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Why do we care about microbes?
• Number of bacteria in the GI tract can
outnumber host cells 10:1
• Microbial concentration in the rumen
is 1012 cfu/ml of rumen fluid
•
•
•

Essential for feed/fiber digestion and
production of SCFA
Immune function
Endocrine response

Influence on disease
• Acute illness
• Chronic disesases

Influence on immune system
• Immune development
• Germ‐free mice

Influence on metabolism
• Fiber/SCFA
• Obesity
• appetite

Influence on behavior
• Interaction with enteric
nervous system
• Depression, anxiety,
autism
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Composition of the Rumen
Rumen Inhabitants

Concentration

Bacteria

1010‐10‐12 cells/g (>1500 species
estimated)

Ciliate protozoa

104‐106/g (25 genera)

Anaerobic fungi

103‐105/g (5 genera)

Bacteriophage

107‐109 particles/mL

Chemical Characteristics
• Volatile Fatty Acids
‐Acetate
‐Propionate
‐Butyrate
‐Branched chain
• Lactate
• Ammonia

Physical Characteristics
• pH 6.4 (range 5.5‐6.9
• Temperature: 38‐41°C
• 6% O2

Available Nutrients

mmolL‐1
60‐90
15‐30
10‐25
2‐5
<10
2‐12

• Amino acids
• Soluble Carbohydrates
• Insoluble carbohydrates (cellulose,
hemicelluloses, pectin)
• Lignin
• Minerals
• Growth Factors
Mackie et al., 1999 Flint et al., 2008

The importance of the rumen and intestinal
microbiota in dairy cow performance
Benefits to the microorganisms
• Food supply – carbohydrates,
proteins and lipids
• Masticated material with reduced
particle size
• Temperature control
• Moisture
• pH control
• Mixing
• Anaerobic conditions
• Removal of end‐products

Benefits to host animal:
• Microbial fermentation end‐products: primary
energy source
• Synthesis of microbial protein from poor
quality dietary (forage) protein and
nonprotein nitrogen
• Supplies B and K Vitamins
• Essential lipids
• Inhibits colonisation of non‐beneficial
bacterial populations
• Detoxification of phytotoxins and mycotoxins
• Supports development of the rumen and GIT
structure and epithelial integrity
• Influences development of the mucosal
immune system

McSweeney and Daniels, 2012
Flint et al., 2008
Hungate, 1985
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The importance of the rumen and intestinal
microbiota in dairy cow performance
Specific bacterial populations are highly correlated to important production parameters

Figure. Correlations between production variables and relative taxa abundance. Spearman non‐parametric rank
correlation matrix of the dominant bacterial genera across rumen samples. Strong correlations indicated by
large circles and weaker correlations indicated by small circles. The scale colors denote whether the correlation
is positive (closer to 1, blue circles) or negative (closer to 1, red circles) between the taxa and production
variables.

Kingdom
•

Phylum
• Class
• Order
• Family
• Genus
• Species

Meale et. al., 2016

Window of opportunity: establishing
the microbiota
•

Rapid colonization and
compositional changes occur in
rumen and GIT between day 1 –
day 3 of life

•

The first hours and days
immediately after birth are
important in development and
long term performance

•

Microbiota is more easily
influenced during this period

•

Bacterial species critical to
function of mature rumen begin
to establish prior to introduction
of solid feed

Aerobic and
facultative
anaerobes

Anerobic, fiber‐
degrading bacteria

Jami et al., 2013
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Rumen Diversity and Succession

Bacterial diversity and within‐
group similarity increase with
age

Jami et al., 2013

A calf is not born with an established microbiota. This develops
with time in a process known as Microbial Succession.
0‐3 days

• Intestinal bacteria turn
over very quickly &
population grows 10
fold
• Aerobic and facultative
anaerobes:
Enterobacteriaceae
(Enterobacter, E. coli) and
Streptococcaceae
predominate

7 days

14 days

28 days

42 days

• Anaerobic, hemicellulolytic and
proteolytic bacteria rise

• Cellulolytic bacteria rise

• All major types of rumen bacteria
present but in low proportion

• Bacteroidetes (Prevotella) remain
predominant

• Enterobacteriaceae and
Streptococcaceae decline
• Bacteroidetes (Prevotella) and
Firmicutes (Butyrivibrio,
Ruminococcus, Selenomonas,
Streptococcus and Succiniclasticum)

• Methanogens begin to
colonize

• Fibrobacter, Ruminococcus

• Firmicutes become increasingly
important

• Well established methanogenic
community
• Ciliate protozoa begin to establish

• Mature protozoal population

• Rise in anaerobic fungi

• Stable anaerobic fungal population

Adapted from Yáñez‐Ruiz et al., 2015 and Heinreichs, 2005
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0‐3 days

• Undeveloped reticulo‐
rumen, smooth
epithelium
• Basic villi/crypt
structures develop in
small intestine

7 days

14 days

28 days

42 days

• Rapid growth of squamous epithelial
cells, rough epithelium surface

• Growth and elongation and
thickening of papillae

• Cellular differentiation, emerging
papillae structure

• Slender, dense papillae visible;
developed epithelium and capillary
structure

• Host immune receptors
(Toll‐like receptors)
expressed on rumen
epithelia

• Decreasing Toll‐like receptor
expression with age
• Increasing antimicrobial peptide and
defensin production
Adapted from Yáñez‐Ruiz et al., 2015 and Heinreichs, 2005

Factors Influencing Microbial Ecology of the Ruminant

• Microbial Ecosystems on the Dairy Farm
• Dybiosis
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Factors Influencing the Rumen and Intestinal
Microbial Ecosystems

Host genetics,
physiology

Sanitation
practices

Maternal transfer

Feed and Water

Management practices

Environment

Dysbiosis in microbial ecosystems
The microbial communities of the rumen and GIT are not static

Beneficial
populations

Desired situation

Beneficial
populations

Host and environmental factors

Non‐
beneficial
populations

Undesired situation

Dysbiosis – microbial imbalance; typically dominant species are
underrepresented & levels of opportunistic, undesirable bacteria
rise

Performance
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Dysbiosis in the Rumen: Acidosis
Rumen pH drops to <5.5
•

High producing dairy cows require a
significant change in diet following
parturition to supply metabolic needs

•

Grain particle size, level of rumen
fermentable carbohydrate, and physically
effective NDF will influence rumen pH

•

pH drop can cause acute or subacute
acidosis depending on severity

Rumen stops moving (atonic),
Rumen microbiota changes; loss of fiber‐
degraders & rise in acid‐producing bacteria
Subacute: Appetite loss, lowered milk
production, diarrhea
Acute: Metabolic acidosis, shock, death

Healthy rumen papillae

Damaged rumen papillae

Toxins and pathogens – both have a role in dysbiosis
Mycotoxins: Feed Origin

Endotoxins: Bacterial Origin

Fungus

Color

Associated mycotoxins

Penicillium

Blue‐green

ochratoxins, citrinin, patulin, PR toxin

Aspergillus

Yellow‐blue/green

aflatoxins, ochratoxins

Fusarium

Pink‐white

zearalenone, DON, T‐2 toxin, fumonisins

•
•
•
•
•

Escherichia coli
Clostridium
Salmonella
Staphylococcus
Listeria

Combination impact of
mycotoxins and endotoxins
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Impact of pathogens and toxins in dairy

•

•

Decreased
feed intake &
feed
efficiency
Weight loss

•
•
•
•
•

Impaired rumen
function
Diarrhea
Intestinal
hemorrhages
Ketosis
Less effective
immune
response

•
•
•

Lower milk
production
Mastitis
Contaminated
milk

•

Hoof
problems
including
digital
dermatitis

•
•
•

Irregular
heats
Low
conception
rate
Embryonic
loss

Dysbiosis reduces rumen and gut function
Inflammation
•

Damage rumen papillae, reduced height and fusion » ↓ surface area for nutrient
absorption.

•

Diversion of energy towards rebalancing homeostasis and away from milk production

•

Increased secretion of mucus hindering nutrient digestion and uptake and modifying
resident microbial populations

•

A reduction in epithelial integrity » Increasing the gaps between epithelial cells preventing
the retention of bacteria in the gut lumen
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Taking Control: Program Approach to Microbial
Ecology Management

Sanitation
practices

Maternal transfer

Feed and Water
Management practices

Environment

Taking Control: Program Approach to Microbial
Ecology Management

Maximize time for maternal contact
• Encourages bacterial colonization from dam to
calf
High quality colostrum quickly after birth
• Maximize passive transfer of immunity
Maternal transfer

• Provides “prebiotic” substrate, ideal for
beneficial bacteria
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Taking Control: Program Approach to Microbial
Ecology Management
Growing evidence supports diet impact
on rumen microbial populations
•

Higher abundance of the Fibrobacteraceae were higher in
cows fed TMR while cows fed pasture had greater
abundance of the propionate‐producing Veillonelaceae
(de Menezes et al., 2011)

•

Starch and oil increased Prevotellaceae and decreased
Butyrvibrio and Ruminococcaceae (Zened et al., 2013)

•

Distillers grains increase lactic‐acid utilizing bacteria (Fron
et al., 1996)

•

E. coli from cattle receiving a high‐grain diet were more
numerous than from the high‐forage diet (Krause et al.,
2002)

Feed
• Minimize use of mycotoxin contaminated
feeds
• Transition diets slowly, allowing adaptation
time for microbiota
• Minimize feed variation by careful silage
face management
Clean Water
• Ensure water quality guidelines for dairy
cattle with an emphasis on mineral
compound concentrations, salinity, and
bacteria

Feed and Water

Taking Control: Program Approach to Microbial
Ecology Management
Minimize Stress where possible
• Can contribute to stress, loss of feed intake, which has well
• Parturition
documented impacts on microbiota
• Vaccination
•
Increase in colonization and fecal shedding of enteric pathogens
• Transportation
such as Salmonella enterica and Escherichia coli O157:H7
• Handling
•

• Antibiotic treatment

Less feed intake results in less energy for physiological functions

Changes to microbial community architecture
Changes in resource availability and species‐species interaction
Opens niches to pathogen intrusion

Management practices
(Freestone and Lyte, 2010)
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Taking Control: Program Approach to Microbial
Ecology Management
Sanitation and Environmental Management
• Decrease microbial pathogen “cycling” in the
environment through proper manure
management
• Identify individual animals that require special
milking management
• Ensure appropriate udder preparation for
milking

Sanitation
practices

• Ensure milking equipment is correctly installed
and maintained
• Keep housing and milking environment clean at
all times
• Proper cleaning and disinfection of milking
equipment

Environment

Taking Control: Program Approach to Microbial
Ecology Management
• Direct‐fed microbials (DFMs)
•

Supplements containing live, naturally‐occurring microorganisms –
help provide microbial balance in the digestive tract

Producer

Stable for
distribution
and storage

Safe

Consumer

Supports
ruminant
health
and/or
production

Reaches site
of activity

Desirable DFM
Characteristics

Does not
transfer
antibiotic
resistance
Non‐potent
immune
stimulator

Non‐
pathogenic

Influence
microbial
activity in the
rumen
Produces and/or gut
desired
enzymatic or
inhibitory
compounds

Host animal
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Taking Control: Program Approach to Microbial
Ecology Management
DFM Selection and Supplementation
•

VFA Production: Fermentation byproduct
• Acetate, propionate, butyrate and other organic acids

•

Bacteriocin Production: Competitive Inhibition
• Provide for a competitive niche within the GI tract

•

Competitive Exclusion: Competition for a docking station
• Good bacteria occupy the attachment sites—Discouraging pathogen
establishment

•

Immune Stimulation and Quiescence: Immunomodulation
• Regulating the immune system response via attachment and chemical signals

•

Enzyme Production: Feed decomposition
• Proteases, lipases and amylases

• Practical considerations
•
•
•
•

AAFCO approved (GRAS)
Antibiotic resistance – stability, food safety
Delivery method‐ feed, water, other
Stability issues
• Distribution chain
• On‐farm
• Cost of production

Direct‐Fed Microbials (DFMs) for Dairy
Firmicutes
• Lactic Acid Bacteria
• Lactobacillus sp.
• Enterococcus sp.
• Pediococcus sp.
• Bacillus
• Megasphaera elsdenii
Actinobacteria
• Propionibacteria
• Bifidobacteria
Fungi
• Saccharomyces
• Aspergillus

Reviewed by Seo et al., 2010
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Proposed mechanism or
characteristic

Lactic Acid
Bacteria
Lactobacillus sp.
Enterococcus sp.

VFA Production

x

Lactate production/adaptation of
microbiota to lactate accumulation

x

Lactic‐Acid
Utilizing bacteria
Propionibacterium
acidipropionici
Megasphaera elsdenii

x

Fungal DFM
Bacillus species
Bacillus sp.

Saccharomyces
cerevisiae
Saccharomyces
cerevisiae subsp. boulardii
Aspergillus oryzae
Aspergillus niger

x

x

Conversion of lactate to VFA
Stabilization of rumen pH

x

Production of antibacterial compounds
(acids, bacteriocins)

x

Competition with pathogens for
colonization of mucosa or for nutrients

x

Stimulation of immune response

x

x

x
x

x

x

x

x

x

Long shelf stability, formulation flexibility

x

x

Production/secretion of enzymes

x

Metabolism and detoxification of
undesirable compounds

x

x

Decrease in methane production

Looking to the Future…New Concepts for
DFM Selection Systems biology approaches and “omics”
techniques are providing deeper understanding of
microbial populations of the rumen and intestine
and their relationship to the host
•

Connecting microbial community structure to
function

•

Correlation of specific microbial populations to
important health and production parameters

Shabat et al., 2016
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Take‐Home Points
• Rumen and GI microbiota are key influencers in health and performance of dairy cows
•

Complex consortia of bacteria, methanogens, protozoa and fungi

• Microbial succession occurs concurrently with rumen development
•
•

Influenced by variety of host and environmental factors
Most easily influenced early in development

• Dysbiosis or imbalance promotes the rise of undesirable microbial populations
• Ecology around the dairy can influence microbial community of the rumen
•
•
•
•

Maternal contact
Feed and water
Management practices
Environment and sanitation practices

• DFMs are one tool to promote microbial balance and achieve performance gains
•

Multiple genus, species and strains are available with different benefits

• Molecular techniques and systems approaches are opening possibilities for novel ideas
on manipulation of ruminant microbial ecology including new DFM selection strategies

Questions?
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