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YOGURT IS PART OF
DIETARY GUIDELINES
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LACTOSE

> 10° cfu/g
CH,0OH
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GLUCOSE + GALACTOSE

vake half your plate Move to low-fat or
fruits & vegetables, fat-free dairy milk or

yogurt (or lactose-
: free dairy or fortified
i Make half soy versions).

\'@% X your grains

whole grains.

Vegetables Vary your

%% n protein

e routine.

€0

ines
ericans

Choose foods and beverages with less 2'020 -202

added sugars, saturated fat, and sodium.

Lactic acid




Prevalence [%]

LIVE LACTIC ACID BACTERIA = X
ARE CONSUMED WITHIN A

Lactobacillus amylovorus

FERMENTED FOODS i
Lactobacillus buchneri

Lactobacillus casel paracasel

Lactobacillus crispatus

Lactobacilius curvatus

POSSIBLE SOURCE FOR THE Laciciusdorioct

Lactobacillus fermentum

GUT MICROBIOME s i v

Lactobacillus jensenit
Lactobacillus johnsoni
Lactobacillus mucosae

Lactobacillus plantarum
Lactobacillus reuteri

PRODUCTION OF BIOACTIVE COMPOUNDS i Lactobacillus rhamnosus

+ Several peptides or peptide fractions typical acidic flavor of yagurt Lactobacillus ruminis
i th s'st

v been in pro

EPS production and increase of viscosity 1, Lactobacillus sakei

Lactobacillus salivarius

ol Ve Wi Welow e Gk s e Lactobacillus sanfranciscensis
Lactococcus garvieae

DELIVERY OF LIVE FERMENTS Lacincoccis lactis
TO THE GI TRACT Lactococcus raffinolactis
rganisms in the diet Leuconostoc citreurmn
tion of ‘living mrtcrdrkﬁds A LB astoc }ach's
ers of microorganisms tcon
Leuconostoc mesenteroides
Streptococcus thermophilus
Weissella cibaria
Weissella confusa

Pl S s o 2 a0
SRS G Y
¥ d@ of *p<0.05

+ Conjugated linoleic acid (CLA) is
hp opr 11 an

IONS OF VITAMINS |

https://www.yogurtinnutrition.com/ Pasolli et al., Nat Commun. 2020 May 25;11(1):26102020
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fermented milk products

ype 2

YOGURT ASSOCIATES INVERSELY probiotic: microbiote g
WITH METABOLIC DISEASES = Type 2 Diabetes § yogurtﬂ

esity

Relative %

B NHS (women]

] NHS 1| {wamen)
[ HPFS {men)

Year Country Gender risk (95% Q1) ‘Weight

2011 USA ‘Women _— 0.65 (054, 0.80) 280

Potato chips

2015 Spain

MenMWomen 0.80 (0.70, 0.92)

Potatoes or fries

Kirii 2000 Japan  Women 0.86 (074, 1.01) 4.

Processed meats

Liu

2006 USA  Women 0.90 (082, 0.98)

Unprocessed red meats Chen - NHS 2014 USA Women 0.91 (088, 0.94)

Chen-NHS Il 2014 USsA Women -+ 084 (089, 099) 1188

Butter

i
Shis 2012 Europe  MenMWomen 096 (093, 100) 13.22

Sweets and dessens

'
Chen - HPFS 2014 UsA Men - 097 (091, 102) 1129

Refined grains

Ericson 2015 Sweden MenMWomen | = 098 (096, 100) 1500

Chepse

Vegetables
Muts

Soedamah-Muthu 2013 UK

Men/Women 1.03 (0.91, 1.16)

Kiii 2009 Japan  Men 1.04 (089, 122)

Grantham 2013 Augraia MenMomen 1.08 (092 127)

Whole grains

Overall (-squared = 73.3%, p = 0.000) 0.94 (0.90, 0.97)

Fruits
NOTE: Weights are from random effects analysis

6 ) 8
Relative risk

Yogurt

¥ 25 E [} 100 125 150
Yogurt intake - grams/day

Beverages

Sugar-swestened beverages
10055-Fruit juice

Low-fat or skim milk

Inversely associated with weight change -0.82 Ib, 95% CI -0.99 to -0.67
Inversely associated with diabetes RR = 0.86, 95% CI: 0.83—-0.90 at 80 g/d
T Lo Inversely associated with NAFLD OR = 0.86, 95% CI: 0.76- 0.98 at > 4 times/week

Weight Change Associated with Each Increased
Daily Serving, per 4-Year Pariod (Ih)

Whole mitk

Diiet {zero-calorie] soda

N
R

T
=10

Mozaffarian et al., 2011; Gijsbers et al., 2016, Soedamah-Muthu et al., 2018, Zhang et al., 2019
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YOGURT IMPROVES INSULIN RESISTANCE U EEyiboond

Yogurt improves insulin resistance and liver fat in obese women with
nonalcoholic fatty liver disease and metabolic syndrome: a
randomized controlled trial

Yang Chen,! Rennan Feng,'* Xue Yang,' Jiaxing Dai,” Min Huang,' Xiaoning Ji,' Yong Li,* Akinkunmi Paul Okekunle,’
Guanghui Gao,” Justina Ucheojor Onwuka,” Xiuyu Pang,’ Cheng Wang,” Chunlong Li,” Ying Li," and Changhao Sun’

Milk (n = 44) Yogurt (n = 48)

Adjusted differences of
Variables Baseline 24 wk Baseline 24 wk yogurt vs milk at 24 wk

BMI. kg/m” 31.81 = 2.76 3197 & 2.82 3218
FM. kg 31.04 = 4.13 30.83 £ 3.31 32.88
WC. cm 99.66 = 7.39 100.89 + 587* 100.68

FBG. mmol/L. 5.38 + 0.53 4.85 £+ 0.46** 540
Fasting insulin. mU/L 16.61 = BA3 14.34 + 6.84* 15.33

HOMA-IR 4,11 £ 2.48 3.10 £ L61™ 3.78
ALT, U/L 27.30 £ 13.56 2532 4+ 15.69 24.83

AST. U/L 22.05 + 6.19 21.48 * B.05 24.08
HL, %, n =20 27.34 + 7.87 27.84 + B.15 30.10

3.18 32.02 & 3.35 —0.28 (—0.33, 0.88)
6.65 31.60 + 6.54* —226(—3.51, —1.00)7
98.84 + 7.64* — 1.85 (—3.00, —0.69)

1.15 4.92 + 0.64* —0.08(-0.19,0.03)
7.25 12.55 £ 6.53% —2.77(—4.91, —0.6)7

2.12 2.80 * 1.68™ —0.53 (—1.03, —0.02)"
13.07 19.44 + 10.46™ —4.65 (—B.67, —0.64)'

13.20 20.19 + 5.08 —2.56(-5.22,0.09
5.22 25.13 + 6.01% —3.44(—6.19, —0.68)7

H o H

B
&
=

HH H R

Adapted from Chen et al., Am J Clin Nutr 2019;109:1611—-1619.

Continuous data are presented as mean + SD or mean (95% Cl). P < 0.05 or »+P < 0.01 compared with baseline in each group; 1P < 0.05 or 1P < 0.01 when comparing the 2 groups at 24 wk with the use of ANCOVA adjusted for
baseline values, age, BMI, dairy intake, physical activity levels, menopausal status and energy intake change over 24-wk period. The IHL was measured in the 20 participants randomly selected from each group. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; FBG, fasting blood glucose; FM, fat mass; IHL, intrahepatic lipid;WC, waist circumference.
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Lipogenesis |

YOGURT REDUCES ENERGY, LIPIDS, (o R, T

INFLAMMATION
AFFECTS GUT MICROBIOTA
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(HL HFE L) IR .
FGF21 1 ——

Circulation

Yogurt TNF=tt |
Ordinary nutrients GSH-Px, 50D 7
Vitamins Insulin | '

Lactic acid * TG, TC |
Conjugated linoleic acid

Oligosgccharides IR

. m Erysipelotrichacear]

Energy extraction l[l—j.u"—'_l==21-_-."r_”—-‘;9-" 4
Ruminococeus | :

r
SACES Adipose tissue
Firmicutes | et
}Gul permeahility | Vaspin |

Milk (n = 44) Yogurt (n=48)

Variables Baseline 4wk Baseline U wk

Dietary intakes
Energy, kealld 2697.5 + 609.2 2668.0 £ 883.3 2679.8 + 766.7 24749 £925,5°
Protein, g/d §8.8£232 882+308 89.7£26.8 87.0+36.8
Fat, g/d 740+202 8094393 725+£329 69.3£223
Carbohydrate, g/d 4095 £ 1098 BI4L1308 3965774 38601499

Adapted from Chen et al., Am J Clin Nutr 2019;109:1611—-1619.



YOGURT ASSOCIATES WITH METABOLITES ACROSS COHORTS YET
REPRODUCIBILITY IS CHALLENGE

; PREDIMED Guangzhou Nutrition and
Proline Piperine 1 Health Study

LYSine C24:0 Ceramide d18:11 C14:0 SM
Threonine C36:1 PS plasmalogen

i C24:0 SM :
Phenylalanine C34:0 PE

. C9 camnitine
Asparaglne Hydroxycotinine

Tyrosine C18:0 SM
Caffeine

Tryptophan Gamma-butyrobetaine C343PC
Citrulline €361 DAG 1

Indole-3-lactic acid GABA1 C203CE

C4-OH camnitine | Hyimscinnames acid
Indole-3-acetaldehyde " (ehpsodcychi s
C56:2 TAG SRS :
Al ydroxybutyrate 4 116 Metrepiricotrbmice
Timetnyioenzene 1 Uracil e U T
fra sl g 3-Methyladipate-pimelate 1 O s
C7 carnitine 1 Glycine
C12 carnitine

Bile acids

Allantoin | i

Cucqgcholc scig

— | Hyodaosychdlic acid|
[iF =~

-log1O{FDR)

C4 carnitine . [Phanyacetic sz |

i Prarylneis ackd (3 indoapropians e
= = i

A5 10 5 5 10 15
NEGATIVE Coefficient value Coefficientvalue ~ POSITIVE POSITIVE

Framingham Heart Study Offspring Quartle category of dairy intake Third Generation {Gen3)
Metabolite m i} 03 P-trend Sig? In Gen3*
Yogurt [quartide median, servings/wk] oo 0o 0s 30

C20:5CE -~ 0420 = 0043 - 0376 + 0.033 - 0.354 £ 0040 - 0263 & 0.040 | na

C20:5LPC L) =0099 + 0036 ~0099 + 003 ~ 0050 + 00 —0017 £ 0034 nja

CsB11 TAG 0324 = 0038 0315 £ 0031 0345 = 004 0.392 &+ 0.034 nfa

Pyndoxate 0022 + 0043 0062 + 0045 011 £ 0047 0.168 + 0046 1 njs

Salicylurate 0804 = 0116 0673 £ 006 0735 + 0108 0859 + 0.108 na

Pimentel, et al., 2018, Li et al., 2020; Drouin-Chartier et al., 2021; Shuai et al., 2021, Adapted from Hruby et al., 2020
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e e PREDICT 1
YOGURT ASSOCIATES WITH CHANGES it teae S o
e e e TS
Bifidobacterium animalis MGS0801
IN GUT MICROBIOME i
Veillonella MGS 1405 -
Clostridium baiteae MGS0007 [N

INCREASE OF YOGHURT SPECIES R T T )

BGI:Shenztisn Spearman correlation coefficient

Bifidobaclerium_animalis
Haemophilus_parainfluenzae
Firmicutes_bacterum_ CAG_95
Oscilibacter_sp_57_20
Ruminococeus_kaclans
Oscilibacter_sp PC13
Eubactenum_eligens

Streptococcus Faecalibactenum_prausnitzi
Agathobaculum_bulyriciproducen;
) . Zhernakova et al., 2016 L acggaépgg feae '“"*’“‘."““—"“.’".‘“
Lactobacillus delbrueckii T Bolte et al, 2020 : Roseburia_hominis

Roseburia_sp_CAG_182
Harryflintia_acetispora
Clostridium_saccharolyticum
Clostridium_sp_CAG_58

Ruminococcaceae
NK4A214 group

Zhernakova et al., 2016 Ruminococcaceae

Bolte et al., 2020 UCG.010 Clostridium_spiroforme
> Streptococcus thermophilus T Asnicar et al., 2021 Christensenellaceae Pseudofisvonifractor_sp_An184
A Le Roy et al. unpublished, R.7 group Anseromassiibacilius_sp_An250

Firmicutes_bacterium CAG 94
Clostridium_lepium
Bifidobacterium_bifidum

Jie et al., preprint

Ruminococcaceae ,
UCG.005

Fe o) s T Asnicar et al.,2021 Ruminococcus 1 F wmm‘{ﬂmmirm
NV oL Bifii rium animali; Le Roy et al. unpublished ! _ Msfm.g_ﬁn&m
b o f dObGCte uma aits Jie et al., preprint 0.01 0.02 0.03 Ruthenibactenum_lactabformans

Clostridium_boltede
Anserpiruncus_colihominis

Beta

o Bolte et al., 2020 T | Flavanifractor_plautii
Clostridium bolteae T\L Jie et al., preprint o Lamesactrion [ Eggertheila_lenta
; Clostridium_innocuum
PR ===
. Asnicar et al., 2021 a_eitanaliacaas_ctnar [
LGChnOSpr aceae Ti« Le Roy et al. unpublished o_rester [
RTE———
) Shuai et al.,, 2021 8_Rikerslacsne. sther
Ruminococcaceae T\L Le Roy et al. unpublished I =_cesactarium
I < Fusosocerian
: a 2 Guangzhou Nutrfon an
: Shuai et al., 2021 LDA scome: (og10) ey
Vel”one”aceae T Jie et al., preprint Groug [l < 1 sarvingimo Il = 1 servingink

Zhernakova et al., 2016, Bolte et al., 2020, Adapted from Asnicar et al., 2021, Shuai et al., 2021, Le Roy et al. unpublished, Jie et al., preprint
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UNDERSTANDING ROLE OF ma e

| Siarter

YOGURT METABOLOME = )

fumarais

viling

phenyislamne

1. J-cihydrocyaceions
wanine

laciie?

L. delbrueckii subsp. Bulgaricus + Streptococcus thermophilus Eﬁﬂﬂ

patacicsed

(Ll E]

J-rypdropsoutyrale Carbohydrate
pestale

UnkrowT_a ]
S inats = Energy
Iyrovine_slss

Inside cell I -+ I - anomenc
/ hieanirs

unlrcawn_singield
Galactose  Glucose uam‘_n-?:u

cirate1
Laloi ST Glycolysis pirated
s athway hipparaie
b P Yy
pathway N_mcetyl cerved 48 and_metvonrme
v

F'W":lh Muclectide
unk_singuel aosione
Lactate t— Pyruvaf:e armmbc?_phenaiics

ST arematcd_pdeninasinglets Cofactors and Yitamins
Milk LB' : mrinate 1_lyrasine
=] Alanine v aromaicd_hypporas

rotein : Highate_fegin .
p gt e ¢ Formate Citrate Acetate e Henobiatios

Outside cell Lactose

phroclate_galaciose_Bckme

1
Heat
Lactose ==——» Formate

Adapted from Trimigno, et al., 2020 Daniel et al., unpublished
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ROLE OF YOGURT DERIVED AMINO ACID METABOLITES IN
YOGURT INCREASED INSULIN SENSITIVITY

Hyperinsulinemic-euglycemic clamp in mice ~ AA metabolites are increased upon yogurt intake

- n=23-27 per group
Low-fat low-sucrose diet

- High-fat high-sucrose
yogurt
_ * %k

M{/E——H—H—E Y
i S

T T T T T T T T T T T 1
10 20 30 40 50 60 70 80 90 100 110 120
Time (min)

@
S

I
a

Reduced insulin
resistance & steatosis

N
S

-
=3
1

> @
1

Glucose infusion rate -GIR- (mg/min/kg)
o

Improved glucose
homeostasis

=
2
[}
=
)
Q2
1]
-t
Q
3
©
e
(7]
D
o

M1 M2 M3

Hepatic AA metabolites inversely correlate
AA metabolites are undetected in milk with glucose and liver lipids

Reduced insulin
resistance

Modified composition
and function

(B/jownr) 5 JaAIq 6o

Fasting glucose (mmol/l)

HANA KOUTNIKOVA, DANONE NUTRICIA RESEARCH Daniel et al., unpublished




Brain

Food intake
Satiety
Neurotransmitters
Mood

Liver

Glucose production
Insulin sensitivity
Fat content

Pancreas
Insulin secretion

Muscle
Glucose uptake

Intestines
Microbiota composition
Metabolites

Gut endocrine factors
Nutrients

Cell component

Systemic

communication
HPA axis G A

Meurotransmitters UT BR I
Bacterial metabolites

Cytakines

Meural
communication

I S Vagal

Sympathetic

Lactate
Phenyllactate
Amino acids

AA metabolites
Indole metabolites
SCFA
Bile acids
Hippurate
LPS
GABA

FUTURE

ABSORPTION
EXPOSURE
KINETICS
METABOLISM
SPECIFICITY
SELECTIVITY
HUMAN TARGET
BACTERIAL TARGET
REDUNDANCY

Adapted from Mayer et al., J. Neurosci., November 12, 2014 « 34(46):15490 —15496, Chen et al., 2019; Castellanos-Jankiewicz et al., 2021
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YOGURT IS POPULAR FERMENTED FOOD

o Wheat, barley, mllk, meat. grapea Rice. soybean,
¥ vegﬂables > vegetables, fish, milk, meat

LAB, Yeasts, Molds ' Fungi, LAB; Bacilli

Maize, sorghum, cassava and
other tubers. locust bean,
gr_apes,__mitk.
LAB, ‘fqasis
Sorghum, maize, milk, :
meat, grapes

Wheat, barley. milk, meat, grapes
LAB, Yeasts - |

LAB, Yeasts

Tamang et al., Compr Rev Food Sci Food Saf. 2020;19:184-217.
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High fermented food diet

— j’._..

N
-

Increased microbiomé
diversity

signals and activity

* u Decreased inflammatory

Consumer
Non-consumer

Component 2 (2.1%)

@
/ Component 1(2.8%)

Wastyk et al., 2021, Cell 184, 1-17,
Taylor et al., 2021 mSystems . 2020 Mar 17;5(2):e00901-19




= Yogurt is associated with less body weight gain & lower

incidence of diabetes and fatty liver disease

= Yogurt Improves insulin resistance in obese subjects with NAFLD

= Metabolite profiles of yogurt intake and yogurt itself are complex

= Lactic acid bacteria contribute to gut microbiome

RESEARCH ON YOGURT SPECIFIC EFFECTS RESPONSIBLE FOR METABOLIC HEALTH
IS AREA OF ACTIVE GUT - MICROBIOME - LIVER / BRAIN RESEARCH
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