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0.750.75--2.0 kg2.0 kg
microbial cellsmicrobial cells

400400--850 L gas850 L gas400400--850 L gas850 L gas
140140--600 L CH600 L CH44
260260--560 L CO560 L CO22

22--20 kg DM20 kg DM
2020 80 L water80 L water2020--80 L water80 L water
5050--150 L saliva150 L saliva VFA 2.0VFA 2.0--6.0 kg6.0 kg



Microbial Groups in the RumenMicrobial Groups in the Rumen

E b t iEubacteria
ArchaeaArchaea
– Methanogens

Eukaryotes
Protists– Protists

– Fungig



Gastrointestinal symbiontsGastrointestinal symbionts

PROVIDEPROVIDE
Energy
VFA id t 80% f th dVFA can provide up to 80% of the energy needs

Protein
microbes convert NPN into high quality proteinmicrobes convert NPN into high quality protein

Vitamins
synthesis of B-complex and K vitaminssynthesis of B-complex and K vitamins

Detoxifying functions



Why do we want to modify the 
rumen microbiota?rumen microbiota?

T h b fi i lTo enhance beneficial processes

To reduce or eliminate inefficientTo reduce or eliminate inefficient 
processes

To reduce or suppress processes 
detrimental to the host

To restore the normal microbiota



Objetivos tradicionalesObjetivos tradicionales

digestion de fibrasdigestion de fibras

velocidad de degradacion 

carbohidratos fermentescibles (rumen)
degradacion de proteinas (rumen)degradacion de proteinas (rumen)

balance de energia

– C2:C3

– CH4



Nuevos ObjetivosNuevos Objetivos

eliminacion NH3eliminacion NH3

emision de CH4

calidad de productos

V l it i– Valor sanitario
– Valor nutricional



Food Protein
Protein Metabolism 
in the Rumen

PROTEIN

in the Rumen

PROTEIN

Peptides
MicrobialMicrobial
Protein

Amino acids

Ammonia

Ammonia Urea



CARBOHYDRATESCARBOHYDRATES

FIBER STARCH

Cellulose Hemicellulose Rate

FIBER STARCH

Extent

PENTOSES & HEXOSESPENTOSES & HEXOSES

MicrobialMicrobial 
Cell 
Protein

LACTATE

METHANE VOLATILE FATTY ACIDS
Total
Formate

Nagaraja et al. 1997

Formate
Acetate:propionate ratio     or



Approaches to Modify Rumen 
FermentationFermentation

T f i t tiTypes of interventions
DietaryDietary
Animal
Microbial



Dietary InterventionDietary Intervention

Digestibility of plant fiber

Feed protein degradation

Feeding managementFeeding management



Animal InterventionAnimal Intervention

F d i t kFeed intake
Saliva productionSaliva production
Gut functionalityGut functionality



Microbial InterventionMicrobial Intervention

Buffers ProbioticsBuffers
Growth factors

Vit i

Probiotics
Enzymes 
Pl t & l t– Vitamins

– Minerals
Fat supplementation

Plants & plant 
extracts

TanninsFat supplementation
Ionophore 
antibiotics

– Tannins
– Saponins

Essential oilsantibiotics
Other antibiotics

– Essential oils
…



PROBIOTICSPROBIOTICS

“Viable microbes used as dietary 
l h i i l fsupplements having potential for 

improving health or nutrition of theimproving health or nutrition of the 
host upon ingestion”



Probiotics for RuminantsProbiotics for Ruminants

Bacterial Y tBacterial
Lactobacilli

Yeast
Saccharomyces

Bifidobacteria
Propionibacteria

Saccharomyces 
cerevisiae
A illPropionibacteria

Streptococci
Aspergillus oryzae

Enterococci
(E. coli)(E. coli)



Mode of Action of Probiotics ode o ct o o ob ot cs

StressStress

NORMAL GUT NORMAL GUT 
FUNCTIONFUNCTIONFUNCTIONFUNCTION •Transportation

•Change of feed
•Weather•Weather
•Antibiotic treatment
•InfectionInfection
•Toxins



Mode of Action of Probiotics ode o ct o o ob ot cs

StressStress
NORMALIZATION BY

NORMAL GUT NORMAL GUT 
FUNCTIONFUNCTION

IMMUNE 
RESPONSE

NORMALIZATION BY 
ADHERENT LACTIC 

ACID BACTERIA
FUNCTIONFUNCTION RESPONSE

Disturbed Disturbed 
PROBIOTIC 
THERAPY

MicrobiotaMicrobiotaDiarrheaDiarrhea

BACTERIAL INVASION

••Permeability Permeability 
DisordersDisorders

BACTERIAL INVASION

ACTIVATION OFDisordersDisorders
••Fermentation Fermentation 

DisordersDisorders

ACTIVATION OF 
CHEMICALS



At the rumen level Yeast

Mode of Action of Yeast Probiotics 

O2 
uptake

Micronutrient
supply

Glucose
uptake

bacterial lactic acid metabolism
p pp y p

redox potential
pH stabilisation

Lactate utilisersLactate utilisers
cellulolytic bacteria
(protozoa, fungi)

polysaccharidases

rate of OM digestion

At the animal levelAt the animal level

feed intake removal of toxicants
(chemicals pathogens)

risk of acidosis
(chemicals, pathogens) 

energy and amino acid supply health disorders

Jouany & Morgavi, 2007

improved animal productivity



Yeast probioticsYeast probiotics

Common feed additive in ruminantsCommon feed additive in ruminants
Data from 122 in vivo trials 
(meta-analysis, Sauvant 2005)( y , )

Milk yield 1.3 kg/d
ADF digestibility 2.8%

– Increases 
• Total & cellulolytic bacteria 
• Microbial protein synthesis & microbial growth
• NDF degradability
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PropionibacteriaPropionibacteria

Biochemical propertiesBiochemical properties

Produce propionic and acetic acidp p

Utilize lactic acid

Reduce nitrates and nitrites to N2

Produce broad spectrum antimicrobials

P od e ggl tin ting f toProduce agglutinating factors



Proposed Role of PropionibacteriaProposed Role of Propionibacteria

Starch PropionateStarch Propionate
Acetate

GlucoseMicrobial 
activity

P i ib t iP i ib t i
y

Absorbed acids

PropionibacteriaPropionibacteria

Lactate
VFA

Absorbed acids
Acid-base balance

Excreted acids
Lower GI pH



Effects of Propionibacterium jensenii on 
ruminal metabolism during acute acidosisruminal metabolism during acute acidosis
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Swinney-Floyd, 1997
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Summary of Effects of PropionibacteriaSummary of Effects of Propionibacteria

PropionatePropionate 
Average daily gain 
D matte intake oDry matter intake or 
Feed conversion efficiency 
Carcass weight 

But not always!



Other bacterial probiotics and usesOther bacterial probiotics and uses

L t t dLactate producers (Lactobacilli, Enterococci)

Rumen strains
To reduce pathogens loads and 
sheddingshedding

Most effective against E. coli O157 

Lactobacillus acidophilus NP51 (NPC 747) and 
Propionibacterium freudenreichiiPropionibacterium freudenreichii 

review Sargeant et al. 2007



Exogenous enzymesExogenous enzymes

Milk d tiMilk production
1.05 ± 1.41 kg/d

Avg 49 treatments (Beauchemin et al.)

Beef production
fewer studies increases of up to 9%fewer studies, increases of up to 9% 
ADG reported



Rumen microbial Rumen microbial 
ecosystemecosystem

AnimalAnimalFeedFeed

High producing animals

Change in diet Altered homeostasis

Intake

R t f

Nutrient deficiencies

Rate of passage



Rumen microbial Rumen microbial 
ecosystemecosystem

AnimalAnimalFeedFeed

exogenous enzymesexogenous enzymesexogenous enzymesexogenous enzymes

“Stress situation”



E t d d i iExpected depression in 
digestibility (NRC)

7575

8080
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7070

7575

DM digDM dig
6565

ActualActual

DM dig DM dig 
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Factors affecting feed enzymes efficacyFactors affecting feed enzymes efficacy

Enzyme productEnzyme product

Diet compositionp

Rumen microbial 
tecosystem

Level and method of
Mode of action

Level and method of 
supplementation

d l lProduction level



Plants and Plant extractsPlants and Plant extracts

Pl t d dPlant secondary compounds
Defense mechanism 
Antimicrobial activity
U d i i l t itiUsed in animal nutrition
– Flavoringg
– Influence digestion



Plants and Plant ExtractsPlants and Plant Extracts

T iTannins
Saponinsp
Essential oils

Li it ti f d tiLimitations for adoption
– Product variabilityy
– Loss of some properties during storage
– Toxicity– Toxicity
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Macheboeuf et al, 2007



Macheboeuf et al, 2007



Nuevos ObjetivosNuevos Objetivos

eliminacion NH3eliminacion NH3

emision de CH4

calidad de productos

V l it i– Valor sanitario
– Valor nutricional



Why methane?Why methane?

Loss of energyLoss of energy
~ 6-8% intake

Environmental problem
Enteric methane is the most important component ofEnteric methane is the most important component of 
greenhouse gas emissions in ruminant production

• Beef cattle 60~70 kg/yr 
• Dairy cattle 110~145 kg/yr
• Sheep 8 kg/yr



Livestock and the EnvironmentLivestock and the Environment

Grazing - 26% earth’s surfaceGrazing - 26% earth s surface
– 70% dry areas degraded by overgrazing

Feed crops - 33% arable land

Consumes 8% water
– Contributes to contamination

18% GHG emissions18% GHG emissions
– 37% methane



Some proposed tacticsSome proposed tactics …

UN: eat less meat to curb global warming
R. Pachauri
Chairman IPCC

McMichael et al. Lancet 2007 
Food, livestock production, energy, climate change, and health ., p , gy, g ,
“To prevent increased greenhouse-gas emissions from this production 
sector, both the average worldwide consumption level of animal products 
and the intensity of emissions from livestock production must be reduced.”



contrast with the reality… contrast with the reality

W ld A i l P d tiWorld Animal Production
Previsions 2050:

+ 50% meat and milk production
T idTo consider:
– Capacity to use forage feeds by ruminantsp y g y
– Social, cultural and economic role of 

ruminantsruminants
– Landscape preservation



Livestock and EnvironmentLivestock and Environment

Animal 
d t

Environmental 
(di ) iproducts (dis)services



Methanogenesis
Feed

(carbohydrate polymer)

Methanogenesis

Fermentative anaerobes
Monomer

(carbohydrate polymer) 

Fermentative anaerobes
(primary & secondary fermenters)Oxaloacetate

Acetyl-CoA

ButyratePropionate y
Acetate

p

MethanogensH2 + CO2

CH4



Effect of malic acid, sunflower oil, linseed oil and their 
combinations on rumen metabolite productioncombinations on rumen metabolite production
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Linseed oil reduced in vitro rumen methanogenesis

SO LO SO LOJouany 
et al, 2008 

Linseed oil reduced in vitro rumen methanogenesis 
by 14% without a negative effect on fermentations.



Effect of linseed lipid preparationsEffect of linseed lipid preparations 
CH4
(g/d)

20

DMI
(kg/d)

FCM 4% 
(kg/d)500 25• Maize silage:concentrate 
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diet

16
300

21

12

14

17

19

-12% -38% -64%a b c d
10

12

100

Control Grain Extruded grain Oil

15

CH4 g/kg 
FCM 4%

19.3a 16.4ab 14.8b 9.3c

g

Martin 
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Effect of extruded linseed concentrationEffect of extruded linseed concentration
CH4 and milk 
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Linear decrease of methanogenesis



Effect of high-concentrate dietsEffect of high-concentrate diets
pH

High-concentrate 
diets decrease 

CH4 (L/d)
p
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propionate5

5,5

50

100

150

protozoa- 56%
0
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(50:50)
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Conc.
(90%)

CH4 (% Ε intake)
Martin 
et al, 2007 

6 67 2 2 56.67.2 2.5



Role of protozoa in ruminal 
methanogenesismethanogenesis

Many diets feed supplements and additives thatMany diets, feed supplements and additives that 
reduce methane emissions affect protozoa

CHCH
10 to 25 % of CH4
produced by ruminants 
comes from theCHCH44 comes from the 
association ciliate-archaea

HHH222



Rumen protozoa and methane 
productionproduction

Fauna-free Mixed Fauna
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Only E caudatum increased the production of methane

Ranilla 
et al, 2007 

Only E. caudatum increased the production of methane
Other negative effects were NH3 & substrate degradation



Defaunation assayDefaunation assay
Methane measures

Def 1 Refaunated Def 2
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Methane emissionsMethane emissions

60

Def1 Refaunated Def2

L/d L/kg LW0.75

50

60
Defaunated 1 33.5 b 1.40 b

Refaunated 41.1 a 1.69 a

g

30

40

an
im

al
.d

ay
) Defaunated 2 36.9 ab 1.49 b

10

20

C
H

4
(L

/

Defaunation has a 
long-term effect on 

0

0 20 40 60 80 100 140 160

methane emissions

20%Days 20%



FutureFuture

Increase use of biological alternatives toIncrease use of biological alternatives to 
antibiotics and chemicals as animal feed 
additivesadditives
Due to: 
– An increased awareness that antibiotics derange 

the normal protective flora
– An increase in antibiotic resistant strains
– Public (consumer) concerns



FutureFuture

Increase efficacyIncrease efficacy
Consider the whole system of production
Additional objectives addressing specific 
problems:
– Environmental (CH4 emissions, NH3 pollution, … )
– Emerging diseasesg g
– Product quality
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