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Modulation of Rumen Microbiome and
Enteric Methane Reduction by SCOBY-based
Probiotics: From In Vitro Fermentation to
TMF Application

Jong Nam Kim

Department of Food Science and Nutrition, Dongseo University

Enteric methane is the
single largest agricultural greenhouse gas.

Warming Potency

Global warming potential of CH4

2 . of global agricultural methane comes of gross energy intake is lost as methane
relative to CO2 over a 100-year horizon. & & g &y

from enteric fermentation in ruminants. — an economic penalty for the animal.




Part | - Mational Palicy Context 03 7 22

South Korea's 2050 carbon-neutrality roadmap
places livestock methane in the spotlight.

2018 2023 2050
Baseline emissions Agri-Food sector plan Net Zero

2021 2030
Carbon Neutrality Act =30% livestock CH4

Mitigation strategies that integrate into existi . : — without disrupting farm operations — are
now national priorities.

Part 11 - The Biology of the Problem 04 f 22

In the rumen, hydrogen is the
currency — and methanogens cash it in.

Rumen Fermentation Cascade

Rumen H, economy
Carbohydrates VFAs + H, + CO,

- Poetate, propionate ityrs >

€O, +4 H, = CH, + 2 H,0 AG"' = ~131 kJ/mol

"Methanogens are not feeding on fiber — they harvest the H, that microbes throw away. If we redirect
that H,, methane goes with it."




Part 11 - Landscape Review 0s / 22

Existing mitigation strategies hit a wall.
Biological solutions remain underdeveloped.

3-NOP (Bovaer) MCR enzyme inhibitor -30% CH, Approved EU/US
Asparagopsis (seaweed) Bromoform halomethanes =50 to -80% Bromoform toxicity ¢ supply Filetonly
Plant secondary metabolites Tannins, saponins, EOs -10 to -25% Variable - palatability Mixed evidence
Direct-fed microbials (LAB) Shift fermentation pathway -510 -15% Weak rumen colonization Established

GSM-designed Synbiotic , sink redirection + LAB shift i 1 alidation pending

Part 111 An Unconventional Sowrce a85rezE

We turned to Kombucha.

A robust, self-sustaining microbial consortium — built by nature, not engineered.

Acronym
SCOBY Yeast = Acetic Acid Bacteria
Symbiotic Culture Of Bacteria and Yeast

vEAsT ACETIC ACID BACTERIA

Sucrose » Glucose + Fructose > thanol + 02 > Acetate
Ethanol

i\

s le organic acid endpoints —
Naturally tolerant to low pH, ethanol, and organic acids — the same stresses ative olic landscape for H2 consumg
that destroy conventional probiotics in the rumen. A self-renewing microbial
mat.
512 b "




Part 111 - An Uncanventional Source

Kombucha microbial community

A robust, self-sustaining microbial consortium — built by nature, not engineered.

08 / 22
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Part 111 - lsolated Functionsl Strains

Of seven isolates, two strains dominate.
We call them the KZ consortium.

Yeast - 2

or f 22

Komagataeibacter intermedius

IDENTITY

99.86% match - NR_026435.1

FUNCTIONAL TRAITS
Obligate aerobe — high oxygen scavenging capacity
Cellulose-producing — structural biofilm matrix
Ethanol - acetate conversion (high efficiency)
Stress-tolerant: low pH, organic acid environments

XSAST 2026

Zygosaccharomyces parabailii

IDENTITY

99.82% match - CP019500.1

FUNCTIONAL TRAITS

Lactic-acid resistant — survives acidified niches

Broad carbohydrate utilization (glucose, fructose, sucrose)

Produces ethanol + glycerol as fermentation endpoints

Versatile redox balancer — key for H, sinks

unctional Strains « K + 2




Part 111 - Working Hypathesis o8 7 22

((Hvpornesis

KZ fortified with precision prebiotics will redirect rumen H, into
alternative endpoints — starving methanogens of their substrate.

Concaptual modal

Rerouting hydrogen flux

DEFAULT — CH, EMITTING

H, + CO,~> Methanogens - CH,

H2 + Pyruvate

Hydrogenotrophic methar olize the only thermodynamically favorable H, sink

Part IV - Research Objectives 08 / 22

Three nested objectives.

From in-silico modeling to feed-system application.

01

Identify KZ-exclusive prebiotics via
GSM modeling

Construct genome-scale metabolic models for 10
representative rumen + SCOBY species (3 H.-producers, 5
methanogens, 2 SCOBY). Identify substrates utilized
exclusively by KZ.

02

Validate synbiotic efficacy on
rumen methanogenesis
Co-culture KZ with selected prebiotics. Quantify CH4 and

CO, via GC over a 30-hour batch rumen-fluid fermentation
assay.

03

Apply synbiotics to FTMR & assess
fermentation quality
Supplement TMR at 5% and 10% (v/w). Track pH,

metabolites (HPLC), and 165+ITS microbiome shifts across
14 d anaerobic fermentation.

- 11 -




Part 1V - Study Design 10/ 22

Experimental workflow at a glance

Four-stage pipeline

Methane-reducing
<V Microbes Growth rate 4
ol > L stact 1. Iso1ATION

[ Isolate & identify SCOBY microbes

J . (\\
B/-\?E >[:J”\Q

N

GSM modeling on KBase

GSM analysis

STAGE 3 - IN VITRO
Rumen-fluid CH, assay (30 h)

®® Sucrose § |
il \ == Fructilactobacillus +

i
O dcetee =i st

FTMR pilot (14 d,

Genome-scale metabolic modeling
across 10 species and 3 functional groups.

Group A - 3 species Group B - 5 species

H,-producing bacteria Methanogens SCOBY (KZ)
Ruminococcus albus Methanobrevibacter ruminantium
R. flavefaciens M. gottschalkii

M. smithii
M. olleyae

Butyrivibrio fibrisolvens

M. millerae

METABGLIC ROLE METABOLIC ROLE

Cellulolytic - fiber  VFAs + H, Hydrogenotrophic archaea - CH, output

12 -




GSM analysis pinpointed 15 metabolites utilized only by KZ.

A; Hydrogen producing hacteria(3 Speices)
B; Methanogen(S Speices)

C; Scoby(2 Speices)
compounds exclusive to KZ

Carbohydrates

Cofactors

Dipeptides Gly-Leu - Gly-Asn-L - Ala-His +6

Part V1 - From 15 to 5 13 / 22

Five prebiotics, ranked by GSM uptake flux,
carried forward into the synbiotic mix.

Uptake (g/mel}

1 Glycerol C3H03 100.000 Carbohydrate Redox-balancing energy
2 Oleate C1eH3s02 2.160 Carbohydrate Membrane lipid precursor
3 Ala-L-Thr-L TH14N204 10.804 e

4 Gly-Leu CaHI6N20: 7.096 ' peptide Branched-chain dono

5 Menaquinone-7 CABHEA0 0.186 Cofacter (Vit. k2)

KZ + Glycerol + Oleate + Menaquinone-7 + Gly-Leu + Gly-Asn-L

- 13 -




Part Vi - Result 2 - In Vitro Validation

The full mix (Car + AA + Vit) significantly
boosted KZ growth — 23% over control.

Prebiotics
030
025
3§
=1
o
020

Y

>

:Psso J’o‘ n’&

Control (no prebiotic) 0.176 :0.022
AA+Car 0.185 20015
AN+ Vit 0.213 000
Car + Vit 0.207 :o0.022

Car + AA + Vit £0.020

Combining all three prebiotic categories is necessary to maximize KZ
proliferation in vitro.

Methane Conc. [% (viv)]

In vitro CH, dropped

Full synbiotic vs. untreated rumen-fluid control.

g

40

8

Em Car+Vit
B Car+Vit+AA
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z
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g
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Time (h)

Time (h)

- 14 -

= Car+Vit
B Car+Vit+AA

vs. control (Car + AA synbiotic)

V Significant




art Vil - From in Vitra to FTMR

Synbiotic supplementation at 5% and 10%
across a 14-day FTMR pilot.

Table 1 - Diet Composition

Chemical composition of FTMR (% DM)

14-day anaerobic fermentation

16/ 22

items con 5% M 10% Mix
Crude protein 9.79 9.71 10.16
Crude fat 1.63 1.55 175
Crude fiber 10.33 10.71 9.87
Crude ash 5.23 5.14 517
NDF 2219 24.20 24.46
ADF 11.36 11.67 10.93
Part VII Result 4 - FTMR Quality 7/ 22

Synbiotic groups moderated acidification
and shifted the metabolite profile toward acetate & ethanol.

Table 5 - pH dynamics

Acidification, slowed

Days con 5% M 10% Mix
Day 0 5.20a 5.11b 5.02c
Day 7 4.86a 4.75ab 4.92b
Day 14 4.66a 4.76b 4.72ab

Figure 4 - Metabolite Prof

HPLC across 14d

[
(2]

Sucrose Glucose Fructose
12 0 CON i _f
2 o= suMe g 2
T ol = 10%Mx g r
£° 2 2
£ E E
14 H H
§ - 8
S MMM e ven 3 8
e T
Time (d)
D Ethanol E Acetate E Lactate
10 2 — 0
5 S a
2 o e} 3
< E 2. e 1%
4 H 2
10
£ £ H
B il.... i
E Bl © o
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Part VIl - Result 5 - Micrabisl Diversity 18722
. . . . .
The 10% Mix preserved microbial diversity
. .
— while the control collapsed to a few dominant taxa.
Yakie o SRRun Ve Flgsre o - pCad podivaraity
a-diversity, day 14 Distinct trajectories per treatment
oavs con 5% win 10% min A Bactest -
Day 0 613 6.27 6.49 oodcon . S
" P " a7d_con
- g D144_con g D1ad_con
Day 7 2.04 2.38 3.24 Elg ooumm A Lo . a ©0d_s%mix
7 I preaEe R T it
i ) i (RO at| 2 s e
ay 14 2.68 3.08 3.15 a1 oo s @0d_10% Min
& 7d_30% Mix A 7d_10% Mix
e 244_10% M PCI(76.32%) W14d_10% Mix
R — ool SO
14,
i pedivars
PUREMIL < ReauIE B < Commun ity RestrasTneing 1822
o . . . .
Synbiotic enriches Fructilactobacillus &
. . .
diversifies fungi toward non-Saccharomyces yeasts.
A Bacterial Phylum
O Vermucomicrobiota W Chiamydicts BACTERIAL PHYLUM (&)
£ 1] z :"""’“"“"":ﬁ":‘a’mm : ;:"m?"’ Bacillota (Firmicutes) » dominant in all groups by day 7
w0 (—
5 = O Peuseridon oo 10% Mix starts with elevated Cyanobacteriota (29.9%) & Pseudomonadota (32.9%); converges to Bacillota-
é o g P‘Jm"'rci‘ﬂ'i : B;::-' o dominated post-fermentation.
g B Gommatimonadoia B Actinomycetota
3 209 B Deinocsccata W Acdsbacterion
2 A W Cranobaceriota | Other
F S | Cnioess
ooy e
PHh 15«‘,,\5%‘,: 2o
e Bacterial Gonus
100+ O Others B Methylabacterum 5 . ) .
£ [ W Nocasdiodes ® Sphingomanas Fructilactobacillus takes over by day 14 in 10% Mix
g = uy— B Paeudomonas
g ol I u Paracoceus | Pantoea
H u Faenacs ERte—
2 a0 W Agrobacterium @ Cyanobacterota_Other
H W Pseudomonadots_Other T Ligaciobacilus
i” ] u Evine O Fudiacobecis
L @ Levilactobacillus. O Weissella
F o ot ot ot . Companiaciobaciis
S Ed hd"*# 3 @ Brevibacterium -] par
b b - g g
& e‘};@" \°1°§;‘; L ,\.i »,y;‘p:. B Clibacter

- 16 -




Part Vil - Result 6 - Community Restructuring 19/ 22

Synbiotic enriches Fructilactobacillus &
diversifies fungi toward non-Saccharomyces yeasts.

Fungal Phylum

¥ 5 : c:ﬁ:':z:; Unclassified fungal taxa increased in symbiotic treated groups
E B Muccromco Ascamycota was d at baseline, but unclassified fungal taxa increased significantly in
3 o B Cther synbiotic-treated groups. By day 7, the 10% Mix group reached 40.9% uncla ied taxa, while the 5%
3, = Mix group peaked at 43.0% by day 14,
i e
E O unclassified
o W Ascomyoola
& & & S e
R s
N G
Fungal Genus o Oters O Issatchenkia
1004 m Trichomonascus @ Hyphopichia
£ W Sporbolomyces | Dekkera Synbi treatment dive: d the initially Saccharomyces-dominated
[ m Bretanomycss @ Trfolum fungal communities by iching non-Saccharomyces genera
£ s W Kodamaea @ Vishniacozyma S - 3 3
H W Fiobasdium T Trichosporonoides
: B Candda T Medcage
£ 2] m Ascochya O Stamerela
& @ Milerozyma O Unclassified
Ly ey B Tioun o Saccharomyces
& S &
S e W lelet o
P TS el
Part VIII - Result 7 - In Vivo Methane Emission 22 28

Synbiotics-TMR reduced enteric CH4 & improved growth & feed efficiency
in Hanwoo.

9% change vs. control (GreenFeed) % improvement M1k R S} MAIKISRT 10 ERSWY u3ktk E R Lk SA RS
S ) Methane mitigation (GreenFeed) and growth + productivity
- enhancements
Me fons (g/day) -5.0%
axx Methane ™
o ouoM  owpmrs <o +20.4
5 " . s
s . aas
T10% - +5.6%
Relative abundance (%) Relative abundance (%)

The rumen tilts away from Hz suppliers, toward H2 consumers

and methanogen-inhibitors.
rect methanogen inhibitor) 3.0% > 10.6%

- 17 -




art Vil - Mechanism 1

Why does it work? Hydrogen is rerouted.

Reducing equivalents go
DEsAULT PATH where the sink is open.
Methanogens

Rerained as
L—— 5 EYA = - VFAs & alcohols

"We are not killing methanogens. We are outbidding them for hydrogen."

Syntrophic cross-feeding stabilizes
the entire fermentation ecosystem.

21/ 22

- 18 -




Precision microbiome design,
from silicon to

GSM modeling delivers precision In vitro: -70.5% CH4 at 10 h. FTMR microbiome shifted toward
prebiotic design. LAB & non-Sacc. yeasts.

X - One-slide Summary 24 25

From silicon to silage to live cattle — one slide.

B IN-viTRO PRO)
In-sitice FIMR o (01y 14) ETME Microbiome

1 5 0 ° 5% 4 ° 6 3 . 5
KZ-exclusive metabolites identified via GSM Methane suppression at 10 h in rumen-fluid Stabilized fermentation pH vs. 4.66 in Shannon diversity in 10% Mix vs. 2.68
modeling on KBase fermentation control — less over-acidification control — richer LAB ecosystem

TRACK 2 - IN-VIVO HANWOO TRIAL

- 19 -



Questions, challenges, collaborations.

- 20 -

Jong Nam Kim, Ph.D.
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Min Jung Ku, Ph.D.
Jeollanar

Seon-Ho Kim, Ph.D.




Technologies to Address Climate

Change and Improve the Health

of Ruminants by Utilizing the

Microbiome and Metabolome
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2026 KSAST
Animal Microbiome

-

Seoul National University
College of Agriculture and Life Science
Department of Food and Animal Biotechnolo
Department of Agricultural Biotechnology
Myunghoo Kim

Microbiome and Metabolome
in Animals

23 -



o |

Phenotype = Genetics + Environment

NUTRIGENETICS
SOINON3DIYLNN

Animal genetics, coupled with
environmental influences,

Insulin sensitivity
» =~ Lipid metabolism

dictate how we metabolize the nutrients GUTNICROBIGTAT) - . .* - Energy balanco
that we consume and how this shapes our . o
growth, function, and Health. 1 g

1-1. | Molecular Nutrition | Nutrigenetics ugﬁ

Nutrigenetics: Single Nucleotide Polymorphism & Microbiome

Nutrigenetics: A field that explains biological variations caused by
genes by describing how metabolic changes, such as the absorption
and utilization of nutrients, are influenced by gene mutations.

+ Even within the same organism, the metabolic processes related to
nutrients vary due to genetic predispositions.

+ This phenomenon is attributed to single nucleotide polymorphisms
(SNPs), which are characteristics of the genetic information of living
beings.

+ The microbiome plays a crucial role in the field of nutrigenetics for
ruminants due to several key factors: Nutrient digestion, Metabolite
production, disease resistance, and feed conversion efficiency.

+ Since each individual has different SNPs and microbiome, the

effects or responses to nutrient intake can vary.

- 24 -




1-1. | Molecular Nutrition | Nutrigenomics

Nutrigenomics: Microbiome to dietary responses in Animals

Nutrigenomics: is the study of how nutrients affect gene expression
and how genetics affect nutrition. It's a field that combines health,
diet, and genomics.

Nutrients can induce huge changes in gut microbiome composition
and metabolic gene expression.

More importantly, the microbiome play a central role in regulation of
gene expression in host tissue by various signals such as metabolites.
Understanding specific genes and proteins, the expression of which
is influenced by nutrients, are identified using genomics tools —
such as transcriptomics, proteomics and metabolomics — which
subsequently allows the regulatory pathways through which diet

influences homeostasis to be identified.

Also, system biology can be further applied. Metabolites ~ Metabolites

1-3. | Metabolites | Diet & Microbiota Signal
Lactate Pyruvate SCFAs
oo oo .o
*oe o | e T
GPCRs
o I |
GPRa% [ T mr |
d cH
Y Y | ‘ :::[?”3 AMPs| PPAR-y ‘
3 [ H1 |
iecs @ ‘/2 .| i NL_RP3 | | B-oxidation | |
LgriSCY_/Panethcelis -\J.‘- -\ l ”—";SJ e
. w4 X | — R o ¥
Proliferation =
Gpng'/\cmm' 5 ALDH{ orridf | GPRedY gl pagma O JoPRAT Jerors
Macrophage|  €D1030Cs  pa — Hi ROLY cell HIFY Lo R_gkyt
fﬂm IL-10 IL-22
) Th Th1, Th17 ILc3
Glycolysis' TOR | Tregcell :
S ‘_e:&/ differentiation
BA AMPs
Hv A metabolites metabolites
l | e 1 T : I A
J GPRao FXR xR §PxR 1 Krjm et al., 2016, Cell H_ost & Microbe
g JHUL I 9 = ey Kim et al, 2018, Gut microbes
TnFR2 HE-ka =, LT of NS ra | "-J;i TTa | & Kim et al, 2013, Gastroenterology
1Fes GPBAR1 qer?:r’:l‘\cn \?"‘F opleteals E _f-:mma"mm"“mh Kim et al., 2018, Eur J Immunol
aBLet GLP-1
CAMP-PKA ocs SV i 22
NURP3 B Les . :
4 nutrients MDPI
IL-18,1L-18 |
M1 macrophage Treg call T R
Sifterentiton Regulation of Gastrointestinal Immunity by Metabolites
e [ o TOF-8 Bon-HHes Gu ', Myunghos Kim -+ and Ches-Heui Yun >4+
S s
5 % L-10
L
M2 macrophage m_
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1-3. | Metabolites | Biomarker & Mechanism

Metabolomics: A comprehensive study that systematically
analyzes the circulation and secretion changes of metabolites
within cells or tissues and reinterprets metabolic networks in
relation to various physiological and pathological states.

J Understanding metabolic changes associated with specific
diseases requires ultra-precise analytical techniques for detecting
and confirming metabolite changes, as well as statistical analyses
to interpret the results concerning the physiological condition of
the organism.

Vv Metabolomics has the advantage of reflecting changes in
biochemical substances directly related to physiological or
pathological functions of proteins, allowing these metabolic

changes to be explained through phenotypes.

Metabolic pathway

1-3. | Metabolites | Biomarker & Mechanism

e

Food-metabolomics

Nutrients,
Flavor and Taste

- 26 -
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Microbiome & Metabolome in
Heat stressed-Dairy Cow

Chapter 2 T )
2-1. | Heat Stress-Dairy Cow | Metabolism & Immunity \WM
(4 n

e
2
Adverse Effects of Heat Stress on Dairy Cows

The impact of heat stress on the livestock industry Heat stress-induced immune changes in dairy cows

Sunshine pre

N —

e -
Increased body Hormonal + —, SRar, : ] l
temperature imbalance I"ﬂease?plmmw — "‘% 3 "r‘ ) oy ﬂ-t % | 4
o = o‘e’'e’e ."’% -
Changes in energy b—C3 b
metabolism - y Damage to tight junction
e
Decreased
activity
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Altered Rumen Environment: Microbial Shifts & Abnormal Fermentation

Shifts in Microbial Communities Imbalance in Fermentation Patterns
Saliva intake

(@ Fibrolytic bacteria J Microblal : (D Total VFA production

= Leads to impaired -> Driven by reduced feed intake

fiber digestion and impaired fiber digestion

=> Leads to severe energy deficit for

@ Amylolytic bacteria T
the host
- Results in decreased >
"\ Production {
host starch utilization
Energy deficit due to impaired fermentation

@ Lactic acid bacteria T (@ Altered VFA ratios

-> Causes accumulation of lactic acid (pH drop) -» Decreased Acetate-to-Propionate (A:P) ratio

- Results in milk fat depression (MFD)
@) Overall microbial diversity &

Microbial shifts lead to Altered fermentation profiles severely restrict
severe ruminal dysbiosis & fermentation dysfunction. energy availability & degrade milk quality.

Systemic Consequences: Energy Deficit and Compromised Performance

Rumen Environment under Thermoneutral Conditions

Shift in Energy Allocation &
Reduced Productivity &

l Immunity

Ruminal Dysbiosis Systemic Energy Deficit

Ener{.])r l ATP& < \
* ‘ \I| VFALL | ". “
AP ratio l - -l‘ -

P ~a

Ruminal dyshbiosis induces a systemic energy deficit, ultimately leading to altered
energy partitioning and compromised performance and Immunity
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2-2. | Heat Stress Biomarker

Rumen Microbiome

PBMC / PMN
isolation » PBMC
- : qQRT-PCR to compare pro-inflammatory
L 0 cytokine mRNA expression level
¥ -
@ > PMN
T 5 o _: Immunocytochemistry staining
PEMC qRT:PCR Flomwcytamedry to show the image of NETosis &

2-2. | Heat Stress Biomarker | Microbiome

Holstein

HSP-related genes

Brced™Time = < 0.0
a

h I
& _f ,.J‘R ¢
A &

. Normal Heat

atwisn

B Environmental adaptation

Ssey bt 4 Htnin Hast & ey Mormal 8l Mot

Differential Dynamics of the Ruminal Microbiome of
Jersey Cows in a Heat Stress Environment
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Metabolomic and transcriptomic study to understand changes in
metabolic and immune responses in steers under heat stress
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2-2. | Heat Stress Biomarker | Metabolites .

2 ”
Changes of metabolome phenotype in Diary Cow by Heat Stress
i . c i [N » i . Changes of ruminal metabolome
Trimecanive - " in dairy cows by heat stress
Acetate [N ! !
o . A * Kynorenive [N ®Heat stress significantly altered
f i g . ver ) metabolic profiles in the rumen
: s . i 5 b v [} ° ¢ Carbohydrate metabolism
g i ¥ bt Trypipbanmetbolin e (acetate, maltose, glucose) and
T e | NAticonce I . e | R tryptophan metabolism
oo e Giucose L ' . Y ey
[y o1 ’ . ;‘Q i (kynurenine) were significantly
Group ® OTP ¢ HTP st 8o ¢ impaired by heat stress.
Upregulated ® OT';:; HTP Pty gt
Changes of serum metabolome
A B [CRESTy— | D ST, S in dairy cows by heat stress
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A i ciooe TR | S . glycine, serine and threonine
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Shifts in Host Metabolism and Negative Energy Balance

2-2. | Heat Stress Biomarker | Metabolites

Heat Stress-Driven Negative Energy Balance and Systemic Cascades
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2-2. | Heat Stress Biomarker | Immunity L (G -
S n
Changes of immune phenotype in Diary Cow by Heat Stress
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Joo et al., 2022
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2-2. | Heat Stress Biomarker | Immunity

® NETosis (Neutrophil Extracellular Traps Formation)
Cell death process in which neutrophils, a type of immune cell, die and release

their intracellular DNA, histone proteins, and antimicrobial enzymes into the

extracellular space like a trap to eradicate pathogen.

Bovine Blood Sampling Dish Preparation PPEMC Isolation PBMC Seeding
n PRMCS
e , @ i i \\ i
7 o) Thins
/« —0 — m—b — Sleu— | — |
‘ g
v’h ) ' et ‘
‘. ; “.w
I Groy 1 Control PMA 100nM PMA 100nM
Control 1000 PMA uml +5% Heat Serum 1 1hr, 37°C 1hr, 42°C

— e e
Contol o] 13 PMA 00 (0] 3 PUA 10000 (ON! J g
o 1 ki 1: Shiniing - l PMA 100nM PMA 1000M PMA 100nM PMA 100nM
e el sy 2hr, 37°C 2hr, 42°C +5% heatserum  + 5% heat serum
- - - 1hr, 37°C 2hr, 37°C &

2-2. | Heat Stress Biomarker | Immunity

Shifts in Host Metabolism and Negative Energy Balance

Heat stress can induce systemic inflammatory responses in dairy cows.

Heat stress

A
'.' @ Shifts in Systemic Immune Cell Populations

4 >

= \e™C inflamma -Inflammation
S %

CD4Tcell T
CD8Tcell T

» = Increased proportions of CD4+ and CD8+ T cells
v

@
&
e

Perforin#/CD8+ T cell 1
IFN-y+/CD4+ cell T

(@ Alterations in Pro-inflammatory Cytokine
Expression
-> Significant increase in TNF-a, IL-1B, and IL-6 levels

- Leads to increased energy expenditure for

IL-1 B t immune maintenance
IL-6
-2t
— | 101 Reduced productivity due to
PEMC Inflammatory inefficient energy expenditure.
cytokines
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Integrated metabolome and immunity analysis of immune-physiological responses
in dairy cows under heat stress condition

Jun Sik Eom a, Sangjin Lee a, Joonpyo Oh a, Byeong Cheol Ban, Yeeun Kim, Goeun Han, Bon-Hee Gu, Eun-Tae Kim, Sang-Bum Kim, Sung Sill Lee* and Myunghoo Kim*
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IL-17a
IL-1b

T TNF-a
B sone HsP70 05
HSP90
. ' 1.0
r| 2 .
fr b o“b é 6‘ G m "Go*?df :&6\0 \o
. ! R R AN \° S 0 \F 2
ST @e \P;n e &
e &
s o
Group ® OTP @ HTP @

A3 UYAELt 39

HEAS| FH EE1E CHA H'E

27| |:||2

B OiAF S 2318 i EE2tE 71 AR B2

Q Invitro B7I5 S¢ EHe3HE 7[HH 0|1 X| 5 At M
Table . Effect of soluble sugars on pH, gas production, NH3-N, and VFA after 24 h incubation.

i 12 6891003 | 689002 | 6:91£002 | 6:90:003 | 688£003 | 0012 | 05608
B 24 6.83£0.03" | 681£0.04' | 6742004" | 679£0.01° | 680£0.02° | 0.011 |0.0010
12 17.60£1.52 [1920£2.05 |19.80£3.27 |19.80:0.84 [18.40+152 |0.012 |0.3733
Total gas (mL)
24 2640167 | 30.60%1.82* | 31.00£2.00° | 30.00£0.71* | 28.80£1.92* | 0.011 | 0.0024
12 598:0.16 | 4.66+021 | 592£0.36 | 648206 | 583+081 |0.339 |0.1740
NH,-N (mg/dL) -
24 677+1.73% | 603+0.68 | 10.79+1.80° | 9.38+2.62% | 11.44£2.49* | 0.868 |0.0018
; - 12 45.94£2.54' | 46244 136" | 44.0121.07 | 41.8321.39" | 44.49£1.21° | 0.677 | 0.0023
Total VFA (mmol/L)
w 4 46.59+351 48214262 |49.66+184 |50.95+269 |4689+271 |1.631 03437
\—/ Acetate 12 2744+1.27° | 2802+040° | 27.0+045" | 26.15£0.87" | 27424043 | 0.338 [ 0.0233
Metabalites (mmol/L) 24 2825+1.36 | 2895129 |30.30£0.99 |30.32:1.60 |2953£1.14 |0.853 | 04190
12 1059£0.62% | 10.76+0.78' | 1007027 | 9.61+0.34° | 102120.28" | 0.161 [0.0011
+ Propionate (mmol/L)
’ 24 11102078 [ 1181£1.02 | 12292059 |12.1521.07 [1113£059 |0.445 |0.2446
! 12 7912073 | 746%136 | 6942070 | 6.07:1.13 | 6.87+157 |0.440 |0.1028
Butyrate (mmol/L)
24 7242100 | 7452067 | 7072023 | 847:154 | 623%1.46 |0.546 |0.1650
- Ap 12 259+254° | 260+002° | 268+006* | 2724005 | 2.68+0.04* | 0.020 |0.0011
feed T . 24 2554005 | 246+0.04" | 247£005" | 2.5040.03% | 2.66:0.11° | 0.034 | 0.0098

Ban et al., Scientific Reports (2025) m_
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2-3. | Heat Stress Mitigation | Nutrition for Heat stressed-Dairy Cow
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Fig. Effects of carbohydrate metabolites on cytokine and HSP expression in PBMCs of dairy cows.
Ban et al., Scientific Reports (2025) @_
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Fig. Ditterential ruminal metabolome of Heat stressed Holstein dalry with or wnhout sucrose supplementation.
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Fig . Effect of sucrose supplementation on T cell population
in PBMCs of heat-stressed dairy cow.
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Fig. Effect of sucrose supplementation on cytokine
expression in PBMCs of heat-stressed dairy cow.
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Potential regulatory mechanism of sucrose administration on metabolic process in dairy cows with heat stress.
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Ban et al., Scientific Reports (2025) @_
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3-1. | Functional Nutrition
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Development of Intestinal Immunity in Calves
Influenced by Various Factors

2U8 g 71s
A = 7E A8
PRl SE oM B2EA 7| 5H At o)

ogenic bacteria

2024, Cell

Infection Resistance in the Development
of Calf Intestinal Immunity

-

=
| =
-

Article R e
Dynamic Changes in Fecal Microbial Communities of Neonatal

Dairy Calves by Aging and Diarrhea

- -

L_EE REN

2 -1 0 1
LDA SCORE (109 10)

-39 -



WSOLX| AL Lol nt2

Fuamicutes

g

Li Oro|3 2Ht0|F

8) ()
W Carher R Predanhes

e gan sepoec |
e ]

—— "‘““"‘"=

Pratectactena

Article

LOA SCORE {log 10}

Dynamic Changes in Fecal Microbial Communities of Neonatal
Dairy Calves by Aging and Diarrhea

W Diarhes NN Post-diamhes

LDA SCORE (log Iﬂ)

]

A

B

: .
| ABX =
o .
(- L]
= . &
g . o .
[-%

PC1 (48.5%)

—-—
=
—
.
Control ABX

C -
e
S
g Togrrte o 2
| 5
e o 5
e, :
i T S— . i
H el Caggme Tean :
Fil s | o T oy o= 5]
- W Wwﬂm;ﬂ: . A
LB oy Seye oo o™ 3 o
B
L M, % .
s
D Tryptophan Indole-3-acetic acid Indole-3-proplonic acid
o e it ik G, e
o L
i 1 BE 1 +
= kg Baed ¢
m
.0 L H L]
& ik e Py
Indole-3-lactic ackd Indole-3-aldehyde Tryptamine
P Coatal P oy e
Evu- E"-"" sam- ]
o 13 % Soooead | ¢
i . =
™ .
00 i ]

@ = Unpublished ﬂ




Chapter3
3-3. | Ongoing Research : Gut Environment for immunity & Metabolism \W
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Characterization of Core Microbiota
and Methane-Related Functional Genes
associated with Methane Emissions
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Characterization of Core Microbiota and
Methane-Related Functional Genes
Associated with Methane Emissions and
Growth Performance in Cattle

Min-Jin Kwak, Ph. D.
Department of Forest Products and Biotechnology
Kookmin University

Introduction
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<7 Global warming

O Fire disaster Global warming breached 1.5°C threshold in 2024

TN ] g—

The L.A.
Disaster

FACING A WORLD ON FIRE

<7 Global warming

3 Flood disaster
103.3

(Espafia et al,, 2024)
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< Greenhouse gases

Greenhouse gases: gases in the earth’s atmosphere that trap heat ot

GREENHOUSE
EFFECT

STRENGTH OF GREENHOUSE GASES
Reflected back to space
by the atmosphere

)

Greenhouse gases
trap the heat from the sun

KMU

< Global Methane Pledge in livestock

Reduce methane emissions
by 30% below 2020 levels until 2030

If successful, warming is projected to d
ecrease by 0.2°C by 2050

160 countries signed up to GMP

ANIMAL & FEED MANAGEMENT
Spae
« Improving pasture * 5
DIET FORMULATION
= By.

-products » Oilseeds
» Decreasing forage- = Increasing
to-concentrate

R L
» Oils and fats * Urea

RUMEN MANIPULATION
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Results

2% Results

- Characterization of experimental treatments based on FE and Methane yields
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Results

- Physiological results of cattle
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> Results

- Rumen microbiome analysis
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Results
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Results

- qPCR analysis related to methane-producing bacteria
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.y Results

- gPCR analysis related to methane-producing genes
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Results

- Correlation analysis of methane-related genes and rumen microbiome
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=% Results

- Machine learning analysis to predict methane yield
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Conclusion & Perspectives

>y ML-based mitigating methane emission

Functional annotation
Gene ontology
Pathway

Network

B

= Methanogen \

Test set

Predicted methane-mitigating model
Low-methane microbiome

Key modulator for methane emission
Engineered microbial community

L A )

22
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Rumen-Derived Next Generation
Probiotics for Sustainable Bioplastic
Production and Microplastic Toxicity
Mitigation

19 &

Kim, Younghoon
(MZtheta)

(Seoul National University)
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r_ﬁeoul National University
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Source: Tanaka et al. (2022) Polymers, 14(15):3063

Background

Results (1)

- PHA producing bacteria

Results (2)

- Microplastic toxicity

Further study
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Background

Current problems of petroleum-based plastics

Global primary plastic production Occurrence and exposure of
By industrial sector, 1990 to 2019 microplastics

Walker, Tony R. and Lexi Fequet (2023)

2000 2005 2010 2015

OECD, 2022, Global Plastics Outlook: Plastics use by application

Van-der Veen et. al., 2022

Problems of petroleum-based plastics

Fossil fuel Low Long-term Microplastic
dependency recyclability persistence pollution
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Bioplastics: Plastics that are bio-based, biodegradable, or both

Publications on bio-based and biodegradable plastics by year Contribution by subject area & [e——
" b onciva <

w

o 400 s
-4
fw o
% o
5 .
.‘3 200 i)
:
Z 100 @0
1s=sumu|luw‘7W”""’”’"’““su &
L]
g b iR S ab s A i i
0 FOERLLLIELEEEFEEPELETTTESTITE 4

Years
Moshood, Taofeeq D.. of al. (2022)

Three types of bioplastics

« bio-PE - peL . PLA
« bio-PET - PVA o PHA | . viores

* bio-PP « PBAT

PHAs for sustainable bioplastics

PHA monomer diversity

B c
e CHg O
H
O OH
n
A : Polyhydroxybutyrate
N (PHB)
| 5 M

Choi et.al. (2020)

+ Microbial polyesters accumulated as intracellular storage granules
» Bio-based and biodegradable bioplastics

* Monomer composition determines polymer properties

* Representative polyhydroxyalkanoates (PHAs) type: PHB, PHBV
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Discovery of PHA producing bacteria

[ Carbon source screening ]

High natural PHA production from acetate 2
in Cobetia sp. MC34 and Cobetia marina DSM
47417 and in silico analyses of the genus specific
PhaC, polymerase variant

Strain Cabonsubstrate  ODy Mtharvest  COW(@L1  PHB(%OfCDW)  PHV(WofCDW)  PHA(QL)

Microbial Cell Factories (2021)

[ Genome analysis ]

o EHES @ BB) » =
sk - e M
Halomonas
i ousprogencsis NI -z
————— TDO1

% Cobetia sp. MC34: 2.5 g/L PHB from acetate
<+ Cobetia marina DSM 4741T: 2.5g/L PHB from glycerol

2% ghyoerdl

<+ Wild type bacteria can show strong PHB accumulation

Large-scale production

Production of polyhydroxybutyrate with high cell density cultivation using
thermophile Caldimonas thermodepolymerans
Jun Won Jang ', In Yeub Hwang "', Ok Kyung Lee ", Eun Yeol Lee ™

* Depurtmass of Chussicad Enpinesring (BICL1 FOUR iniegrstedd Enginesring Prugrun) Collegs of Engincering Kyaey Hee Usiversicy Repablc of Kores

Bioresource Technology (2024)

[ Large-scale fermentation ] Optimization

If Thermophile fed-batch fermentation (50 °C) Lot o= = o o0 L
= ‘\ L " 2 000
/ High-cell density growth phase PHB synthesis phase \ - ol - P @
(N-supplement) (N-limitation) | :!! - ” E B
€ ..
2 ow] _ g -
Fuw o Bl g g
r £ = 2w oz
Xyl T Hylose - g « ‘)‘ <. 8 ]
o 2= o = H Bl |,
» 0z S |u
0 n
o
o °
o = x
Time (h)
Stage 1 Stage 2 '
_—— = o —
H
; f. H
i S
II 1= : :
\ 1.30 g/lL/h /

< Nitrogen limitation promoted PHB accumulation (31.9 g/L with 1.30 g PHB/L/h).

%+ Thermophilic PHB production may reduce contamination risk.
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Metabolic engineering

ARTICLE

PEN

One-step fermentative production of aromatic
polyesters from glucose by metabolically
engineered Escherichia coli strains

Jung Eun Yang', Si Jae Park?, Won Jun Kim!, Hyeong Jun Kim®, Bumjoon J. Kim?, Hyuk Lee? ) o
Hhioon ZHITa S Shog g Lae@ii Nature communications (2018) [ Aromatic PHA pl‘Odl.IC'tIOI'I ]
o o
[ Redirecting carbon flux ] — P
AcetylCoA Acetate
Bulky growp
o o
\%\ o s
2 Hydrox yisocaproate zwnmwi::amﬂwcﬁ.\

mmm%

aHydaophenylactatle 2 W*““ +

%+ Engineered E. coli produced poly(3HB-co-D-phenyllactate) from glucose.

“ Gene deletions redirected carbon flux toward aromatic monomer production.

% Expression of HadA evolved PHA synthase, and PhaAB enabled 3HB-containing
aromatic polyester synthesis.

Industrial by-product upcycling for PHB production

Production of bioplastic (poly-3-hydroxybutyrate) using waste paper m
as a feedstock: Optimization of enzymatic hydrolysis and £
fermentation employing Burkholderia sacchari

Journal of Cleaner Production (2018)

Huda Al-Battashi *, Neelamegam Annamalal Shatha Al-Kindi *, Anu Sadasivan Nair °,
Saif Al-Bahry °, Jay Prakash Verma ", Nallusamy Sivakumar *

sky. PO Box 36, IC 123, Oman
ity, Mowkesbury Campus, Penrith, Sydney, New Sauth Woles, Astralia

Optimization

& \ I’

Untreated OFP

>

Treated OFP

Components Untreated WOP (%) Pretreated WOP (%)

B a!
2 Callulose (glucan) 52162167
H Hemicellulose (Xylan) a 30
=z Total carbohydsate
Lignin
Ash
Moisture

EBimas gLy - Pt

~  Hydrolyzed OFP

2,

% Converting waste office paper into a fermentable carbon source of PHB production.
%+ 92.1% sugar utilization with 1.60 g/L PHB.
% Waste upcycling can reduce feedstock cost.

10
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Bioremediation of activated sludge

From waste activated sludge to polyhydroxyalkanoate: Insights from a
membrane-based enrichment process

Antonio Mineo *®, Mark M.C. van Loosdrecht”, Giorgio Mannina *

* Brgincering Deparsment, Pelermo University, Viale delle Science ed § 90128 Palermo, Imly g 2 .
¥ Deparament of Bissechnology, Delfe Universizy of Technology, Vn der Maaswe § 2629 HZ Delfc The Neherlend:  Chemical Engineering Journal (2025)

Sludge bioremediation

.r-l-,_ “ B .* H‘" P 2 I HWM .: f
~ .iﬁ;?.s .' @.& : ? ‘ 3 i i e

- »

[ pa——

+ Integrate sludge treatment with PHA production

<+ Carbon removal (96.3%) and nitrogen removal (89.9%)
+ PHA storage yield up to 0.42 g CODPHA/g CODVFA

11

Rumen microbiome

B Biodiversity of Rumen Microbiome

Rumen Microbiome: Reservoir of uncultivable microorganisms and new functional
biological enzyme resources
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Rumen microbiome

I Biodiversity of Rumen Microbiome

Eructation
CH, and CO,

Diet: Forages + grains

cg;zu-.-arrn-m.—i

i

@FNFI] A8H= O Wm0l Qo] Bt
@SR Efofo] 243 H#ul pHl =3
@ EHEE 0la R0l oisl Eaisio] HhiRiold B B4
@ ZEMe Y2uof 2aizo] oltiol Dl EH HEE
©O0PEEE Aol Bl ols] E4Sl0] Foj A8 E4

@B BNE XY, TUEE A0AE AT F5

@ 227100 B FYRE 2ol oluiXIE, B, X ol

Diet composition directly influences the rumen microbiome structure, which affects
microbial functions and consequently biomass degradation, resulting in the release of
methane (CH,) and carbon dioxide (CO,) via eructation and volatile fatty acids that are
absorbed by the epithelium abomasum.

Rumen microbiome

B Carbon neutrality and rumen microbiome

ScienceAdvances

B Biodiversity of Rumen Microbiome

P9 IV IO
%

CURRENT 1SSUE

A of the i
tates dairy cow productivity and emissions

»
South America

" "

Henderson et al. 2015

il RRGHETWORK.

Global Rumen Census

MYTHERESA

Gmarket

Future strategy for the animal science and industry that improves productivity and

achieves carbon neutrality through the discovery of highly functional microbiome derived
from rumen fluids
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Rapid growth of cell technology for cultured meat

QSDA National Institute for Cellular Lab-Grown Meat’s Carbon Footprint

=l Agriculture at Tufts University Potentially Worse Than Retail Beef

Study Finds Scaling Up Production Using Existing
Processes Highly Energy-Intensive

Welcome to the
USDA National
Institute for Cellular

Agriculture at Tufts
University

USDA $10 million investment (2021) State of California $5 million investment (2022)

Raszap Skorbiansky, S., McFadden, J., & Saavoss, M. (2024). The Economics of Cellular Agriculture.

Cell culture spent medium from cultured meat production

[ Cell culture industry ] [ Generation of the spent media ]

1 ton of cultivated-meat

=10,000 L of culture medium Lactate, proteins, metabolites, ammonium

[ PHB production ]
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Bioconversion of cell culture spent medium

#’ ‘j , ’ dshours‘:!?'c-
T o =y g =
= T 0 T
- -Hulslein - Bacteria Isolation Cell culture waste é-

(Male, 36 months) - )

- 4

e .7 « A
2hours,80°C __ > Z

PHB extraction using Sonication (Cell lysis)
Dimethylcarbonate (DMC)

Polyhydroxyalkanoate (PHA)

02

Results (1)

- Isolation and Characterization of PHA producing
bacteria from rumen fluids
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Bacterial isolation for PHA producing bacteria

[ Isolation of CSM-growing bacteria ] [ Screening of PHA-producing bacteria ]
D

Strain

]
AEPS10
AEPET1 AEHD1 AEHD4 AEPS2 AEPSY (selocted)

N-1
(PHB positive)

Wﬁﬂﬁﬂﬁﬂ

0 6 1218 24 30 36 42 48 54 60 66 72
Bacterial growth in CSM (hours)

mh .......

++, spore) ]

< Among 60 rumen fluid-derived strains, 6 isolates formed visible colonies.

%+ AEPS10 was selected for further analysis
19

Bioremediation and polymer production

[ Bioremediation ]

ok
B —_— ok
e ieees S ...
60

>

N
o

= K s

= = AEPS10 s o
= o - =
E - 26 _E 15
3 50 230 =2 E
k| ] 8 4 = o
H 82 2 110 125
¢ 10 2 Z s

oay2 L 0 o

¥ FM  CSM N4 AEPS10 FM  CSM N4 AEPS10 FM  CSM N1 AEPS10

[ Biopolymer extraction ]

Bacteria Cultivated Meat Ultrasonic Biopolymer Extracted
Preparation Spent Media Solvent Extraction Recovery Polymer
. s,
— | —_
Biopolymer
particlas
0D600 = 1.0 37°C, 180rpm, 72hours Cell lysis + Dimethylcarbonate Ethanol (99.99%) Alrdried

+ Biochemical oxygen demand (- 77.8%)
« Total organic carbon (- 62.7%)

< Ammonium (- 46.5%)
20
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Polymer characterization

A B

PHB (99.99%)

e

Transmittance (%)
n

C=Ostrotching —+ |

N

% FT-IR spectra matched standard PHB.
< NMR confirmed PHB-specific chemical structure.

“ Recovered polymer was identified as PHB homopolymer

21
Dynamics of PHB production
[ Single-cell analysis ]
A 20 Stationary phase o Sertla'cotiol Nile Red spot quantification
-#  SLAM1
g = SLAM3 —
3 SLAM7
E SLAM10
* -o- SLAM12 Spots per cell & area of red spots
-+ SLAM25
0 6 12 18 24 30 36 42 4B 54 60 66 72 D .
Bacterial growth in nutrition-stress media —
B (hours) *
& (|
- - 8 :
g 3
2 <2 1
24h 48h 72h = i E
(Early log phase) (Early stationary phase)  (Late stationary phase) 2h 43 Toh o i 0 Py .
++ PHB accumulation was stationary phase-dependent.
% Distinct granules appeared at late stationary phase.
% Granule number and total granule area increased over time.
% Residual CSM carbon likely supported PHB storage.
22
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Dynamics of PHB production

[ Carbon supplementation ] . —

®
T -
H
3 .
w 4 -
=
3
H
[

-

25

Granule area (um?)
Total area (pm?)

B
0

Glucose supplementation (g/L) 0 5 10

CiN ratio (mol Cimol N)  6.47 7.77 9.10 1187

R
1
1000 -
800 -
= g
2 o0 S §
E
£ P E &
2 a0 . o o
L 4 @
3 - o {

200

e

* Increasing the C/N ratio promoted PHB accumulation in AEPS10.

The 5 g/L glucose condition showed the highest PHB production.

PHB granules became more distinct under carbon-supplemented CSM.
Carbon availability strongly influenced PHB storage capacity.

e ot ot
e e e

23

Molecular characterization of PHB producing bacteria using WGS

ACTID9 03840
B PHB gene cluster (453bp)
ACTID9 03820 ACTID9 03825 ACTID9 03830 ACTID9_03835 ACTIDY_03845
N . (444bp) (777bp) (1,029bp) (450bp) (741bp)
Senamicanalysie v e > v oo >
19bp 58bp 73lbp 22bp  1ibp

FAS gene cluster
ACTID9 17425 ACTID?_17430 ACTID9_17435 ACTID9_17440

(1,242bp) (234bp) (741bp) (951bp)
acpP
JobF JabG (3) K fabD l—
121bp 76bp -6bp
D PhaB vs FabG

100 100

L 80

o 50
ATCC 14879

Lot 40
NBRC 15308

Whole genome of AEPS10

S
PI TS
Lo

Class : v m

% AEPS10 carried a Class IV-like phaC region.

% PHB-related enzymes showed similarity to Bacillus-type PHA systems.
++ Conserved enzyme identity supported PHB biosynthetic potential.

+ Gene organization suggested strain-specific PHB regulation.

24
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Molecular characterization of PHB producing bacteria

I. Isolation of Bacteria I11. Genomic Analysis
""‘. e =) f
i Culturomics \ 'i !|
- : = =
s ‘ Screening v (I T} = =
P,

2,

11. Bi diation and PHB Producti {} -
%, € ™\ 4 ‘=

o { A\ | 1 -y

= Cellular :\_T/x);\/: s B - !

L J&{ e oo i

FT-IR spectroscopy [l SEM imaging | .,

characterization

Cultivated meat production . A, Structural &
\( B morphological
; i
Bioremediation R\ nalfyle PHA synthase gene
= )
00 S‘ 3 ) % ’

A
ction

Brevibacillus fluminis SLAM AEPS10

Amino acid comparison

<+ This study connects waste treatment and bioplastic production in one bacterial process.
< AEPS10 reduced BOD, TOC, and ammonium in CSM and accumulated recoverable PHB.
< This strain provides a starting point for applying animal-associated microbial resources to

waste-carbon conversion.
25

04

Further study
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“Enbiotics” for microbe-based sustainable animal production

/’—[ Livestock industry ]—\

o0

-
1

Fa ciu we A ru caw wn et

, e

++ Organic waste

++ Biocatalyst resource

\—[ Bioplastic production platform ]——/

Bacteria Cultivated Meat B\opolymlr Extracted
Preparation Spent Media So\vem Exlracﬁon ) ; folymlr‘
‘ )ﬁﬂ — —
= particlas.
L J ¥
ODE00 = 1.0 37°C, 180rpm, T2hours cw lysis + Dimethylcarbonate Ethanol (89.99%) Alr-dried
g = '[ Bioremediation ]‘ = I" 5 ‘[ Circular economy ] ===
: ) : 1 :
t % Waste reduction : | *» Reduced waste treatment costs |
: e 1 ! 1
i % Improved sustainability ! \ % Biomaterial production -
O i T - ~ ’

43

Gut microbiome is important role on the
production and robustness of livestock as
well as health function of companion animal
- Itis necessary to secure live and active gut
microbiome for applying to animal industry
using culturomics, not just observation of
microbial change with metagenomics
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“Next Generation Probiotics” in Animal Science

O'Toole et al. NM 2017

Multiomics analysis

Probiotics Live biotherapeutics
0 (and next-generation probiotics)
. . : Long history of use, eg. No histary of use, e.g.
DFM appl!catlon V\{Jth. SPOICS Bifidobacterium Akkermansia
forming probiotics Lactobacillus Bacteroides
— - Saccharomyces Faecalibacterium

Veete. i) S N

Escherichia coli

i
Spore-forming bacteria like Bacillus | Z}F{
coagulans and Clostridium butyricum have % ¥ :

i

various health benefits on the livestock as
well as companion animal

lFOUd and supplemenlsl lMedicinel

Combination of multiomics analysis and DFM application with spore-forming probiotics will be
open new era for next generation probiotics with concept of LBP in the animal industry
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Thank you

For your attention
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