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Conclusions

(J Both small-scale and medium/large scale livestock farms must coexist
and be implemented in developing countries.

J Mixed small-scale farms are strategic for keeping people in rural areas
and avoiding urbanism, but their efficiency must be improved.

(J Mixed medium-scale farms (or a cooperative of mixed small-scale
farms) are essential for increasing food production and supply,
preserving the environment.

U] Semi-intensive and intensive livestock production systems are
essential for food supply and should not be demonized, but must
minimize  the environmental impact through  genetics,
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Ex-ante and ex-post key points for precision
feeding management of dairy cows

Guidelines

Particle size
evaluation of feeds

Ex-ante

Chemical and

biological analysis of (peNDF)
feeds
Feed li P
SRl e Precision
Nutritive value, __feeding
of feeds System of diet
TMR and faecal evaluation modets)
sampling
Chemical and
biological analysis
of TMR and faeces :
DM intake

Particle size
evaluation of
TMR (peNDF)

evaluation

Diet digestibility
evaluation (using
internal marker)

Ex-post

Theoretic IOFC
(Income over feed
Animal body weight, aeE,
body condition score,
stage of lactation ...
Milk yield
Nutrient and quality
requirements
Milk yield
and quality
Dairy efficiency

Urine sampling and
pH evaluation

Chewing activity
evaluation

Effective IOFC
(Income over feed
costs)
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Flow of nutrients and potential technologies
to measure nutritional processes: NIRS

NIR analyzer Available feed NIRS

mounted on ,
the mixer amount quality

wagon cutter

Portable NIR
Dry Matter Intake

=
~ 80099 024 005
4367 1573 o

To determine the
DM content of the
ensiled feeds
(mainly corn silage)

» great potential

» accuracy according to
the quality of
calibration




Transitory changes in dry matter (DM) and in the
chemical composition of the total mixed ration (TMR)

e The composition of TMR in commercial farms differs
from the composition defined in the diet formulation

(Sova et al., 2014)

e The composition of the ration may vary from day to
day following transitory changes in the DM content of
the raw materials used and therefore in the DM
content of the overall ration

e Greater DMI, milk production and production
efficiency are generally associated with less

variability in the energy content of the ration soaetal.,
2014)
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Transitory changes in dry matter (DM) and in the
chemical composition of the total mixed ration (TMR)

e Managing the ingredients of the ration by performing
regular analysis of ensiled forages can improve the
compositional regularity of the TMR by improving the
performance of the herd (stone, 2008; mikus, 2012)

e The uncontrolled variability of the diet can also
affect the health of the cow: the frequency of the
dislocation of the abomasum, ketosis, subacute
ruminal acidosis (SARA) and poor fertility would be
partly associated with the fluctuations of nutrients
and energy in the diet @utter, 1998; stone, 2004; stone 2008)
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Flow of nutrients and potential technologies
to measure nutritional processes: faecal NIRS

Faecal sampling
- = Dry Matter Intake

Faecal NIRS =
(0]
(7))
g
Faecal uNDF, OM,
NDF, Starch ... v

Digestible dry matter
and other parameters
(OM, NDF, N, Starch ...)

TMR sampling

" TMR NIRS

TMR uNDF, OM,
NDF, Starch ...

Digestibility determination usin@s internal marker

B DM digestibility = (1 - uUNDFtmr / UNDFfaeces) *100

® TTNDFD = (1 - uNDFtmr / UNDFfaeces * NDFfaeces / NDFtmr) *100
® STARCH digestibility = (1 - UNDFTMR / UNDFfaeces * STARCHfaeces
® N digestibility = (1 - UNDFtmMR / UNDFfaeces * Nfaeces / NTMR) *100

/ STARCHtwmr) *100
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Atmospheric nitrogen
N,

olatilizatio

ﬂcﬂe" 9% warming

nitrogen fixing bacteria

_____
Lot

Urinary N, mainly

: denitrification LA o
UREA m bacteria lemtrlflcatn.

. degrading
bacteria and fungi

>

- Absorption NO,” — NO, — NO — N,O — N,
ureasi .nmomflcatl.
" . nitrification /% nitrification
‘/E bacteria ﬁ bacteria \ I

Ammonia (NH,*) + CO,

Nitrite (NO,") Nitrate (NO5)

@ . m

Groundwater pollution
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FAECES

svUndigested
feed and

Intestine

P o | Feed prot. icrob.
NPLO'rem Microb. prot™ AA Protein
. ( J Undigested
- endogenous N
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80 — MUL (mg/dL) = CP x 0.56 (+ 0.07; P<0.001)
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- Urine N excretion (g/d) = MUL x 0.51 (£ 0.04; P<0.001) - 0.012 (£ 1.48; ns)
n=21;R2=0.90; DSR = 2.6; P<0.001

@ m

dairy cows/10

dairy cows/10 dddpl'eg,'.l'rum Jonkeretal.,, 7
adapted from Nousiainen et al., 2004 ’

dairy cows/10

dairy goats
adapted from Ciszuk & Gebregziabher., 1994
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*

n=21;R2=0.77; DSR = 3.86; P<0.001
MUL (mg/dL)

10" Milk N/N intake (%) = MUL x - 0.48 [+ 0.06; P<0.001) + 47.4 (2 2.20; P<0.001)
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. J. Dairy Sci. 98:6361-6380

http://dx.doi.org/10.3168/jds.2015-9378
© 2015, THE AUTHORS. Published by FASS and Elsevier Inc. on behalf
of the American Dairy Science Agsncie_l_tinn@. This is an open access article under
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MUL (mg/di.) = PDIN bal. 0.335 (¢ 0.03: P<0.001) + 25.0 (+ 1.21; P<0.001)
10 E |
(n=21;R*=0.90; RSD = 4.60; P < 0.001)
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hnimal Science 35:101-113

INVITED REVIEW: Sustainability and Integrated Systems

InviTep Review: Modifications to the Cornell Net
Carbohydrate and Protein System related to
environmental issues—Capability to evaluate nitrogen
and phosphorus excretion and enteric carbon dioxide
and methane emissions at the animal level*

M. E. Van Amburgh,'t K. L. Russomanno,” R. A. Higgs,’ and L. E. Chase,' PAS

'Department of Animal Sclente, Comall University, Ithaca, NY 14853, "Medstar Georgetown University Hospital,
Washington, DC 20002; and *OnSide Lid., Canterbury, New Zealand BOZ2




Initial manure Final manure Manure N Manure N
Initial Final N excretion N excretion excretion change excretion change
Herd CP (%) CP (%) (g/cow per d) (g/cow per d) (%) (kg/herd per yr)

16.0 14.9 358 323 =8.7 -383
16.3 14.9 319 282 -11.5 =730
205 16.0 510 362 =-29.0 -4,755
17.1 16.0 385 344 -10.6 -1,138
19.0 16.2 465 370 -20.4 -6,520
17.4 16.5 456 423 =72 =-5,241
16.7 15.7 424 345 -18.6 -16,296
16.9 16.2 422 400 -5.2 -2,128
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Effect of Precision Feeding management on
N excretion and production (a case study)

L.
a

* The results of this field study demonstrated that implementing a
PFM plan using a model (in this case the CNCPS) for diet
formulation lowered manure N excretion while improving
profitability when measured as change in income over feed
costs.

» Regular laboratory analysis of samples taken on-farm remains
the recommended approach to characterizing the components in
a ration.

« This approach moves dairy production in a positive direction
toward meeting societal expectations of a lower environmental
impact of food production because less nutrients were excreted
into the environment.
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Item

Live weight (kg)

Dry matter intake (kg/d)
Diet crude protein (%)
Milk yield (kg/d)
Milk crude protein (%)

Milk Urea Nitrogen' (mg/dL)

Nitrogen balance
Ingested N (g/d)
Faecal N (g/d)
Urinary N (g/d)
Manure N (g/d)
Milk N (g/d)
Retained N (g/d)

Pirondini et

al., 2015

CNCPSvs 6.5

626
22,8
14,7
27,0
3,77

Difference




Precision Feeding management on N excretion
and production: the case of Italian heavy pigs

« Husbandry of heavy pig for ham production (DPO) is quite
different from that of other countries

« The differences are related to the slaughter weight (160-175 vs
110-120 kg) and to rationing of the animals

« Some models exist for the light pigs

« A mathematical model for feeding Italian heavy pigs is missing

« In practice, farmers rely in part on experience but it is very
common the overfeeding, especially as regards the contribution

of essential amino acids, determining excess in urinary N
excretion
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Looking at agriculture....
Global GHGs emissions, by gas (% of the sector)

3.1GtCO, eq /yr

2Gt CO,_eq /yr

0,27 % CH, 44 %

N,O 29 %

2Gt CO,_eq [yr
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The enteric methane

http://www.fao.org/in-action/enteric-methane/background/what-is-enteric-methane/en/

Naturally occurring methane is generated by anaerobic fermentation, where bacteria break down
organic matter producing hydrogen (H2), carbon dioxide (CO2) and methane (CH4). This process
naturally occurs in the digestive system of domesticated and wild ruminants, natural wetlands,
and rice patties.

In ruminants, methane is produced mostly by enteric fermentation where microbes decompose
and ferment plant materials, such as celluloses, fiber, starches, and sugars, in their digestive
tract or rumen. Enteric methane is one by-product of this digestive process and is expelled by the
animal through burping. While other by-products (acetate, propionate and butyrate) are absorbed
by the animal and used as energy precursors to produce milk, meat and wool.

Enteric methane production is directly related to the level of intake, the type and quality of
feed, the amount of energy consumed, animal size, growth rate, level of production, and
environmental temperature. Between 2 to 12% of a ruminant’s energy intake is typically lost
through the enteric fermentation process.

... there are opportunities to substantially reduce emissions per unit
of product, i.e. emission intensity. These opportunities generally
consist of improving the efficiency of production via the
implementation of known practices or technologies that result in
greater yields per animal and per unit of feed.

Agriculture, Environment and Bioenergy PhD Course
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o The strong correlation between animal
8§ gﬂf’ﬂ'smm” | productivity increases and enteric methane
\ emission reduction implies there are large
opportunities for low-cost mitigation and
widespread social and economic benefits.

an
i

Reducing enteric methane through
productivity gains is the lowest cost options
and has a direct economic benefit to

farmers.
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AG=-679KJ

AG=-8.7KJ

AG=-844K

AG=-501KJ

AG=-63.6KJ

AG=-318K] AG=-312KJ AG=-322KJ
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fw"*;ll\i‘%r; J. Dairy Sci. 98:357-372
3 ==' S http://dx.doi.org/10.3168/jds.2014-8092 | |
@F#!.._@? © American Dairy Science Association®, 2015. Open access under CC BY-NC-ND license.]

Effect of dietary starch concentration and fish oil supplementation
on milk yield and composition, diet digestibility, and methane
emissions in lactating dairy cows

M. Pirondini,* S. Colombini,* M. Mele,t L. Malagutti,* L. Rapetti,* G. Galassi,* and G. M. Crovetto*'
*Universita degli Studi di Milano, Dipartimento di Scienze Agrarie e Ambientali, 20133 Milan, Italy
tUniversita degli Studi di Pisa, Dipartimento di Scienze Agrarie, Alimentari e Agroambientali, 56124 Pisa, Italy

« The aim of the study was to evaluate the effects of diets with different starch
concentrations (23 vs 28% DM) and fish oil (FO, 0,8% on DM) supplementation on lactation
performance, in vivo total-tract nutrient digestibility, N balance, and methane (CH4)
emissions in lactating dairy cows.

* Increasing the concentrate proportion of the diet (especially increasing starch) generally
decreases CH4 emissions.

» Fish oil is characterized by a high concentration of long-chain unsaturated fatty acids, which
have been shown to decrease methanogenesis (Fievez et al., 2003).

This CH4-suppressing effect may relate to:
- the degree of unsaturation of these FA as they undergo biohydrogenation in the rumen
- their effects on specific rumen microorganisms (e.g., cellulolytic bact. and protozoa).




We observed a trend for lower CH4 emission (g/d) and intensity (g/kg of milk) with the high-
starch diets compared with the low-starch diets: 396 versus 415 g/d on average, respectively,

and 14.1 versus 14.9 g/kg of milk, respectively.

Table 5. Total-tract digestibility (%) of the experimental diets

Diet' P-value
Ttem LS HS LSO HSO SE Starch 0Oil Starch = Oil
DM 67.9 64.9 69.4 658.1 0.80 0.02 0.02 0.25
OM 69.6 G6.4 711 69.7 0.80 0.02 0.02 .24
CP 61.0 57.8 62.7 60.4 1.21 0.04 0.09 (.66
Ether extract 55.0 52.3 67.3 66.9 2.37 0.47 <0.01 0.60
NDF* 47.3 36.5 49.6 42.6 1.67 <(.01 0.03 0.22
Starch 96.3 96.7 95.9 06.8 (.38 0.10 0.60 (.48
Gross energy 67.3 63.9 69.4 67.7 (.89 0.02 0.01 .32

'LS = low starch; HS = high starch; LSO = low starch supplemented with fish oil: HSO = high starch supplemented with fish oil.

*NDF corrected for insoluble ash and with the addition of a-amylase.

Table 7. Methane production from the cows fed the experimental diets

Diet’ P-value

Item LS HS LSO HSO SE Starch Oil Starch x Qil
CH, (g/d) 415 392 415 400 10.6 0.08 0.67 0.67
- 18.3 17.4 17.9 18.3 0.58 054 0.63 0.23
CH, (g/kg of milk) 15.4 14.1 14.3 14.1 0.45 C0.09 ) 0.21 0.20
. e 13.5 12.4 12.6 13.2 0.30 a 0.95 0.02
CH, (% of gross energy intake) 5.64 5.33 5.46 5.55 0.18 0.48 0.88 0.23
CH, (g/kg of NDF intake") 53.4 55.7 52.2 58.9 2.07 0.05 0.58 0.26
CH, (g/kg of ANDF intake") 109 156 106 140 10.8 0.01 0.32 0.51

'LS = low starch; HS = high starch; LSO = low starch supplemented with fish oil; HSO = high starch supplemented with fish oil.

“ECM (3.5% fat and 3.2% protein) according to Tyrrell and Reid (1965).

INDF corrected for insoluble ash and with the addition of a-amylase.
'dNDF = digestible NDF.
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