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Are probiotics just magic foo-

Todd Callaway
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What is all this about Microbiome and animals

* The microbiome is everywhere and can
do everything
— According to the advertisers at leas

* The gut microbiome is more importz
than we realized
— Impact efficiency, health, food safety, and

carcass quality

— Microbial “organ”, endocrinology
— Related to Health Outcomes

HEALTHY DANAGED
GUT FLORA GUT FLORA

— Wasteful Energ;
— Fiber fermentation in hindgut

Bray-Curts.
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The gut microbiome’s role in health
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Visualizing eubiotic impacts o
» Feeds and digesta are fermented to
produce volatile fatty acids (VFA)
— Gut health/integrity
— Immune function
+ Ultimately must link specific
microbiota with
metabolites of importance

— Conversion of lactate to 1‘pmp 2
linked with improved RFT (efficiency)
- DFll}r)I)increased lactate utilizers (Pitta,

Shabat et al, 2016

Evaluating cattle production holistically
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Microbial Balance Matters
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(2 Methyl Dysbiosis

Dysbiosis: disturbance in the force

an imbalance or perturbation in the microbial
ion (rumen and hindgut)
— Linked to performance and health i
— Change (goo
— Opportunity (vulnerability; transition)
* Acidosis and Laminitis
clic feeding, FI and FE, SARA, MFD
— Culling decisions driver
* Leaky Gut Syndrome
— Loss of productivity,
— Pathogen entry to the animal
— LPS from microbes, hindgut ac
— Does the microbiome mean anything’

Lo Efficiency Hi Efficiency

Higher increase in the F:B ratio

« link between F:B ratio and harvested energy
(Turnbaugh et al., 2006)

No differences in microbial diversity

——  * Lower increase in Firmicutes:Bacteroidetes
ratio

A\ v e More energy harvested from diet

Less extensive increase in abundance of
family Ruminococcaceae
« Less pH stabilization,

More extensive increase in
abundance of Ruminococcaceae

(&
|\ + Reduced Bifidobacteria
—

+ less extensive fiber degradation
ss sxiensive fiber degradatio + More extensive fiber degradation
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Greater population of Methanobrevibacter
and Methanosphaera
« Greater loss of energy as ruminal methane

Increase of Methanobrevibacter and
)Y Methanosphaera

« Less waste of dietary energy intake in the form

« Potential decrease in Thermoplasmata levels pires

(Poulsen et al., 2013)
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Microbiomes and Predictions
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Tools of the microbial trade

the efficiency of the

* How can we prevent dysbiosis and img
m ial fermentation to the animal?

Probiotics, prebiotics (C postbio cubiotics
i , natural botanic: Grilli et al.; various)
ionopho ac s/phage
with natural phytochem: citrus pex
otics on the microbial population

ulp, copra) that

« How can we make the animal more efficient?

— Using the microbial enzyme pool
— Using the microbes for health ' ﬂ
E bullet
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Category Definition/Description Product types
Eubiotics Feed additives that play an | Organic Acids, Essential Oils,
essential role in supporting | Probiotics, Prebiotics, Postbiotics,
animal performance and animal | Phytochemicals
welfare by supporting gut health
Probiotics "living microorganisms which, Live bacterial, yeast or fungal
when administered in adequate | cultures. Includes: Lactic acid bacteria,
quantities, are beneficial to the | Bacillus, Aspergilus, lactate-utilizing
health of the host” bacteria
Prebiotics Fermentable substrate not used by | Oligosaccharides,
host animal Fructooligosaccharides,
Maltooligoasscharides, inulin, smaller
disaccharides, organic acids (e.g.,
uconate) , B-glucans
Postbiotics Yeast or fungal products or Non-living Yeast or Fungal
products of their fermentation | fermentation endproducts; includes
cell wall products or fermentation end
products
Synbiotics Feed additives that work Probiotic coupled with a prebiotic, or
synergistically through multiple | a yeast product that contains
modes of action ebiotics
Phytochemicals | Plant based compounds with Garlic oils, wintergreen, asparagus,
activity (e.g. antimicrobial or anti- | dandelion greens, chicory
inflammatory) in the gut or in the
host, also termed "natural
botnicals" or *
Table I. Definitions used in this presentation, Adapted from (El Jeni et

al, 2023)

Eubiotic
inclusion

4 L 2

Host Response

« Changed Surface + Increased butyrate « Enhanced
associated microbiota « Enhanced “gut health” macrophage and

+  Altered competition for + Reduced pathogen cytokine responses
nutrients populations and tissue « Reduced systemic

+ pH stabilization (lower penetration inflammatory
lactate production and + improved epithelial responses
increased utiliztion) integrity +  Increased antibody

+ Stimulation of facultative + Altered production of response
anaerobes * Increased gut

+ Decreased CHe + Increasing binding site mucosal immunity
production competition + Increased growth

+ Increased propionate + Increased antimicrobial hormone
production (reduced A) compound production production

Increased butyrate
Enhanced fiber
degradation

Increased antimicrobial
production

Producing SCFAS or AMPs o the bindi
) N e ‘§'—’ W Probiotics (Eubiotics)
g Luminal pH | +"~ )
£ v - = ’,2\:;3( Bifidobacterium spp.
3
3 %
Microbial Acetate X % @  Lactobacillus spp.
fermentation - - - » Prop\ona(e} VFAs ‘e
of nutrients Butyrate Competitively
§i [ g w— “ l adhering to /‘- Receptor site
§3L" i -~ e f A receptor sites -
= N - = Nutrients
1§ S am ~ 1y =
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g villus Tight cell p Intestinal
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E apP Short-chain fatty acids
AP (SCFAs)
Pathogenic
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Fcells cell
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Microbial Impactors
Exclusion of pathogans

]
-

Production of acids

— VFA and low pH S & w5

Production of inhibitory compounds , i
[r—

— Bacteriocins/colicins (proteins), antibiotics

Competition for nutrients

— Limitir ri finity for nutrients

competitive

Stimulation of host immune system
— Regulation of inflammation

Combination of any of these

acts on methane vary
Impact by several DFM on g;
production in vitro
Methane emission from sheep fed hay and 3
different DFM out to 4 wk
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Jeyanthan et al., 2016

DFM - Changing the
microbial population

Propionibacterium DFM

i ased pH but did not change
A

Impacted methane production on

low starch diet on

Jeyanthan et al., 2016
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DFM — Host Gene Expression

expressed
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* Inflammats

P (Day 60)
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One theory of action

» Enhancement of indigenous Selenomonas
and/or Megasphaera populations

-
attle and in vitro (Martin, 1990; 1992) !

]
Propions Cor

— Alternative reducing equivalent sink (CH4 drop)
» Feeding malate to cattle improved FE and
ADG (Streeter and Martin, 1993)
— Some eubiotics contain malate or fumarate
— Stimulation of uptake of lactate increases pH and

— Effects of dicarboxylic acid were similar to
monensin and complementary

Growth

| Vogotative |
cycle

W/
\4m1>_/
drasen

i

Stage
Enguitment

Errington, 2010

Nature Reviews | Microbiology

21

Lactating Holstein fed probiotics
Decreased neutrophil count
ey ool I >11,000 genes differentially

87 bovine pathways impacted

* Growth hormone signaling increased
y response downregulated
* Systemic inflammation reduced

Adjei-Fremah et al., 2017

N

Prabhu, Altman,
Eiteman, 2012

Bacillus products

Bacillus are unu
Form endosp

good probiotic candidates

Amyloliquifaciens

Subtilis (produces bacteriocin)
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Dietary Components
re found in plants, and can be bactericidal & improve

0 oils

th natural botanicals dem
nd mon tri
rowth efficiency (Grilli et al., 2014; Grilli et al. 2015)

% of total bacterial population

Firmicutes. Bacteroidetes

imulate immune

Fimicute: Bacteroidetes Ratio
Feed Efficiency (kg feedkg gain)

id feedi |
‘Organic acid feeding level 02 2

QABP (g/ton)

A holis ch on the use of isti ins in South Geo
and its impacts on beef cattle production, microbiome, and sustainability

Observed Results:

- E. coli Fecal

Shedding

- Ruminal
Population
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High Grain
Diet

Understanding Microbiome ac

Specific activities STILL matter

— Rates of degradati roduction (mg us

— Connect endproducts (& microbes) w/host
ology

More than one niche/activity simultaneously

— Modelling both sides of equation

Most complex game of Pokemon ever devised

We need to understand MoA of probiotics

Production stage and farm-specific drivers

— Increasing complexity
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Conclusions

pectrum and choic

on fatigue; con y information
— Indigenous versus endoger benefits
We must understand the activities, populations :
R . . You've heard that you're more likely
and niches (and pops) of microbes to determine to be killed by a cow than a shark?
d” microbiome to select best eubiotic

. s o This is that s
stainability and Efficiency it

— Quality and
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