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Milk is nature's optimized source/delivery system of

nutrients
Milk and dairy products are nutritious foods Milk as delivery medium
* Milk and dairy products are foundational in * Milk is an amazing delivery system for
Western diets providing essential nutrients, and critical biological
« ~12 % of total energy intake molecules to sustain the infant and adult
* ~19% of the total protein intake alike.
e ~40% of calcium intake * Ensures high bioavailability and =
' bioaccessibility =

* ~ 27 % of the intake of vitamins B2 and B12 _ o
— proteins and AAs~95% digestibility.

. ~170 o
17% of the zinc intake — Calcium up to 65% in organic, 30% in
* Recommendation for the intake of milk/dairy conventional bulk

products ranges from 250 g/d — Bioactive |

* |tis safe and abundant resource
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Livestock farming in the EU is an advance system

EU Feed to Food Production efficiency trend
(kg feed per kg of animal product)
e EU-27 Efficiency
el e 500 mio. t of feedstuffs Product 20° cent. Today improvement
are consumed by livestock Poultry 45 1,9 57%
each year
Turkey 6,0 2,5 58%
Eggs 4,3 2,1 51%
e EU-27 livestock production: Milk 2,2 0,7 68%
Food e 200 mio. t of meat, milk, Pig lean 4,3 2,7 37%
€883 Beef 9 7 22%
Mean 5.05 2.81 49%

(Gross) FCR 2.38



The major contributors to the improvement in milk yield per
cCoOwW

Nutritional Science:

Genetic selection

* has accounted for approximately 60% to over 70% of e essential to supporting the higher
the increase in total milk, fat and protein yield in metabolic demands of top-producing
cosmopolitan breeds (e.g. Holsteins) since 1970. genetics.

Management and Cow Comfort:

e Improvements in housing have allowed for
maximum genetic expression.

Herd Management Tools:

e Digital record-keeping and precision dairy
farming have enhanced efficiency, health

20005 T 20208, care and management of individual cows.
Milk yield




Comparison between the nutritional requirements of dairy cows at peak production
between NRC 2001 and NASEM 2021

| NRC 2NN1 | NACFN 2N 1 |
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Union's historic methane emissions

Why Enteric MethJd § | [TV

Guardian { '™

Explainer

: : : : e =
Major climate driveyp,'q the beef with cows and the . b - -
Methane IS ~28—34X Cllmate Crisis? DQ % o s * % -
heat than CO,
. Reducing methane emissions is seen as the biggest

Accelerates CllmateopportunilyI’()rslowingglolmlhcalingbyzo.zo 25% of alobal dairv GHG

h : Meat and dairy giants feed climate crisis by dragging their .O(.) giobal dairy ;
extreme weather, IC¢ TR T emissions are from dairy farms

ecosyste ms w iqf . in developed countries.
X - 4 75% of global dairy GHG
4 ! emissions are from dairy farms
in emerging countries.

Ruminants: essenth
* Convert non-edib
bioavailable nutrit
 86% of livestock feg
humans.
* Upto12% dietary

'sin dairy regions vary
ons 1.3-1.4 kg-CO2 eq.kg milk
ions 4.1-6.7 kg-CO2 eq. kg milk

2.7% Global dairy sector
emissions, share on global
GHG emissions (FA0 2010)
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2.2% Milk production
emissions, share on global GHG
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Scientific effort

Book of Abstracts Book of Abstracts
of the 75 Annual Meeting of the 76th Annual Meeting
of the European Federation of Animal Science of the European Federation of Animal Science

4,140 results from Web of Science Core Collection for:

methane (Topic) and emission (All Fields) and dairy (All Fields)

Methane: 453 and 588
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Book of Abstracts No. 34 (2024)
Florence, Italy
1-5 September, 2024

Book of Abstracts No. 39 (2025)
Innsbruck, Austria
25 - 29 August, 2025
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EAAP-ASAS Conference on Livestock farming and the environment:
emissions and solutions




Rumen manipulation:

feed additives & nutritional strategies

Research on CHs-reducing additives is accelerating offering a practical, science-based
strategy to improve sustainability of ruminant production, while maintaining food

security.
MAIN POSSIBLE INTERVENTIOS

* Inhibiting methanogens
* Directly reduce the population or activity of methane-producing archaea

* Redirecting hydrogen
* Divert H, away from methane formation toward alternative pathways

* Modifying fermentation
e Shift rumen fermentation patterns to produce less hydrogen
* Promote propionate formation over acetate and butyrate

 Integration of Circularity in Livestock Production

Vary in mode of action, efficacy, and readiness for adoption




FEED ADDITIVE :
Methanogenesis Inhibitors

REGULATORY FRAMEWORK AND EVIDENCE REQUIREMENTS
FOR THE USE OF ANTIMETHANOGENIC FEED ADDITIVES (AMFA)

3-Nitroxypropanol (3-NOP)

The use of AMFA on ruminant production system requires authorization from jurisdiction-specific legal authorities

REGULATION JURISDICTION-SPECIFIC SCIENCE & POLICY

APPLICATIONS

3 o Eem

Directly inhibits methanogen enzyme (methyl-

coenzyme M reductase, MCR) — w4 Hm:‘l—": - | -
e CH, reduction: 20-40% W |cpe @ BEge §
e Dose-dependent: 60—180 mg/kg DMI 2 5

e No negative effect on intake, milk, or growth
e Commercially available (e.g., Bovaer®)

Created by Florencia Garcia and Yelena Grigorenko. Used with permission.
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Direct inhibitors (3-NOP) offer the fastest, most effective
methane reduction while maintaining productivity

J. Dairy Sci. 109:230-252

https://doi.org/10.3168/jds.2025-26957

© 2026, The Authors. Published by Elsevier Inc. on behalf of the American Dairy Science Association"
This is an open access article under the CC BY license (https://creativecommons. org/licenses/by/4.0/)
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Investigating interactions between grass silage- or corn silage—
based diets and 3-nitrooxypropanol on fermentation and methane
500 4 emission dynamics and rumen microbiome in dairy cattle
= Sanne van Gastelen,'* © Jan Dijkstra,”® Sven J. J. Alferink,> © Gisabeth Binnendijk,' Arie Klop,'
= 150 - Emiel Ver Loren van Themaat,’ © Nicola Walker,* © and André Bannink'
pst 'Wageningen Livestock Research, Wageningen University & Research, 6700 AH Wageningen, the Netherlands
s 2Animal Nutrition Group, Wageningen University & Research, 6700 AH, Wageningen, the Netherlands
p= ‘dsm-firmenich, Science & Research, 2600 MA, Delft, the Netherlands
2 100 A *dsm-firmenich, Animal Nutrition & Health, 4002 Basel, Switzerland
= 350 4 . . .
| * No effect of basal diet CH,em
= O elrecCt o1 basal aiets on 4 €mission,
300 - . . .
.
ruminal pH, or acetate:propionate ratio
e

i | | « 3-NOP lower the CH, production

-20.1% CH, yield (g/kg DMI)
-21.1% CH, intensity (g/kg ECM)

% decrease i CH, production (g/d)
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Reference, 3-NOP dose Methane production Methane yield Methane intensity

Haisan et al. (2014), 130
Hristov et al. (2015), 40
Hristov et al. (2015), 60
Hristov et al. (2015), 80 ——
( ), 60
), 68

Lopes et al. (2016

Haisan et al. (2017

Haisan et al. (2017), 132 ————

Van Wesemael et al. (2019), 71 —o—
Van Gastelen et al. (2020)
Melgar et al. (2020a),
Melgar et al. (2020b),
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The current meta-analysis indicates that the overall

effectiveness of 3-NOP at mitigating CH, emissions .

was 32.7%, 30.9%, and 32.6% for CH, production, Effectiveness

yield, and intensity, respectively, at an average 3-NOP of 3-NOP f Higher dietary starch content
dose of 70.5 mg/kg DM

https://doi.org/10.3168/jds.2022-22211

Higher dietary fiber or fat content
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https://doi.org/10.3168/jds.2022-22211
https://doi.org/10.3168/jds.2022-22211
https://doi.org/10.3168/jds.2022-22211

Kebreab et al, 2026

Others “FEED ADDITIVE”:

Methanogenesis Inhibitors & Redirecting Hydrogen

Halogenated compounds (bromoform) inhibit methanogen enzyme (B12-dependent methyl-
transferase) by reacting with B,

e CH, reduction: 10-90%
* Inclusion rate: ~ 0.2-1% DM
e Influencing factors: chemical composition, time of collection and growth environment

e Limitations: highly volatile, residue in milk (bromoform, iodine), ozone depletion potential
and supply chain challenges

e Nitrates ...

Directly compete with methanogens for H, (alternative hydrogen sink)

NO-; is reduced to NH*, by rumen microbes (hydrogen redirection)

e CH4 reduction: 10-18 %

e Inclusion rate: 15-20 g/kg DM

e Requires careful adaptation and management to avoid toxicity (methaemoglobinemia)
e Emerging solution: encapsulated nitrate

o}
Z,
z
=
a




Kebreab et al, 2026

Rumen modifiers

Dietary lipids

Mixed mechanisms of action: alternative hydrogen sink (bio-hydrogenation) + microbial inhibition (toxic effect on methanogens and
protozoa); Shift VFA profile towards propionate formation

® CH, reduction: 10-20%

e Inclusion rate: 2-6 % of dietary DM

e High inclusions (> 5 %) depress fiber digestion, reduce DMI, negative effect in fat milk content and yield

e Limitations: fat source and diet composition strongly influence the effect; impact on manure emission needs to be investigated

Plant secondary compounds (flavonoids, tannins, saponins)

Broad antimicrobial effects and reduction in hydrogen availability

* CH, reduction: highly variable (0-40%), often short-lived

* Inclusion rate variable (hole plant vs. extract): e.g. Tannins > 20 g/kg DM; saponins 2-10 g/kg DM; flavonoids 1-2 g/kg DM
* Influencing factors: botanical source and dose

* Major issue: inconsistent response across diets and systems, reduction in fiber digestibility and DMI

Essential oils (oregano, cinnamon, garlic)

Bioactive compounds with broad antimicrobial activity: indirect suppression of methanogens

* Limitation: non specific 2 may also limit beneficial microbes

* CH, reduction: 0-40% (single EO inconsistent, often transient)

* Major issue: high in vitro potential, but negligible and inconsistent in vivo methane reduction

* EO blends (e.g: Agolin, Mootral) show some promising results (up to ~30% CH,4 reduction in specific trials)
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Designing circular diets

Animal 19 (£UZ5) 1UI512

Contents lists available at ScienceDirect

BBP improve production performance and “‘W‘% St/

ruminal health in dairy cows Animal

The international journal of animal biosciences

Inclusion of 15-30% BBP:

[y

++energy density |
1 dry matter intake (+1,9kg) o] Review: Nutritional, safety, and envi cal ts of f

. ) eview: Nutritional, safety, and environmental aspects of former )
T milk yeld (+4kg/d) 31 foodstuff products in ruminant feeding * L

| timeof rumen pH<56.8 (acidosisrisk) &*

M. Tretola®!*, P. Lin*", ]. Eichinger ©!, M. Manoni ", L. Pinotti >¢
Resources, Conservation & Recyceling 223 (2025) 108536

30% BP in the diets in mid-lactation "

07123 4 56 7 8 9 101112131415 16 17 18 19 20 21 22 23

dairy cows shifted the nutrient profile o onteoans Contents lists available at Sciencebirect

from aglucogenicdiet to a lipogenic Resources, Conservation & Recycling

diet,

i.e. potential to enhance performance and lower the risk of . i

SARA in dairy cows )
| Freshly cut grass, zero grazing, ad libitum > Upcycling former food products in livestock diets: a one health approach to %

prevent resource-depleting farming systems

Control (CON) concentrate; n=5

Adaptation

2220k standard Camilla Govoni ™, Matteo Ottoboni ”, Michele Manoni ", Luciano Pinotti ",

Maria Cristina Rulli®

L
T0 w1 w2 w3 wa w5 73 Animal 19 (2025) 101477

g/kg DM
—— | Crude protein
ADF/NDF 43/142
Ether extracts 64
| Starch 6531
_ [wsc ) 38.8
[NE (MJ/kg DM) i 7.44
75:25 Herbage:Concentrate

Contents lists available at ScienceDirect

Animal
The international journal of animal biosciences
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N s Statistics: Linear mixed models (R:Ime4). . .
P B (| aia il B Week, concentrate, their interaction and baseline covariable as fixed effects Former food and cocoa bean shells in early-lactating cows on a herbage- m)
m‘c‘;‘m"ﬁ based diet: effects on ruminal fermentation and blood metabolites e

A.-M. Reiche **, M. Tretola ", L. Eggerschwiler ¢, L. Pinotti ¢, F. Dohme-Meier *




Food production and consumption over the years

A

Hungry and Would like Needs safe Nutritious, safe,
needs something food sustainable &
Society | something good to eat affordable food
to eat
Food security: Food quality: Food safety: Sustainability:
Policy Produce and Reduce risk . !ower environmental

supply enough  surpluses in assessment Impact

food the EU « Food supply chain resilient to
geopolitical/environmental
shocks

Increase Food quality Safety Sustainable and

Research | food Process Traceability circular food

production quality production systems

using all

resources

1945-60 1980-90 2000-10 2020....

Adapted from Flachowsky and Danicke , 2004 15



Thank you!

Prof. Luciano Pinotti, PhD

Full Prof. in animal nutrition and feeding

Department of Veterinary Medicine and Animal Sciences (DIVAS)
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Rector’s Delegate for PhD courses

University of Milan, Italy

2019-25 President European Federation of Animal Science's (EAAP)
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