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NutriExhalomics

Promote the analysis of breath metabolites in
nutritional research.

» Characterize the human nutritional exhalome

» Characterize the impact of microbial foods
and intestinal communities on the human
exhalome

» Characterize the bovine exhalome
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Why Breath Analysis?
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T. Bruderer, R. Zenobi, et al., Chem. Rev., 2019, 119, 10803
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Contains rich chemical information

Non-invasive

Unlimited availability

Continuous sampling
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Secondary Electrospray lonization Mass Spectrometry (SESI-MS)

signal

time

T. Bruderer, R. Zenobi, et al., Chem. Rev., 2019, 119, 10803
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Biomarker Discovery with On-Line Breath Analysis
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Nutritional Challenge

Gut

* Host-microbe interaction
*  Gut hormone production

Pancreas
* B-cell function

* a-cell function \

PhenFIex test

Systemic insulin sensitivity
. OX|dat|ve stress
. hronic low grade inflammation
/ . Adaptatlon carb/llpld switch

leel' « Secondary messengers
Citric acid cycle

+ Ketogenesis

* Glycolysis

* Lipoprotein production

* Hepatic tissue injury control

Muscle
* Branched chain amino acids
*  Protein metabolism

Black = responding * Muscle tissue injury control

= not responding

Wopereis et al., Genes Nutr. 2017, 12, 21
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Adipose tissue

Lipolysis & lipotoxicity
Lipokine & adipokine production

Kidney
(Re)absorption
* Urea cycle

\ Vasculature

Endothelial integrity
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Methodology

| | |
320 mL water
84 g Dextrose
20 g Protein Powder
60 g Sunflower Qil
Vanilla Aroma

P

3915 kd / 945 kcal
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Nutritional
Intervention
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Results
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C. Withrich et al., J. Breath Res. 2022, 16, 046007
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Results

Cluster Medians
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Compound Annotation

ETHzirich

Amino Acids

Fatty Acids
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Quantitation of Breath Metabolites with SESI-MS

U

CHEM

ETHzirich

THE LINDE GROUP

Acetylene

Aminomethane

Ammonia

Boron trichloride

Boron trifluoride
Bromoethene
1,3-Butadiene

n-Butane

iso-Butane

1-Butene

cis-2-Butene

iso-Butene

trans-2-Butene

1-Butyne

Carbon dioxide

Carbon monoxide

Carbon oxyfluoride
Carbonyl sulfide

Chlorine
1-Chloro-1,1-difluoroethane
1-Chloro-1,2,2,2-tetrafluoroethane
Chlorodifluoromethane
Chloroethene
Chloropentafluoroethane
Cyanic chloride
Cyclopentane

Cyclopropane

Deuterium

Diborane
1,1-Dichloro-1-fluoroethane
2,2-Dichloro-1,1,1-trifluoroethane
Dichlorofluoromethane
Dichlorosilane
1,1-Difluoroethane
1,1-Difluoroethene

inte

CHEM, chemical industries except petrochemical and pharmaceutical

Dimethylamine
2,2-Dimethylpropane
Epoxyethane
Ethanamine

Ethane
Ethanedinitrile
Ethene

Ethyl chloride

Ethyl formate
Fluorine
1,1,1,2,3,3,3-Heptafluoropropane
Hexafluoroethane
1,1,1,3,3,3-Hexafluoropropane
Hydrogen

Hydrogen bromide
Hydrogen chloride
Hydrogen cyanide
Hydrogen fluoride
Hydrogen iodide
Hydrogen sulfide
Methane
Methoxyethene
Methoxymethane
Methyl bromide
Methyl chloride
Methyl formate
Methyl mercaptan
Nitric oxide

Nitrogen

Nitrogen dioxide
Nitrogen trifluoride
Nitrous oxide

Oxygen
Pentafluoroethane
1,1,1,3,3-Pentafluoropropane
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n-Pentane
iso-Pentane — -
Phosgene ud
Phosphine -3
Propadiene

Propane

Propylene

Propyne

Silicon tetrachloride

Silicon tetrafluoride

Sulfur dioxide
2,3,3,3-Tetrafluoro-1-Propylene
trans-1,3,3,3-Tetrafluoro-1-Propylene
Tetrafluoromethane

Trichlorosilane

Acetone 5 PPM
Calibration Gas
Timethyionine Balance Air in a
40% Hydrogen, Baance Helium 552 Liter Cylinder
CGA590

10% Methane, Balance Argon

5% Methane, Balance Argon

1% Oxygen, Balance Nitrogen

20 ppm Carbon Monoxide, Balance Air
450 ppb Nitric Oxide, Balance Nitrogen
450 ppb Nitrogen Dioxide, Balance Air
450 ppb Sulfur Dioxide, Balance Air
90 ppm Methane, Balance Nitrogen

5 ppm Ammonia, Balance Nitrogen

5 u/m?® Mercury, Balance Nitrogen

10 ppm Hydrogen Sulphide, Balance

1.10/’:i|:rr?>3::e, Balance Air Ava i I a b i I ity a n d P ri Ce

2.5% Methane, Balance Air
2% Hydrogen, Balance Air
40% Hydrogen, Balance Nitrogen

$552.00
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Generation of Low-Concentration Gas Standards

Permeation Evaporation

b) PTFE tube

Gaseous permeate
(pure liquid phase)

Gaseous permeate
(pure gaseous
phase)

H:C*p

)
N

N

.
. )
N 2
~ Y
-~ )
) b ?\ .
NNy Permeating gas
~

L (permeation rate is a
N function of temperature,
wall permeability and
kind of gas)

H: Henry’s constant
C: concentration
p. pressure

PTFE plug

Naganowska-Nowak et al., Crit. Rev. Anal. Chem. 2005, 35, 31-55.
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Generation of Low Concentration Gas Standards through Evaporation

Aqueous Stock Solution Flexible

Henry’s Constant Y Parallelization

Dilution Flows

. G Wide Range
N Orbitrap Q-Exactive
Mass Spectrometer

SESI-Source

8 L/ min ( CTrep
Mixing Chambe = == m
- k —
Bubbler Quadrupole

Heating Inlet SIM-Mode

o 6 o Cartridge p (250°C)
‘V:Z X o
| .. mL / mino )
Mass Flow Controller Evaporation Chamber

Resolution at 200 m/z:
140'000
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C. Wiithrich et al., Anal. Methods 2022, 15, 553-561.



Intensity / a.u.

104_

External Calibration with Evaporation Chamber System

Propionic Acid

. Analytical
Stock Concentration -
I 26.62mM - Methods
1 2.67mM -~ o
T 027mM ‘

—— In(f(x)) = 0.87 - In(x) + 8.34, R = 0.9700
---- Limit of Quantification 7.29 ppt
-------- Limit of Detection 5.78 ppt -

Gas Phése Concentration / ppb
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Low Concentrations

Several Magnitudes

Dry and Humid

Similar to Breath

C. Wathrich et al., Anal. Methods 2022, 15, 553-561.
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Compound R?

Propionic acid

Butyric acid

Pentanoic acid

Hexanoic acid

ETHzirich

0.9789

0.9721

0.9702

0.9971
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0% RH

LOD (ppt)

5.78

1.85

2.53

40.63

LOQ (ppt)

7.29

2.32

3.16

47.42

RZ

0.9915

0.9838

0.9890

0.9802

95 % RH

LOD (ppt)

3.40

0.71

21.89

53.67

LOQ (ppt)

5.27

1.00

28.13

66.81

25.01.24
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External Calibration with Evaporation Chamber System

4 A
2 2>
(7 o>
c
£ £ l
Concentration Concentration
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Lactobreath: A Pilot Study to Diagnose Lactose Intolerance based on
the Exhaled Breath Metabolome - Lactose Intolerance / Malabsorption

SYMPTOMS

SHORTNESS OF BREATH = NAUSEA, VOMITING

ﬁfll

FLATULENCE ALLERGIC RASH BLOATING

& @

ABDOMINAL CRAMPS DIARRHEA

« Lactose Malabsorption (LM): Failure to digest

and/or absorb lactose in small intestine

« Lactose Intolerance (LI): Clinical symptoms

resulting from LM

ETHzirich Stamatios Giannoukos | ETH Ziirich

ﬁ@@@x@
~65% globally 1in 5 people

Current tests have limited sensitivity and specificity for
e assessing LM symptoms

?
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Lactobreath

Q- = &c@

Diagnostic tool based on exhaled breath analysis with mass spectrometry

Primary Goal

Postprandial breath profiles

ETHzirich
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Gl symptoms of LM

Secondary Goal

Gut microbiome

N0
\) a8= Genetic

Colonic gases ~ ® polymorphisms

= hMm

ek RN T

@

Urine metabolites é H, in breath

Habitual diet
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Recruitment

3 groups (120 Participants total):

_ Genetically LP _Genetically LNP Genetically LNP
without Gl symptoms without Gl symptoms with Gl symptoms

n=24 n=24 n=72

LP = Lactase persistent; LNP = Lactase non-persistent

_@I_ « Men and women aged 18-65

* Swiss resident
* Abstain from treatment
* Informed consent,...

ETHzirich Stamatios Giannoukos | ETH Ziirich

Md

Genetic screening
Home Screening =Variants of MCM 6

—°' - Allergic to milk

 Diabetes Mellitus
Gl diseases
« Drug abuse, Dysphagia,...
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Baseline Analyses

s

Habitual dietary

intake assessment

myFood

» 24h recall

* 4 consecutive days

» Digital form/App

» Picture to assess portion size

ETHzirich Stamatios Giannoukos | ETH Ziirich

-30to -7 d

Stool metagenomics
Centre hospitalier
universitaire vaudois

» Faecal microbiome analysis
« Shotgun sequencing
« 3x: +1, +2, +3 days after 1st recall
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Intervention

or

!
25 g Lactose Control
in 150 ml water (13 g Glucose in
150 ml water)

Controlled Diet

« 3 days prior to intervention

* Low in FODMAPs :>
* Low in added flavourings

» Portion sizes individually calculated Randomized controlled

Lactose Challenge

ETHzirich Stamatios Giannoukos | ETH Zirich
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Postprandial Analyses

SESI
Biomarker discovery =9 l
Quantification sga"® QuinTron BreathTracker
Orbitrap MS °
On-line exhaled breath metabolomics Hydrogen in Breath
LC-MS & GC-MS — <\ Ge-MS
Untargeted g Targeted (known metabolites)
Metabolite Identification
Exhaled breath condensate Urine

Ingestible Atmo® Gas Capsule
H,, O,, CO,, CH,

Standardized aCPQ questionnaire
(Digital)

e

Intestinal gases Gl symptoms
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Expected results

Q => Find distinct metabolic breath profiles for each of the 3
phenotypically different groups

= Associate breath profiles with mechanisms specific to lactose metabolism

= Gain deeper understanding of the metabolic pathways that are differently active across the 3 groups
and may be responsible for Gl symptoms of LM

Outlook
= For other FODMAPSs

= Food Intolerances in general

w Personalized Nutrition
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