously, the key dietary factors to consider in

18 BERNRh SHAIF I OKiRtIZBPEM S i &rids PFANARS R UIALRIGHIFEARATRAR LI Nt F3f Entaf diet
MefRAIERE AL MR FbvIERDCRTIERIIN BRnRressti0g Regiapge sipd dietary CP concentration having

virtually no effect. Practically, these key factors are often interrelated in terms of diet formulation. Mixed diets with
18 S Bbr NERR Ol o E L it TRRCH Y FRr YIER NS ST 8D BRFESRINYPRR 8 M  reased

gra%)(,t%v%&'nf gf&e%ls%l sb}f\fgr? %%Fe%asgléa ME 'g‘cr)]r%rg]én rg{io%oaon% %%fe c))/zlcn)Er?éca)lgé'd metabolizability. For confined

1catidafed, KXED dele, thangiMcherfatdgd.@n&dffdets ohitoin procggstnpnrethed andatibtargliachiggation
stragégyét distillers grains with solubles on energy metabolism, carbon-nitrogen balance, and
methane emissions of cattle. J. Anim. Sci. 2012, 90, 3174-3185.

RED SERTRSIR RIRSR TRl RyaR G a0 ) fctSr afish f426egoncentration. including forage fype and maturity.
More digestible forages decreased CH, yield in dairy cattle and sheep, but effects were less clear for beef cattle

(12 Nonetheless, increased forage quality generally decreases CH, production per unit of animal product because
DMI and animal production typically increase as forage quality increases 2. Increased digestibility of higher-quality
forages also would be expected to decrease manure CH, losses. Type of forage can be important, as greater CH,

yield was reported for C4 vs. C3 grasses and warm-season legumes 131,

As noted previously, feeding diets with a greater concentration of starch is a repeatable approach to decrease CH,
yield and should also decrease CH, associated with manure. Starch generally decreases enteric CH, because
methanogens are sensitive to low ruminal pH 14 and feeding starch results in a lower ruminal pH than feeding all-
forage diets 22, Even so, Beauchemin et al. ¥ observed that the global capacity to increase grain feeding to
ruminants is limited, so using increased dietary starch as a mitigation tool is limited to production systems in which
grains are normally fed at high levels. Grain type (e.g., horny vs. floury endosperm) also can affect starch digestion
(18] with lesser starch digestion with a greater proportion of horny endosperm, although steam flaking can offset the
negative effects of endosperm type (8. Heat and moisture processing methods like steam flaking increase
gelatinization of starch and increase the ruminal proportion of propionate and decrease ruminal pH, thereby
decreasing CH, yield (28117,

Although adding dietary fat sources has been extensively studied as a tool for decreasing CH, yield [, and the
regression analyses showed a negative relationship between dietary EE concentration and CH, yield, the
relationship was highly variable and of low predictive value. With potential negative effects of fat on fiber digestion
noted previously, as well as relatively high cost of fat sources, careful consideration should be given to the total

concentration of fat in the diet, as well as to the sources of fat added to the diet.

It should be noted that for practical implementation of any dietary formulation approach to mitigate CH, yield, feed

mixing and delivery, as well as potential sorting of feed by animals are issues of concern. If diets are inadequately
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mixed, thereby resulting in the consumption of feed with variable concentrations of particular nutrients, benefits of
dietary mitigation strategies would be decreased. Similarly, diets or feeding practices that promote sorting of feed

ingredients by groups of cattle could negate the effects of dietary management strategies.

https://encyclopedia.pub/entry/54062 9/9



