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Is it possible to provide a single diet formula for
- Dog and Cat ?
- Young, Adult and Senior animals ?

- Healthy and illness condition ?




Commercialization Personalization
* L) *
All Life Stage - Breeds Personal information
- Activity - Behavior
- Health condition - Health information
- Functional claim - Examination
- Blood profiles
- Microbiota

- Owner’s perception




Key concepts for animal nutrition O@«?

I—» Physiological, Chemical and Biological hazard
Safety ® Palatability ® Digestibility ® Nutrients ® Functional properties ® Sustainability

|

Raw materials +/- Supplements are formulated and processed in appropriate ratios to meet

Type of diets: Dry, Wet, Semi-moist, BARF, Homecook & Others

*

Nutrient requirements, with feeding carried out at suitable amounts and using appropriate methods.

9 ¥

;  Free-choice (Ad libitum, Self-feeding)

- Healthy condition ( @FFFCO,, Hands 2010) » Portion-controlled feeding
- Clinical nutrition (KNF: Hands 2010, PANUT)

- Research publication

- Personal knowledge & Experience
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Table 14-2. Key nutritional factors for foods for mature dogs.

Small Animal
Clinical Nutrition

Factors Recommended food levels*
Normal weight and Inactive/
body condition obese prone
Water Free access Free access
Energy density (kcal ME/g) 3.0-4.0 3.0-3.5
Energy density (kJ ME/g) 12.5-16.7 12.5-146
Crude fat (%) 10-15 7-10
Crude fiber (%)** =2 =10
Protein (%) 15-23 15-23
Phosphorus (%) 0.3-0.7 0.3-0.7
Sodium (%) 0.15-0.4 0.15-0.4
Chloride (9%) 1.5 x Na 1.5 x Na
Antioxidants (amount/kg food)
Vitamin E (IU) 400 400
Vitamin C (mag) =100 =100
Selenium (mg) 0.5-1.3 0.5-1.3
Food texture (VOHC Seal Reduced Reduced
of Acceptance) plague plaque
accumulation accumulation

Key: kcal = kilocalories, kJ = kilojoules, ME = metabolizable
energy, VOHC = Veterinary Oral Health Council Seal of
Acceptance (Chapter 47).

*All foods expressed on a dry matter basis unless otherwise
noted. If the caloric density of the food is different, the nutrient
content in the dry matter must be adapted accordingly (Chapter
1).

**Crude fiber measurements underestimate total dietary fiber
levels in food.
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AAFCO Dog Food Mutrient Profiles Based on Dy Matter?

Nutrient

Crude protein

Arginine

Hiztidine
[soleucine

Leucineg

Lysine

Methionins
Methionins-cvstins
Phenylalanine
Phenylalanine-tyrosimnse
Thraommne
Tryptophan

Yaline

Crude fate

Linoleic acid
alpha-Linolenic acid

Eicosapentasnoic +
Docozahexaenoic acid

(Linoleic +
Arachidonic):(alpha
Linolemc +
Eicosapentaenoic +
Docosahexaeno )
acid ratio

Minarals

Caleium

Units
DA
Basis

Growth and
Reproduction
Minimun

5 o I -
B i c®

1.0

0.44
0.71
1.29
0.90
0.35
0.70
0.83
1.30
.04
0.20
068
.5

1.3

0.08
0.05

Adult
AMaintenance
Minimum®

18.0
0.51
0.19
(.38
0.68
0.63
0.33
0.65
045
0.74
048
0.16
0.49
5.5
1.1
NDd
D

UNF

v

Maximum

31

25118



https://www.markmorrisinstitute.org/sacn5_download.html
https://www.aafco.org/resources/official-publication/
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Term AAFCO Definition’

Light/lite/low calorie* Contains < 3,100 kcal metabolizable energy (ME)/kg for products containing
< 20% moisture

Contains < 2,500 kcal ME/kg for products containing 20-65% moisture

Contains < 900 kcal ME/kg for products containing > 65% moisture

Lean/low fats Contains < 9% crude fat for products containing < 20% moisture
Contains < 7% crude fat for products containing 20-65% moisture

Contains < 4% for products containing > 65% moisture
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RESEARCH

Effects of prescription diet on dealing with stressful
situations and performance of anxiety-related behaviors
in privately owned anxious dogs

Maki Kato®, Kazuki Miyaji®, Nobuyo Ohtani®, Mitsuaki Ohta®

Abstract The objectives of this study were to evaluate the effects of a diet (CALM CANINE) supple-
mented with alpha-casozepine and L-tryptophan on the stress response of anxious dogs with a focus on
anxiety-related behavioral parameters and physiological parameters. Forty-four privately owned dogs
were first fed with the control diet, followed by the study diet, each for an 8-week period, with a tran-
sitional period of 1 week between the diets. After 7 weeks on a particular diet, owners reported their
dogs’ behavior by filling out a questionnaire. Using the Canine Behavioral Assessment and Research
Questionnaire, the effect of the study diet was found to be significant for 4 anxiety-related behavioral
parameters, possibly mirroring a placebo effect. After 7 weeks on each diet, the urine cortisol-to-
creatinine ratio (UCCR) was measured to assess the stress response to a visit to a veterinary practice
for toenail clipping. UCCR was measured to complement the interpretation of behavioral data with re-
gard to the stress susceptibility of the dogs. A positive correlation was found between baseline UCCR,
as measured in the home situations, and poststressor UCCR. The stressor-induced increase was signif-
icantly lower in the dogs when they were fed the study diet than earlier when they were fed the control
diet. The supplementation of casozepine or the proportion of protein in a given diet could have been a
determining factor. The study diet seems to improve the ability of an individual to cope with stress and
may reduce anxiety-related behavior in anxious dogs.

© 2012 Elsevier Inc. All rights reserved.

Dietary treatments

The study diets and control diets for individual dogs
were packaged in white paper bags labeled “Food A” and
“Food B.” Thus, the content of each diet was unknown to
the dog owner throughout the study. Royal Canin’s
SELECT SKIN CARE VETS PLAN (Japan) was used as
the control diet. The analyzed nutrient composition of the
diets is shown in Table 1. The ratios of tryptophan to
LNAAs of study diet and control diet were 0.048 and
0.043, respectively. Each diet was administered for an
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Basal UCCR Post Stressor UCCR

Figure Means and standard errors (SEM) of urine cortisol-to-

creatinine ratio (UCCR) for dogs that were fed the control diet
and the study diet (n = 28). The comparison of the basal
UCCR and UCCR after travelling to a veterinary practice was per-
formed using a Wilcoxon test (P = 0.04).

U v v

Table 1 Analyzed nutrient composition of the diets

Diet
Nutrients (g/kg dry matter) Study? Control®
Dry matter (g/kg) 920.0 920.0
Ash 78.26 56.52
Nitrogen-free extract* 459.78 541.30
Protein 271.74 239.13
Fat 173.91 152.17
Crude fiber 16.3 10.87
Linoleic acid 35.65 41.30
Arachidonic acid 0.76 0.54
Isoleucine 9.78 10.11
Leucine 18.7 17.5
Phenylalanine 10.43 8.26
Tyrosine 8.37 9.02
Valine 12.07 12.5
Tryptophan 3.04 2.83
Alpha-casozepin 1.35 0

#Study diet, Royal Canin’s CALM CANINE.

"Control diet, Royal Canin’s SELECT SKIN CARE VETSPLAN (JPN).

‘Calculated N-free extract.
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Dog

* Alpha-casozepine (15 mg/kg BW)

* Tryptophan (5.7g/kg DM)

* L-theanine (50-200 mg/day)

* Medium chain triglyceride (5.5%)

* Fish hydrolysate + melon juice

* Bacillus amyloliquefaciens CECT 5940 at 1 x 10¢ CFU/g DM
 Saccharomyces boulardii at 1 x 10° CFU/g DM

Fan, Z., Bian, Z., Huang, H., Liu, T., Ren, R., Chen, X, ... & Zhang, L. (2023). Dietary strategies for relieving stress in pet dogs and cats. Antioxidants, 12(3), 545.
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Microbiome vs Microbiota O@D

Microbiome = Community of all microbes recovered from a particular habitat or ecosystem.

L, - Outer surface (Biofilm)
- Internal organs

— Bacteria, archaea, fungi, protozoa & viruses

Microbiome = Microbiota + Functions + Interaction + Metabolites

I: The individual microbes that can be found in a microbiome community.



Function of Gastrointestinal microbiome 0633

1. Metabolic functions

Ingestion

Host digestion

|
. Digestible
Host absorption g ges :
nutrients nhutrients

1 Bl Amino acid production

(de novo synthesis)

2 B Vitamins and Minerals

Indigestible
|
v v
Fermentable Unfermentable
nutrients nutrients

IR Aol Microbial digestion or fermentation

End products @8 Microbial absorption

ik

3. Short chain fatty acids (Resistance starch, fiber & proteins)
- Butyric acid — Primary energy for colonocyte, Anti-cancer activity
- Propionic acid — Energy for epithelial cells, Reduce hepatic glucose production
- Acetic acid — Energy for peripheral tissues, Metabolism of cholesterol and lipogenesis
4. Ceramide — Normal apoptosis — Prevent neoplasia
5. Deconjugate bile acids

6. Gas production
- H,, CO,, CH,, NH; — Excretion

- Odiferous from protein putrefaction m

- Indole from AA degradation — Junctional complex integrity + Mucin production
(Tight junctions, adherent junction & desmosomes)

7. Bacteriocin — Antimicrobial effects & Prevent antibiotic resistance bacteria

8. Quorum-sensing autoinducers 3 Protective funct
. Frotective runction
- Self-regulation between bacteria and their behavior

9. Induce immunoglobulin A production — Killing pathogens & restrict bacterial translocation

__ 10. Signals affects other organs J:B 1o [[{-YR ({4 EUEY (R0 11101 I11{e2:1{ o]0

Suchodolski 2011, Wernimont et al. 2020, Suchodolski 2021



Eubiosis vs Dysbiosis

Faecalibacterium

Turicibacter

Blautia

Fusobacterium

Bifidobacterium

Bacteroides

Clostridium hiranonis

Streptococcus

E. coli

Function

anti-inflammatory, production of SCFA

production of SCFA
production of SCFA
production of SCFA
production of SCFA

production of SCFA

conversion of primary to secondary bile acids

overgrowth associated with dysbiosis

pro-inflammatory

SCFA = Short chain fatty acids

Normal

Mild change

Data expressed log DNA/gram of feces

normal in Dogs

3.4-8.0
4.6-8.1
95-11.0
7.0-103

not measured
not measured

a.1:=71

1.9=-8.0

09-8.0

<0
0-2

Severe change >2

normal in Cats

3.8-84
4.4-9.0
not measured
not measured
3.2-87
40-75

45-7.1

1:6=5.2

1.4-7.0

<0
0-1
>1

Change in
dysbiosis

DD et ae

Universal

Streptococcus

154

B

AL Dysbiosis index = Quantitative PCR-based assay to assess fecal microbiota in individual animal.

Faecalibacterium

15+

E. coli

154

15

https://vetmed.tamu.edu/gilab/service/assays/canine-microbiota-dysbiosis-index/

AlShawagfeh, M. K., Wajid, B., Minamoto, Y., Markel, M., Lidbury, J. A., Steiner, J. M., ... & Suchodolski, J. S. (2017). A dysbiosis index to assess microbial changes in fecal samples of dogs with chronic inflammatory enteropathy. FEMS microbiology ecology, 93(11), fix136.

151

154

Turicibacter

Blautia

Dysbiosis Index

10

Dysbiosis Index
tl.h o o

e
(=]




Influence factors to microbiome 0613

Microbiome

Pathophysiological factors

Physiological factors

density & diversity

1.Genetics 1.Stress — Gl disorder & Gut barrier disrupt

2.Life stage development (Age) 2.Antibotic therapy (Strong consequences)

3.5ex (hormone) 3.illness condition (Strong consequences)
4 .Environment

- Dense coat — Lower effects from environment
5.Nutrition (Major factors to consider)

- Macronutrients (Fiber)

- Micronutrients

- Supplements (Prebiotics, Probiotics and others)



Nutrition from major nutrients in normal condition

Firmicutes -
> - Clostridium -«
> - Blautia
Koot B > - Lactobacillus -
S - Enterococcus ~ '
High plant-based fiber el : . =" L BARF (Schmidtetal, 2018) - High protein & Fat
| e e INCTEASE Actinobacteria - Decrease
F . _ - Low carbohydrate
: > - Bifidobacterium

— Bacteroidetes Raw diet Kimetal, 2017)- Richness, Evenness 4

» Fusobacteria <

— Proteobacteria -«
- Dysbiosis
- Gl inflammation

- Tryptophan — Indole sulfate _ .
- Tyrosine — p-cresol sulfate __r Uremic toxin



Carbohydrate classification (Microbiota can utilize nutrients that escape ileal absorption)

Crude Fiber
Total Dietary Indigestible
Fiber Fiber
I | | ] | ] ]
. Insoluble Moderately Moderately Enzymatically Not Digested
luble F . .
el Ll Fiber Fermentable Fermentable Digested T or Fermented
L Rapidly L Slowly : Resistant \_ Mono- and L _—
P Starch _ : L
Fermentable Fermentable ectin Starch (pobvsochorides) Disaccharides 'gnin
Fructans, Galac-
B G Cellulose Hemicellulose
Mucilages
N Pectin Hemicellulose

Fig 4.1.1 | Classification of carbohydrates.




Fiber in small animal nutrition

Table 1. Classification of fibers based on solubility and fermentability

- Decrease gut flow rate = bacterial fermentation
- High on bacterial fermentation = Prebiotics
- Gas production

Fermentable Non-Fermentable
Soluble Some resistant starches (e.g. wheat Methylcellulose
dextrin) Psyllium seed husk
Some pectins
B-Glucans
Guar gum
Partially hydrolyzed guar gum
Inulin
Fructo-oligosaccharides (FOS)
Beet pulp
Insoluble Some pectins Cellulose
Some resistant starches Lignin
Beet pulp Wheat bran
Psyllium seed husk
Function Function

- Increase fecal output

- Increase gut flow rate = Hairball excretion

- Low or None on bacterial fermentation

- Feces hardening (Insoluble) vs Feces softening (Soluble)
- Stimulate gut contraction

- Decrease energy density = Weight control (Insoluble)

- Interfere digestibility ® Diabetes mellitus (Insoluble)




Uremic toxin and CKD

Renal
Excretion

K A

@ ,Tryptophan
a I1AA
Indol
e W Sy
[ 4
' 4
® s\ ’
-@Phenylalanlne'
Tyrosine
LN l &
P-cresol
PAA

Fig. 1. The biological formation of major gut-derived uremic toxins in the colon. Dietary tryptophan is converted to indole and IAA, dietary choline is converted to
TMA, and dietary phenylalanine and tyrosine are converted to p-cresol and PAA by microbes in the colon and absorbed into portal circulation. Indole, TMA, and p-
cresol are taken up by hepatocytes and metabolized to indoxyl sulfate, TMAO, and p-cresol sulfate, respectively. IAA and PAA are absorbed directly into systemic
circulation. IAA, Indole acetic acid; PAA, Phenyl acetic acid; TMA, Trimethylamine; TMAO, Trimethylamine N-oxide.

Summers, S., & Quimby, J. (2024). Insights into the gut-kidney axis and implications for chronic kidney disease management in cats and dogs. The Veterinary Journal, 306, 10618]1.




Other nutrients for gut microbiota O@?

Protein
 Quantity (the total amount of protein ingested)
 High protein = Proteobacteria# (Escherichia coli, Campylobacter jejuni, Klebsiella pneumoniae,
Salmonella Typhimurium, and/or Yersinia enterocolitica)
« Pathogens, Gl inflammation, Uremic toxin and indole production.
 Quotient (the ratio of protein to other energy-containing ingredients like carbohydrates)
 Quality (the digestibility and amino acid composition)
Carbohydrate
« Simple sugar ®» & Prevotella and Lachnospiraceae
» # Bacteroides, Alistipes, Lactobacillus, Clostridium sensu stricto, Bifidobacteriaceae, and Parasutterella
« Simple starch
* Resistant starch
« Soluble, Insoluble, fermentable & non fermentable fiber.
* Fat
 Limit study in dogs and cats
Vitamins and Minerals
 Also, effects on gut microbiota




Probiotics, Prebiotics, Synbiotics & Postbiotics %JD
QP ISAPP Paraprobiotics

Prebiotic Probiotic Postbiotic
/ 3 \\ Mlc?c;b:a\l

“ metabolltes

/9 9g |
|‘ i
\ n ! Microbial

\ /N Cellwall
\\ ,/ component
A substrate that, Live microorganisms that, when A preﬁa?é'ti—on of inanimate microorganisms Provided
is selectively utilized by host microorganisms administered in adequate amounts, confer a and/or their components health benefits to host
Conferring a health benefit health benefit on the host (with or without their metabolite)

that confers a health benefits on the host

|
Synbiotic
A mixing comprising live microorganisms
and substrate(s) selectively utilized by host

Microorganisms that confers a health benefits
on the host

https://isappscience.org/
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Perspectives on protein sources

PAIN POINT

1. We need food security mainly protein sources.

- Increasing of global population
- Increasing of meat consumption in developing countries.

- Protein price is continuous increasing.
2. Enough quantity and good quality

3. Environmentally friendly.




Problems of common protein sources i

Food grade raw materials

Human consumption
Companion animals

Plant based Animal based

Sustainability 7?77




Alternative protein sources

Soy and pea protein are the most competitively priced alternative proteins.

Protein alternatives price vs PDCAAS

@ Bubble size represents PDCAAS per price, 8

Protein digestibility-corrected amino acid score

12 4
X j 4
1.0 8 . Whey isolate — -
0.9 A oo impmcie Myco isolate . Ground beef Cultured meat
0.8 Insect protein
0.7 o Pea isolate .
' Cricket powder
0.6
0.5 _
o Hydrolysate protein 7?7
) (Plant based, Meat based or By-product based: Feather meal)
0.3
0.2
0.1
35 7.0 10.5 14.0 17.5 42.0 301.0

Price per kg of protein, $

Zafer Bashi, Ryan McCullough, Liane Ong, and Miguel Ramire (McKinsey&Company research)



Advantage vs Disadvantage of alternative protein sources

D
U

Safety (Contamination) Palatability Digestibility Nutrient Quality | Allergenicity Sustainability
Animal by-products (organs, feather) Pathogen High Moderate to High Moderate to High Moderate High
Meat (chicken, beef, lamb) Pathogen High Moderate to High High Moderate Moderate
Fish (salmon, tuna) Pathogen, Heavy metal High High High Low Moderate
Plant-based (soy, pea, wheat, gluten) Chemical Low Low Low Low High
Hydrolyzed protein (animal or plant) High 7 Very High High Very Low Moderate
Insect-based (BSF, crickets, mealworm) Heavy metal Moderate Moderate Moderate Low Very High
Single-cell (yeast, algae, bacteria) Nucleotide Low Moderate to High Moderate ? Very High
Cultured meat Sterile ? High High ? Potentially High

Other novel proteins
(fungi, duckweed, mycoprotein)




2025
Food Focus Thailand 4.

ROADITO ?

Thank You

For your attention

|
+66 2797 1900 Ext 1310

vetkuinnovanutricare@gmail.com
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