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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.
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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
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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
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Microbiome & Metabolome in
Heat stressed-Dairy Cow

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

- 29 -



2-2. | Heat Stress Biomarker

Rumen Microbiome
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2-2. | Heat Stress Biomarker | Microbiome
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Metabolome &4 &8 X4 12 AEY A S0|X CfA 58 7F
@ Animal Nutrition

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 .
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Changes of metabolome phenotype in Diary Cow by Heat Stress
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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

® 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.
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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
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Integrated metabolome and immunity analysis of immune-physiological responses
in dairy cows under heat stress condition
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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.
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3
3-1. | Functional Nutrition
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Chapter3
3-3. | Ongoing Research : Gut Environment for immunity & Metabolism \W
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3-3. | Ongoing Research : Gut Environment for immunity & Metabolism
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