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Metabolomica: Desafios

Metabadlitos

Primarios ~ Secundarios

Lipideos, acucares, Policetideos, alcaloides,

acidos graxos NRP, terpenos
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Foodomics € uma disciplina que examina todo o conjunto de
substancias presentes em nossos alimentos (foodome). A
disciplina utiliza plataformas analiticas avancadas para investigar
a composicao do alimento e, assim, suas propriedades nutricionais
e impacto na saude. As novas téchnicas também fornecem uma
imagem detalhada da qualidade dos alimentos e podem ser
usadas para detectar fraudes em alimentos e encontrar solucoes
para outros desafios na producao de alimentos. Os resultados de
pesquisas de foodomics tém um impacto direto sobre os

consumidores, a industria de alimentos e a sociedade.

Engelsen
(https://food.ku.dk/english/research_at_food/research_fie
|ds/foodomics/



Foodomics—a discipline that studies the food and
nutrition domains through the application of advanced
omics technologies to improve the consumer’s well-
being, health, and knowledge.

Khakimov & Engelsen, 2017



APAPTATION
T0 CLIMATE

HYPOTHESIS EXTRACTION  ANALYTICALPLATFORM  HYPHEMATED SPECTRA  CLASSIFICATION INTERPRETATION

Foodomics. lllustration by Seren B. Engelsen and Tim Newlin @

-~ ”
https://food.ku.dk/english/research_a @
t_food/research_fields/foodomics/

rC:

A .
\_-. o« » ! l‘_ ‘ l:‘te;epmnu
f‘  J ‘ pp= Data
N~ a A Analysis




Lactate
Amino acids

el
Citrate

+
Adipocyte Fat‘ Glycerob3: ﬁ} X
oy == o
O » e
: A5-con
Palmitate WCM Palmitoyl.CoA




Metabolite Profile
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Table 1. Main Features of Most The Popular Techniques for
Metabolomics

technique CE-MS GC-MS LC-MS NMRI1D NMR 2D

universality ++ + +/++ ++4 +++
accuracy -/++5 =4+ —/++ +++ oo
reproducibility +4/=" ++ /=" +4 =" oo 4+
sensitivity + Oy +++ — —
resolution ++ +++ +++ - -
efficiency ++ - + ++ +4

“Accuracy, repeatability, and sensitivity mainly depend on the
analyzer. GC—=MS and LC—MS are usually performed either with a
quadrupole or time-of-flight analyzer. "+” or "=" in front of and
behind “/” represent quadrupole and time-of-flight analyzer,
respectively.

J. Agric. Food Chem.201967236445-6457
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Table 1

Reported applications of metabolomics in life sciences research and practice

Basic research References
Functional genomics |2,5,6]
Interaction between metabolome, transcriptome and proteome |7.8]
Discovery of new biochemical pathways 9]
Interaction between species [10]
Analysis of metabolic regulation [11]
Applied research References
Medical applications

Understanding of disease pathophysiology [12,13]

Disease biomarker identification [14.15]

Early diagnosis [16]

Personalized medicine [17=-19]

Clinical trial monitoring [32.33]

Drug discovery [34,35]

Toxicology—Drug safery [36]
Agricultural [Nutrition Applications

Identification of metabolic engineering targets [20.21]

Understanding of stress response [22.23]

Classification of special varieties of produce {e.g. tea, [24-26]
ginseng, fish)

Cenetically modified (GM) food certification [27-29]

Human nutrition [30.31]
Industrial Applications

Identification of metabolic engineering targets in Escherichia [37]
coli, yeast, algae

Fermentation process improvement [38]

Biologics production and fermentation process optimization [39]

H. Kanani et al. / |. Chromatogr. B 871 (2008) 191-201



Instrumentacao: UPLC — QTOF — MS/MS
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Instrumentacao: GC-MS/MS
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Instrumentacao: Ressonancia Magnética Nuclear (RMN)
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Metabolite profiling by GC-EI-TOF covers ~ 50-550 Da
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Bioprospeccao de Moléculas com Potencial Terapéutico

Aumento da sistematizacao, informacao, maiores chances
de sucesso
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Metabolomica e Nutricao: condicoes

experimentais
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Nutrimetabolomics: An Integrative Action for Metabolomic Analyses in Human Nutritional Studies
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Nutrimetabolomics: An Integrative Action for Metabolomic Analyses in Human Nutritional Studies

FECES \
COLLECTION

® URINE
COLLECTION

Tips & Tricks

Spot urine 24 h urine
sample sample

Wide-mouth plastic  Stool specimen  Freezing toilet at -30°C
bag and a plastic collection units P
container

Ve

Sarstedt®
MarketLab®

Fecotainer®  Toilet type T-1970, Gisebo;
Privetti® Pikkuvihrea

requires an instruction for materials (e.g. toilet paper).

collection of 24h urine sample avoid stool contamination with water, urine or other
volunteer. An instruction for volunteer is required.
Samples should be transfered/delivered to laboratory as soon as possibile for further storage (< 2h).

In contrast to serum/plasma, urine and feces require sample specific normalization.
Volume and weight of urine and feces and thus the overall concentration of metabolites may vary drastically/

Information such as volume and weight for both matrices should be collected at sample arrival to the laboratory,
before samples aliquotiation.

Molecular Nutrition & Food Research, Volume: 63, Issue: 1, First published: 03 September 2018, DOI: (10.1002/mnfr.201800384)



Preparacao de amostras

Table 2. Overview of commonly used solvents for microbial metabolite extraction.

Method

B0:20 methanol:water

50:50 methanol: water

60:40 methanolwater

72:28 methanol

30:30:20 methanol:water:chloroform
60:20:20 methanol:water:chloroform
40:40:20 acetonitrile: methanol water
with 0.1% formic acid

40:40:20 acetonitrile: methanol water

Boiling HEPES-buffered ethanol solution
{75:25 wiv ethanol:water; pH=5.2)

60:40 ethanol water
Pure cold methanol
Boiling ethanol

For specific classes of compound's
Alkaline extraction (for basic molecules)
Acid extraction (for organic acids)
Bligh—Dyer method (for lipids)

Organism

For general extraction of different chemical classes

Exchenchia coli
Schizosaccharomyces pombe
Streptomyces coelicolor
Saccharomyces cerevisiae
Corynebacterium glutamicum
Leishmania donovani

5. cerevisiae

E. coli

Mypcobacternium tuberculosis
E. coli

5. cerevisiae CEN.PK. 113=7D
Methylobactenium exforguens

Staphylococcus aureus

E. coli

5. cerevisiae CEN.PK. 113=7D
E. coli, B. subtilis, 5. cerevisiae
5. cerevisiae

Pichia pastovris

M. extorguens
M. extorguens
Trypanosoma brucel

Ref.

[105=105]
[106]
[33]
[107]
[108]
[50]
[31]
[i5E]
[10%]
[110]
1]
[111]

[58]
[66.71.72.113)
[61)

[45]
[60,69,11 3.115]
[118]

[111]

[111]
[117]




Nutrimetabolomics: An Integrative Action for Metabolomic Analyses in Human Nutritional Studies

PLASMA/ ® yrINE N
SERUM

PRE-STORAGE PREPARATION
Plasma/serum (top layer) should be decanted Centrifugation of urine is a necessary step in
as aliquots into micro tubes pre-labelled  order to remove human cells/bacteria, as well as
according to their destination using a transfer ~ other non-cellular components and materials in
pipette, homogenized by vortexing and then suspension. Selected volumes of urine should be
aliquoted. transferred into appropriate centrifuge tubes and
centrifuged at 1800 x g for 10 min at 4°C. After
that the supernatant should be aliquoted.

ALIQUOTING

~ For GC-MS
3 replicates 150-300 pL each

=

v v 3 replicates 150-300 pL each

= For LC-MS

Bl For LC-MS
|| 3 replicates 150-300 pL each 3 replicates 150-300 pL each
=7 For NMR 5 For NMR
18 3 replicates 150-300 pL each 3 replicates 150-300 pL each
" . Pooled QC - +Pooled QC
© | 50-300 pL from each sample, . 50-300 pL from each sample
.| splitted into few vials | splitted into few vials

Molecular Nutrition & Food Research, Volume: 63, Issue: 1, First published: 03 September 2018, DOI: (10.1002/mnfr.201800384)



Nutrimetabolomics: An Integrative Action for Metabolomic Analyses in Human Nutritional Studies

/ PRE-STORAGE PREPARATION
FECES

- automatic homogenization of a whole plastic bag in stomacher or blender
- slirring of fresh sample with a stenle spatufa directly in delivery bag/contaner
- collecting multiple aliquots of Le. 20 mg from the same area below the surface of the stool

F P
a. fresh feces freezing at -80° C
b. centrifuging of fresh feces with or without portions of extracting agent (ice-cold PBS, 95% ethanol,
elc.) and collection of supematants (fecal water)
¢. feces freeze-drying (fecal powder)

ALIQUOTING
Fresh feces freezing Fresh feces centrifuging: fecal water
-
m For GC-MS % - For GC-MS
3 replicates 10-50 g each gg E 3 replicates 300-1000 pL each EE
For LC-MS
3 repiicates 10-50 g each  + Pooled QC For LC-MS + Pooled
0.5-10g from 3 replicates 3001000 pL each 50.200 4L from
m For NMR each sample
3replcates 1050 g each  gop ol Lrsiyiving
prapisieiorrrd) % For NMR spitied into
3 rephcates 300-1000 pL each several vials

Feces freeze-drying: fecal powder

i For GC-MS
ii:impﬁcamMmgeach i

' For LC-MS Fecal powder is hygroscopic, weigh with
3 replicates 50-400 mg each | posiag QC caution. Verify the weight of one spatula of
Pestied approx. 30-100 mg fecal powder, and fill eppendorf tube/vial
(dry powder ii For NMR from each sample with only approximative amount (i.e. ca 50
i3replk>alas 50-400 mgeach  spiitted info mg or 100mg). Take note of exact weight
several vials on the sample label. /

Molecular Nutrition & Food Research, Volume: 63, Issue: 1, First published: 03 September 2018, DOI: (10.1002/mnfr.201800384)



Nutrimetabolomics: An Integrative Action for Metabolomic Analyses in Human Nutritional Studies

| )

SERUM

Clot for 30 min at
room temperature,
centrifuge 10 min at

PLASMA
Mix with anticoagulant,
centrifuge 10 min at
4°Cand 2,500 x g

K,EDTA

spray-coated

4°C and 2,500 x g

Serum samples can show features of polymeric
material, peptides, and xanthines (the latter ones
probably from clot).

‘ Higher content of peptides and protein fragments

Incubation affects analyte peak area less in serum
than in plasma, what may result in reduced peak areas
of plasma amino acids, and carbohydrates with GC-
MS detection

Metabolite concentrations were found generally higher
in serum, yet still highly correlated with plasma

" HEMOLYSIS PROBLEM: b
The breakdown of blood cells strongly alters metabolic
profiles of blood-derived samples, by increasing the
concentrations of numerous metabolites coming from the
intracellular space as well as by inducing the degradation of
some compounds by the action of released enzymes

NORMAL
SAMPLE

HEMOLYSIS
SAMPLES

HEMOLYZED SAMPLES SHOULD BE
\_ AVOIDED IN METABOLOMIC STUDIES )

Na Citrate

Anticoagulants may interfere with NMR signals and
MS analysis

Presence of anticoagulant cations can cause
problems in metabolomic and lipidomic analysis by
binding to negatively charged phospholipids and
causing ion enhancement.

Lithium ions from heparin can exacerbate matrix
effects by increasing the signals of plastic polymers
from vacutainer container

EDTA was poorly suited for the analysis of polar
metabolites. Sodium citrate can cause problems in
determining citric acid and its derivatives

Sodium and potassium formiate ion clusters from
K-EDTA, Na Citrate creates adducts in MS spectra

Presence of anticoagulant residues may affect
further extraction processes including derivatization
efficiency in case of GC-MS analysis

Isolation of plasma yields a greater sample volume
per volume of whole blood drawn

Absence of platelet microparticles and
postcoagulation protein fragments

Molecular Nutrition & Food Research, Volume: 63, Issue: 1, First published: 03 September 2018, DOI: (10.1002/mnfr.201800384)
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Nutrimetabolomics: An Integrative Action for Metabolomic Analyses in Human Nutritional Studies

e

UNTARGETED ANALYSIS

» LC-MS: polar and medium-polar metabolites

(i.e., polyphenols and its metabolites, amino acids)
LC-MS: non-polar metabolites (i.e., lipidomics)
GC-MS: volatile metabolites

GC-MS: metabolites after derivatization

NMR

VVVYV

e stored MINIMUM

— for analysis ;

o recommended, which allows for
i REQUIREMENT additional analysis (i.e., additional
analytical technique that arises in vy ;-)
the future) \\@’r_ /'4' .
3 ALIQUOTS FOR ONE TYPE OF ANALYSIS (i.e., GC-MS) o
Tips & Trick&

\

TARGETED ANALYSIS

» LC-MS (kits, etc)

» GC-MS quantitative analysis with/without derivatization
(i.e., SCFA, sugars etc.)

» Clinical analysis (multiple choices)

In general multiple aliquots of
smaller volume (i.e., 200 yL) are
recommended, rather than few
aliquots of high volume.

Higher number of aliquots is

Molecular Nutrition & Food Research, Volume: 63, Issue: 1, First published: 03 September 2018, DOI: (10.1002/mnfr.201800384)



Nutrimetabolomics: An Integrative Action for Metabolomic Analyses in Human Nutritional Studies

Use containers adapted for the volume of matrix that will be stored. Matrix should fill
possibly 80%-90% of container with minimum amount of air above its surface. Use
containers with low adherence in the interior of the tube, and twisted caps that avoid
splashing while opening

T|ps & Tricks

Conical/skirted vials for better recovery of matrix, twisted caps.
Recommended cryovial

*YJ matrix .
;:" residues AIR
80.°C on the cap
and lower
DON’T
STORE

AIR
Q000¢ nf )
OOQO(

) \3)
% Lz %) 8 30 Optimization of storage capacity in freezers of
L small aliquotes in tight boxes. Avoid long term

storage in paper boxes.

Molecular Nutrition & Food Research, Volume: 63, Issue: 1, First published: 03 September 2018, DOI: (10.1002/mnfr.201800384)



Nutrimetabolomics: An Integrative Action for Metabolomic Analyses in Human Nutritional Studies

STORAGE
‘“Y‘.' AY
| I
-80 °C -20 °C
Long and short term storage: Short term storage (up to few weeks):
plasma/serum plasma/serum, urine
urine, feces

THAWING

iy Plasma/serum/urine/feces:
’;}4 keep samples on ice during

: e plasma/serum/urine/feces:
’-.h-'& gradual thawing overnight

in fridge at +4 °C

extractions
) 80 °C ) +4 °C
- - urine urine
93:: 30 min. at room ﬁ keep samples on ice during
! temperature extractions N ACCEPTABLE
« -80 °C +22 °C

FREEZE-THAW CYCLES

ng AVOID UNNECESSARY
FREEZE-THAW CYCLES FOR
ANY BIOLOGICAL FLUID

/
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-

Tips & Tricks

Extraction with 96 well plate,
preparation of ca. 200 samples/day for LC-MS

DAY 1 DAY 2
1 TE | s Twlnla 11 . 7 N
s ol |
£ 1S =
: : H
. - O =) |
DAY1 DAY 2
Iw;n,hl, rul .]i. 8 1 wlnln I;-‘--J 3l ,II. 1 le s wlnle
. "
: o A= -
: :
i = f =
:
E 1 - O =i =

Blanks of extraction

process

- QC pooled sample extracted
for evaluation of well plate

performance

: Real samples in
random order

D QC pooled sample,

extracted multiple times

QCs extracts are combined in one QC pooled vial, and injected
multiple times along injection queue. This quantity is sufficient to
cover injections of full sample set at least twice — in both ionization
modes. It is recommened to split this QC pooled vial into smaller
aliquots.

Example of injection queue, with double QCs injections
incorporated every 10 samples. Depending on chromatography
time duration, QCs can be incorporated more or less frequently.

Run time is 12 min: double QCs every ca. 8/10 injections
Run time is 5 min: double QCs every ca. 20 injections

RANDOMIZATION
e P

Examples:

: Im's
e. 3z AMUST
. e e !!!

EXAMPLE OF AN INJECTION QUEUE in LC-MS

-
z
a

DAY 2

K001_solvent
%002_solvent

x008_Blank1
X009_Blank2
x010_Blank3
x011_solvent
x012_QC pooled
x013_QC pooled
x014_QC pooled
x015_QC pooled
x016_urine
x017_urine
x018_urine
x019_urine
x021_urine
x022_urine
x023_urine
x024_urine
x025_urine
x026_solvent
x027_QC pooled
x028_QC pooled
x029_urine
x030_urine
x031_urine

x137_urine
x138_urine
x139_solvent
x140_QC pooled
x141_QC pooled
x142_urine
x143_urine
x145_urine
x146_urine
x147_urine
x148_urine
x149_urine
x150_urine
x151_solvent
x152_QC pooled
x153_QC pooled
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4 -
Tips & Tricks
Extraction with derivatization, ‘1’3—3::::
preparation of ca. 15/20 samples/day for GC-MS X011 _urine

x012_urine

LA T 101 PR i B
skl Wibl
ikt Wfihl

Blanks of extraction QC pooled sample extracted
process every day few times (i.e., 3)

Real samples in
U random order
Time-consuming extraction methods such as derivatization
procedures in GC-MS require a different strategy for sample
organization. Preparation of one large QC pooled extract is
not recommended due to low stability of derivatized
extracts.
Every day, a blank, and series of QC samples must be
extracted together with randomized study samples. Fresh
samples should be analysed within 24-36 h. In the reported
queue example, given a run time of ca. 70-75 min, double
QCs samples are injected every 4 samples.

RAN DOMIZATION

' IT’
=

\ s
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EXAMPLE OF AN INJECTION QUEUE in GC




Qual analise estatistica?
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VERIFICATION OF QUALITY CONTROL SAMPLES AND QUTLIERS WITH PCA

Example of Baich Effect — sampies dovaded
inle two clouds dup 10 A prompl problem
during injections (FUsW, nof rosmalized data)

Examples of Driff dus 0 loss of signal
intensity- Samples and D08 sulfered Trom
drop In the signal intersity during injections
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= @ bght OCs clowd i lotaded neprby B owedn
cioud of real samples (RN, nol normalized

(RAW, ot nonmadized data) A
¥ ‘Ill llr ! " I I'Iﬁ ]
- .y LR Jl:..-rl - r
L 124 . ~ 11 _' @ |'||i‘_-|-.._ T
: i lF"“' H I'r‘:lrﬁ_‘-l- E ) P" -:h"‘.:qﬁ:-"??"l- :'-.l I'-E:-‘I -
g .ﬂ-‘ 1 o ¥ - - L B | 'i.ll-- L
" - i [, . - et
R S AT P ' . et o7 TETy -
i - e i, a i'._'-l 5. T l._."!‘-
- [ = B ] ' - - § - - - = q@q & - .
Example of QC prepared from commarcial
The s sampls sl nomalzed by Tha saeni sarnpbe sal normalized by: Biological fluid (ie, plasmal- o b D08 cloud 18
1) madian of sach fatuniplate = 1 1) resbciinn of each festunsiplase = 1 localnd fae Trom B wider cloud of mal sEMps
2 Intmnsiiy of crauiinir me Teadung 2] Imbengity of crpatining mvir faalure (AW, not nommalzed data) Thee samphes
b :I (outhers] are separaled from e rest of samples
(tdots circhay)
] M J." I o |I - r
1 = - L] 1
L - ©
z i‘ - r I ‘_“;l__ﬁl o :h‘r-;.r;.." L N E .,I'_.l .-
P Er 3 .lll"--r Ii'r:Irl il
T © - "
. 3 I L. .Glmilim __—
) H F - - = ] = - ‘1'.:5 .;“‘
i e P ma W L :@:f
.W'I-I'II:JH '.h.ﬂrl.m'_ 'c:ll'.h.h::.m-;—. LT"‘!THIJ

Molecular Nutrition & Food Research, Volume: 63, Issue: 1, First published: 03 September 2018, DOI: (10.1002/mnfr.201800384)



Exemplos

) ) TUTE OF §
: \?“’\\l .‘ f!f'x
: . ',
A
D-IT e
- o
=
e
-
"N

llN ALTUM '

I = VRN B VRN &

COPENHAGEN

UNIVERSITY OF

Cientifico e Tecnolégico

. [ ]
o ) {Qz q inct
instijcuto§ nacionais _
v Conselho Nacional de Desenvolvimento de ciéncia e tecnOIOQIa

C APES



"H NMR spectroscopy and chemometrics evaluation of non-thermal
processing of orange juice

Amostra: Suco laranja
Processamento: Plasma e O,
Analise: RMN H

Quimiometria: PCA e quantificacao (gNMR)

CHEMISTRY

— ™ - Tl Tinl: Ti T =]
Food Chemstry 204 (2016) 102-10



Fig. 1. TH NMR spectrum (C), PC1 vs. PC2 scores (left side — A) and
loadings (right side — B) coordinate system for the orange juice
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eThe processes promoted slight variation in
concentration of primary metabolites.

eThe variations did not result in significant changes in
orange juice composition.

ePlasma and ozone are suitable non-thermal alternatives
for orange juice processing.



An untargeted chemometric evaluation of plasma and ozone processing
effect on volatile compounds in orange juice

Amostra: Suco laranja
Processamento: Plasma e O;
Analise: GC-MS

Quimiometria: analise hierarquica + PCA

Innovative Food Science and Emerging Technologies 53 (2019) 63-69
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NMR spectroscopy and chemometrics to evaluate different processing
of coconut water

Amostra: agua de coco
Processamento: termico (UHT) + com/sem SO,
Analise: RMN 1H

Quimiometria: PCA e quantificacao (gNMR)

LI

CHEMISTRY
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Food Chemustry 216 (20017) 217-224
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UPLC-gTOF-MS/MS-based phenolic profile and their biosynthetic

enzyme activity used to discriminate between cashew apple
(Anacardium occidentale L.) maturation stages

Amostra: caju

Processamento: diferentes estadios de maturacao
Analise: LC-MS

Quimiometria: PCA e OPLS-DA
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cinnamoyl may be used as a chemical stage 7-ripe juice , While

monogalloyl diglucoside (c) and digalloyl (d) as chemical markers of stage 2-
green juice samples from both cashew clones. Meanwhile, four compounds could be used
as markers for stage 2-green of both clones, (i, jand 1) and GA4 (9)
which have low in due to their chemical natures as
phenolic and a acid, respectively.

The evaluation of enzymes of phenolic in juice samples showed that PAL
activity decreased significantly during the of cashew apple clones, despite of

which, it was much higher in ripe CCP 76 cashew apple. UGT activity differed between
clones, however its main product, cinnamoyl glucoside was the most characteristic
compound, thus a chemical marker of ripe juice samples from both clones. FLS showed the
highest specific activity in both cashew clones and its product, (glycosylated
probably due to UGT action), were identified in cashew apple at immature and ripe stages.
LAR activity was not detected during the development of cashew apple from clones BRS
189 and CCP 76 agreeing with previous publications , which found no LAR
substrates, flavan-3-ols or proanthocyanindins in cashew apples.


https://www.sciencedirect.com/topics/chemistry/glucoside
https://www.sciencedirect.com/topics/chemistry/marker
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sample
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/glucoside
https://www.sciencedirect.com/topics/chemistry/fiber
https://www.sciencedirect.com/topics/chemistry/anacardic-acid
https://www.sciencedirect.com/topics/chemistry/solubility
https://www.sciencedirect.com/topics/chemistry/aqueous-solution
https://www.sciencedirect.com/topics/chemistry/lipid
https://www.sciencedirect.com/topics/chemistry/diterpenoid
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/anabolism
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/development
https://www.sciencedirect.com/topics/chemistry/flavonols
https://www.sciencedirect.com/science/article/pii/S1570023216312909?via=ihub
https://www.sciencedirect.com/science/article/pii/S1570023216312909?via=ihub

Chemical profiling of guarana seeds (Paullinia cupana) from different
geographical origins using UPLC-QTOF-MS combined with chemometrics

'H quantitative nuclear magnetic resonance and principal
component analysis as tool for discrimination of guarana
seeds from different geographic regions of Brazil

Amostra: guarana
Processamento: diferentes origens
Analise: LC-MS e RMN H

Quimiometria: PCA e quantificacao

2

Food Research International 2
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Genotype evaluation of cowpea seeds (Vigna unguiculata) using '"H gNMR
combined with exploratory tools and solid-state NMR

Amostra: feijao caupi
Processamento: (9 genoétipos)
Analise: RMN !H

Quimiometria: PCA e quantificacao (gNMR)

ﬁ}mﬂ] i,

Food Research Intermatona 971 (2017 ) 140-147
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Tracking thermal degradation on passion fruit juice through Nuclear

Magnetic Resonance and chemometrics

Amostra: suco maracuja
Processamento: térmico UHT e HTST
Analise: RMN H

Quimiometria: PCA e quantificacao (gNMR)




(@)

Scores on PC2 (25% of total variance)

=
o

0.3

o
o

bt

(=

&

Scores LV2 (14.5% of ¥ variance)

010

0.08

0.08 -

0.04 4

0.02

0.00

-0.02 4

o Control
v BS'C
s 140°C

&0 s

A0 s
155

60 s

30 s

@155

).15

25 (a)

ol by 18 -0.04 -
- o — 14 E 4 5
= 15 =] b
£ . 40,06 -
N . 7 1 Control 85 °C 140 °C
20 o I .08 1 r 1 r 1 . 1. &t 1 °r.1 |

o] ; # 30 025 020 015 <010 D05 000 010 oIS

a0 ) T
Time ) Scores LV (82.2% of ¥ variance)

110, (© ol (@ a, ~/ l ) ' F SRt 26 2

105 0.08] (b)
5 T :Z; O Control
% o bI g o0os ] 85°C a =
:_,E’ ’ E 004 e S b 9 -
E 1 g 003] = c | b
g 85 @I_’,/ T 002 . be, by e - c

! ] P : gs

S ) o 10 2 30 P 50 60 -
Time (s) Time (s) ] T T T v
6 5 4 3 1

Acetic Acid

Unknown

HMF

Unknown

'"H Chemical Shift (ppm)

Q0 85 80 75 70 65



Chemometric evaluation of the volatile profile of probiotic melon and
probiotic cashew juice

Amostra: suco melao e caju
Processamento: probiotico + térmico UHT e HTST
Analise: GC-MS

Quimiometria: PCA e quantificacao (gNMR)
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Evaluation of thermal and non-thermal processing effect on non-prebiotic
and prebiotic acerola juices using 'H gNMR and GC-MS coupled to
chemometrics

Amostra: suco acerola

Processamento: prebiotico + térmico UHT e HTST + US+ Plasma

Analise: RMN 'H + GC-MS

Quimiometria: PCA e quantificacao (gNMR)

CHEMISTRY
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'H NMR and LC-MS-based metabolomic approach for evaluation of the
seasonality and viticultural practices in wines from Sao Francisco River
Valley, a Brazilian semi-arid region

Amostra: vinho

Processamento: prebiotico + térmico UHT e HTST + US+ Plasma

Analise: RMN 'H + LC-MS

Quimiometria: PCA e quantificacao (gNMR)

CHEMISTRY
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| obesity in mice: an NMR metabolomic evaluationt
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Brasil

18,9%

OBESIDADE

* IMC > 30kg/m?

EXCESSO DE PESO

* IMC = 25kg/m?2

(Vigitel, 2017)



Bagaco de frutas — fonte alternativa
de fibra alimentar

» Subproduto producao
de sucos

» Geralmente descartado
Nno meio ambiente

» Fibra e compostos
fendlicos ligados a
matriz da fibra

» Caju: Importancia socio-
econdmica/riqueza em
nutrientes

Fonte: Siqueira, de Brito. Foto: Claudio de Nor6es Rocha

JURGONSKI et al., 2016; OLIVEIRA; IPIRANGA, 2009



Preparacao da racao dos camundongos
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e Glicose

 Colesterol total, HDL, LDL,
> Soro —> triglicerideos

 Enzimas hepaticas (AST, ALT)

W

« Enzimas digestivas (amilase, lipase)

« Hormoénios (Insulina, leptina,
grelina)

- Citocinas (IL-6 e TNF-a,
adiponectina)

 Peso
- MDA
* NP-SH

« Colesterol

« Histologia



Metabolismo normal
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Ingestao alimentar e energética: sem
diferenca

Ingestao de agua: elevada FcSM

Peso corporal: sem diferenca



Perfil do soro dos camundongos através de RMN acoplado a
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» etanol pode ser produzido por microrganismos intestinais sob diferentes
condic¢des nutricionais (Elshaghabee et. al, 2016).



Perfil das fezes dos camundongos através de RMN acoplado
a quimiometria
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A comparacao entre 0s espectros mostrou que as fezes séao principalmente compostos de
acidos organicos de cadeia curta (acético, propidnico, butirico, lactico, succinico e férmico),
aminoacidos (leucina, alanina, uracila, tirosina e fenilalanina), aclcares (sacarose, glicose e
frutose) e metanol.



91.7%

HFD-CABwc

ND
HFD

0.003

0.002

a) Scores

b) Loadings

M_ocnm:o
propionic ac. |

L lactic ac.

\ > alanine
—> butyric ac.

ropionic ac.
\iv P

> butyric ac.

r methanol

[}
k=
EN
% -
2 <«
Q
Q
2 <
on
OmohosmL
9soIons
I T T T
Il o < b !
sSUIpPOT I0d

1.0

1.5

2.0

2.5

3.0

Variables (ppm)

4.0 3.5

4.5

5.0



ND

a) Scores
HFD
0.0004 HFD-CABwc
X
= 0.0000
o
3
g, -0.0004
-0.0008
-0.001
>
O
b) Loadings = 1.0 %
% -0.002 _2)
0.002 2 pC? 2
=
o =
o104 ¢ = ° 2
. I g £ 8
£ 005 & & g 2
§ 0054 & 5 2
: Mo
=000
QO ]
QL
-0.05
| T T T T T T T T T
8.5 8.0 7.5 7.0 6.5
Variables (ppm)

A presenca desses aminoacidos esta possivelmente relacionada as
atividades metabolicas das bactérias intestinais do género
Adlercreutzia, Anaerostipes, Coprococcus da familia Lachnospiraceae
(Lin et. al, 2016).
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