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JE e NMR, MALDI-TOF «a-

KASETSART UNIVERSITY

- penagavedAlsenauluenvng wu Tsiu wanmai Fnniu ansthuilon wanlulas

- Anwnaaasnisutlsgilannng (processing), nisifiuinm uaznistiaslugianie
2. Bioinformatics waz Data Science:

- JiziliayaruInlunjannisnadnlaing

: ﬂ@zm@m@%@H@Lﬁ@izumﬁi%ﬂﬁwa‘?ﬂﬁa&l (biomarkers)

- TUAANNTARLALANTATINNLFARANYNT

=4 (-4

NI/ NLUUINRAITNNINITL AATNTSNU Y

- WENK TUNCTIONaAl TOoAas waz nutraceuticals '

FACULTY OF

- _
@ +662-562-5020 fstku@ku.th |l http://agro.ku.ac.th AGRO-INDUSTRY



M lunes Foodomics?

>4

* pgAuulaniug dounanuUU UL UUdAY 21UISIULAY ¢

FOOD SCIENCE
&TECHNOLOGY

KASETSART UNIVERSITY

* HUFINAARINITRINISNUARANLASIUNIEALFUATNRANIZUAAR
* TsaldlfnADRIER5Y LW LLNYWIY ANAY

* 11 laNaaIwIsAa Microbiome uazszuusreanialanasqau

. AATITNBINTLRNIZLAAR

* @ msvagauANNlaannEszALlNLEANS

o #2 3an raw material /+mun functional foods / nutraceuticals
. Q AamuNaa1unsaa gut microbiome

2 +662-562-5020 fstku@kuth |nall http://agro.ku.ac.th

-_— T T T ey - s  rfiImyTemrreere s T, TER. TEA 882 A8 2 s, . KASETSART UNIVERSITY



LEEEERF
TEABRER
LR

&

L 208 TR Fe

TR ELLEEEEE
FOOD SCIENCE
n Py
&TECHNOLOGY '
¥
oy
KASETSART UNIVERSITY ™
BNEEENEEREN
KDML105 K HN RBR KDML105
C10:0 FAME C12:0 FFA
C11:0 FAML Cl4:01 A
C12:0 FAME e — C15:0 FFA
C14:0 FAME C16:0 FFA
C15:0 FAME ci1z7.o reA
[CleoramMeT 7 e ] CI8:0FFA
C17:0 FAML C19:0 'FA
C18:0 FAME C20:0 TTA
C20:0 FAME C23:0 FFA
2o FAMERE L 260 FFA
C€22:0 FAME C16:1 FFA
(23:0 FAME CI16:1 cis FFA
C€24:0 TAME C18:0-0I1
€26:0 FAML phytol
C28:0 FAME ! CI18:2 IFFA
Cl4:1 FAME I A C20:1 FFA
C15:1 TAME C24:0-O11
C16:1 FAME C€26:0-OH
C16:1 cis FAML €28:0-011
C17:1 FAME C30:0-OH
CI8:1 TAME C32:0-011
C20:1 FAME A-tocopherol
C22:1 FAME y-tocopherol

Color teﬁrature scheme

0%

T +662-562-5020 (&) fstkua@ku.th

50% 100%

u-tocopherol

campestanol
stigmasterol

A7-cal stanol
E-sitosteml
sitostanol
AS-avenasterol
gramisterol
cycloartenol
A7-avenasterol
24-MCA
citrostadicnol

ul http://agro.ku.ac.th

-

® phytol

& C18:0 FFA : -
v . CIE1FAME L C16:2 FAME !
CHNFAME — 08" o /61 FAME
C21 FAME———— % /]

CI8:0 FAME ——

& C160 FFA
C18:2 FFA

L3
L]

-.CIS:] FFA
® - Clel FFA
L

S

-
=
-
-
=
o PO H RBR TNF-u 250gg/mL 3 hr
- ostero]l —— —
3] B KDML105 u-Tocopherol ———
Ll Gramisterol ——— e

Stigmasterol —— e *

AT-Campestanol —— - _‘ A
Sitostanol — - jt‘u,mz:o 3hr
Campesterol —— &

B HN -
2 1L-1p 250 ng/mL 6 hr.
.

1 I

-12 -0 -6 -3 1] 3 6 9 12
PC1 (66.66%)

IL-1B 250 ng'mL 3 hr
TNF-a 250 ng/mL 3 hr

TL.-1$ 250 ng/mL. 6 hr - B |
TNF-a 250 ng/mL 6 hr | I |
¥ f\_ v v i o
Qs(—.;.%ﬁ&“’:?.g’@%?: 0
E = B 2 g < = 2 < 0%
2222838283 »¢%8
A B = B 3 2. 3 8 & =
s 22 227 ¢ 2 &2 g
- 2 = Z T S & 3
- g = - (=1
B =4 S 1

Lipidomics and gene expression oof THP-1 monocytes to
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Metabolomics and Flavoromics of Sweet Fermented Rice
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Study of metabolite profile changes during germination @rasersarr
- Germination process considered to improve the nutritional

quality

<Germination of mung bean>

PCA score plot of metabolite profile data

. A e - The first two components
covering 60% of variance can
(336h discriminate the metabolic

3§j > [*®48n changes between the sprouting p
& | times. <
(a8

5 | 60h

75h l

-30 -20 -10 0 10 20 30 \

?Oh |
15 \
PC1 [41%] ‘ ‘ \ |
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Study of metabolite profile changes during germination
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Heat-maps of non-polar (A) and polar (B) metabolite

Oh 24h 36h 48h 60h 75h

fractions in the course of germination. e

hydroxybutyric acid

phosphate
A Oh 24h 36h 48h 60h 7 5h ~ maleic acid
0120 FAVE - Organic acids * siacieuns
C14:0 FAME 4-aminobutyric acid
C15:1 FAME glyceric acid
' C15:0 FAME fumaric acid
- : C16:2 FAME
FAMES v C16:1 FAME pyrrole-2-carboxylic acid
benzoic acid

C16:1 FAME (cis)

(reflecting the mung  ““Gierrme

amino malonic acid

) . . C17:2 FAME malic acid
bean’s triglyceride.)  cmirme ol acid
C17:0 FAME tartaric acid

C18:3 FAME o-amino-adipic acid

C18:2 FAME
C18:1 FAME
C18:0 FAME
C19:0 FAME

cis-aconitric acid
citric acid
cumaric acid

+ C20:2 FAME ) A allan'ine
C20:1 FAME - d : glycine
0201 FAME Amino acid * e
C22:0 FAME valine
C23:0 FAME leucine
C24:1 FAME alloisoleucine

C24:0 FAME

isoleucine
C25:0 FAME )
proline
C26:0 FAME serine
' ‘ C28:0 FAME ,
threonine
pyroglutamic acid

B Oh 24h 36h 48h 60h 75h S-hydroxy norvaline

A B A Iycerol threonic acid
- Sugars : f?uﬁ ose glutamic acid
s | - pronyanine
asparagine
glucose )
qalaciol 0 50% max glutamine
myo-inositol Metabolite levels correspond to the color histidine
temperature. Higher temperature indicate higher lysine

sucrose
galactopinitol B
galactinol
raffinose

content of the respective compound. tyrosine
tryptophan

ethanolamine

2,4-hydroxy-pyrimidine

Source: Na Jom, Frank and Engel, (2011)
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Mung Bean Peel Extract Powder
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Ungermlnated seed

Taken after 2, 4, 6, 8 days

. . . . roasted in a coffee roaster
Metabolomics + Flavoromics in Sacha inchi

100 °C 140 °C 180 °C ,
| | | | | | | | | N9 UAN
15 30 45 15 30 45 15 30 45
min min min min min mMmin mMmin min min

4

Germination

% GC-FID (metabolites) and GC-Tof-MS (flavors) Roastlng
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PC2 (20.73 %)

Principal component analysis (PCA)

0

“  Flavor compounds

[ ] = - -
15 Metaboliles

SE Benryl aleohol
2(3H)-Furanone, S-ethyldihydro 4
Aspariic acid  Aminoscbutyne soid

10

SOFAME 161 FaME )

¥ "131—‘5'1‘& 26:0 FAME
i3

1]
5
1-Ogten 3ol
Squalens Valine
-10
150 FFA
1R 2FFA Lsoleusine
-15 180 FFA
18:3 FFA . 18:1FFA
(E}-2-Hexenal w
-0
15 10 P

=1

Biplot of principal component analysis from metabolites and

flavor compounds in roated sacha inchi seeds at different

germination days (p < 0.05).

PC1 (60.94 %)

Cluster 1, 0DAG (17 FAMEs, 5 phytosterols, and 8
flavor compounds)

Cluster 2, 2DAG (1 FAME, 5 FFAs, and 1 flavor
compound)

Cluster 3, 4DAG (5 FFAs, 3 amino acids, and 4
tlavor compounds)

Cluster 4, 6DAG and 8DAG (all sugars, most of the
acids, and 20 flavor compounds)

DIANDUANNAN



PC2 (26.55 %)

Principal component analysis (PCA)

4D1401 ) Propanoic acig
2.3-Butpnediol
18:3 FFA
2-ethyjAuran 18:1 FFA
18:2 FFA \/
1.5 Glucose Fructose eomne methionine 4D140/30 150 TFA
4D100/30 5 Hexenal® 2.3-Butanedjons ;Penten3-ol . acetic acid '
4 Methional ini¢ ac serine* proline
4P100/15 5 P
[Methyl hfxanoate ‘III Acetoin phenylalanin] Butanoic acid, 3-methyl- A 4D180/15
1 4D100/45 Hexanal LAI A Benzyl alcohol Pytidine ,~ 2-methyl-2-Butenal 4D180/30
1-Odten-3-ol (E)-2-Pentenal 413 40/45, Benzaldehyde tetramethlyl-Pyrazine A
Bulanoic acid (Z)-2-Penten-1-ol 1-(2-furanyl)-ethanone 2-methyl-thiophene A
2D100J45 Benzeneacetaldelyde 2-Acetylthiazole fumaric acid /~ 2-methyl-thiazole 4p1
05 A 3-ethyl-Benzaldehyde hiophene 2-Heptanone Dimethyl disulfife
= 1,2-Butahediol (E)-2-Heptenal 2-methyl-5-propyl-Pysazine Butyrolactone,

2-Methylpyrazine
2-Acetyl-3-methylpyrazine

2-Furanmethanol

2(5H)-Furanone

2,5-dimethylpyragine

Trimetny[-pyrazine

2,6-dimethyl-pyrazine
2-Acetyl-5 -methylfirau

2D180/30

Thiazole

2D140/30 P—
lutaric acid
2AD100/30 2D140/:S g
. (E)-2-Ogfen-1-ol
2.4-di
0
1-Pentanol
1-Hexanol A
1-Butanol, 3-methyl- 2D180/15
-0.5

4-Methylthiazole

Methyl nicotinate
Methyl 2-furoate

cetoxy-2-propanone.

Dihydro-2-methyl-3-furanone

2-ethenyl-5-methyl-pyrazing
-Byrrole

Acetylpfrazine

A Furfural 1-(2-furanylmethyl)- 1 H
2D180/45 - Khiophenecarboxaldehyde
threonic Citric acid
F140/15 F140/45 3, Adimethyl- 1H-pyrrole-2-carbokaldehyde
- A
1 i II F180/45 4-methyl-2-(1-methylethyl)-thiazole
F100/30 D aaaadicn s A, F180/30
F100/45 & ‘ FMORO & 1-Methyl- 1H-pyrrole-2-carbaldehyde
R100/15 A
15 squalene C22FAME homoserine  F180/15 2,5-dimethyl-3-(2-methylpropyl}-pyrazine
- campesterollélo FHA tyrgfin 18:2 FAME
B stigmasterol ethyl-1H-Pyrrole
sitostanol rrolidinecarboxaldehyde
2 S NE T 9.12-0H:18 120H18:1
1.5 1 -0.5 0 0.5 1 1.5 2

PC1 (29.09 %)

2.5

Biplot of principal component analysis from metabolites and flavor

compounds in roated sacha inchi seeds at different roasting temperatures

and times (p < 0.05).

Cluster 1, roasted ungerminated seeds at low and
medium roasting temperature

Cluster 2, roasted ungerminated and germinated
seed both of 2 and 4 days at the highest roasting
temperature

Cluster 3, roasted germinated at 4 days at roasting
temperature higher 140 °C

Cluster 4, roasted germinated seed at 2 days at low
and medium roasting temperature

NIANIAUAINANA



FAME:s

Polar lipids

Sugars

Acids

Alcohols

Ketones

Aldehydes |

Esters

Furans

Volatile acids

Pyrazines

Pyrroles
Thiazoles
Pyridines

Dimethyl disulfide
Thiophenes

{
i
i

PiiEEREERRREGIIIIRIREIY:

The triangular heat map represents
pairwise correlation analysis
between metabolites and flavor
compounds at different roasting
temperatures and times. Each square
represents Spearman's rank
correlation coefficient at a
significance level of p < 0.05. Orange-
red, strong positive correlation (r >
0.7); green, strong negative
correlation (r <-0.7).

FAMEs |

Polar lipids
Acids

w v v v wv L2 2] v 9
S g S 8 8 = g 22
= ) S 0 = Q = o Q
S 5 S m g S s B3
£ S © = [ = > S
= Mo = > A S
< = P =

(@]

=

Pyridines
1 disulfide
hiophenes

Dimetlgly

Spearman'’s rank correlation

The component of alcohols, ketones, aldehydes,
volatile acids and furans, negatively correlated with
FAME compounds, and strongly (r <-0.7) with 16:0
FAME, 18:3 FAME, 18:2 FAME, and 18:0 FAME.

Pyrazine, pyrrole, thiazole, furan, thiophene, and
pyridine compounds correlated negatively with
sugars (fructose, glucose, and sucrose), but positively
with acids

A LUENIANTIIBAUAINBDNA




Nam Dok Mai Mango

Varieties : (1) Nam Dok Mai Si Thong
(2) Nam Dok Mai No.4

Season : (1) Dry season
(2) Rainy season

Treatments: (1) 0 Days at maturity
(2) 2 Days at maturity
(3) 4 Days at maturity
(4) 6 Days at maturity
(5) 8 Days at maturity

NHNUIAAN Lo




NzNUIRanlAgN

Metabolomics of NamDokMai Mango
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Butanoic acid
10 hP t“eﬂfﬂ" dZ hyl
Tgifpoicacid, 2-methyl- 3(2H)-Furanone 4-methoxy-2,5-dimethy]
9,12-OH, 18:0 - - -
4-Hydroxybutyric acid 1-Butanol,3-methyl
A7-Avenasterol L Hexanol
22.0-0H 28:0-0H o
@ NFD 0D 15:1 FAME @ NFD4D 2 Hexanol @ NFDSD
o 9:0FFA ¥ o
NFROD @ NFR2D 16:-0H @® NID6D Hexadecanoic acid, ethyl ester
5 52 Butanoic acid, methyl ester
22:1 FAME 1S:0FAME Citrostradienol ;
23:0 AN Dodecanoic acid, ethyl ester
18:0 FAME Methyl-p-hydroxy cinnamate
18:0 FFA Q40 EaNEET0] . NFRHD Decanoic acid, ethyl ester
16:0 FAME ‘ 12: ) 12:0 FAME NFR4D y Hexanoic acid, ethyl ester
15: Sitostanol Methyl ferulat Uummn e
5. Methyl ferulate E
16:1 FAME b'%ql?rm’}eu( & @34 D Histidine * thrsembllcmlc Fructose 1-Butanol @ NFRSD
= ranpigterol STD 4D A S&rlnse
18:2 FFA & i x x L 2 lsnl=unne prnlme succinic acid @ “threonine 1-Octanol 1 Pe“m" -3-ol
0 Aloxy ci uﬂm‘ 'nmisjt_etl'nl gl e Buta thpxv-2.5-dimetl v1-
18:1 FFA $hydroxylafyric acid Sitosterol ¥ Humulene AMyo-inositol rrenala®e ‘=
Malic acid Stigmasterol Glutamine . - : d
18:1 FAME Citric acid trans-i-Ocimene Glycine Gh—cerﬁ Buty wdﬂ. fthe i 1ethyl ester
- acid, ethyl ester
18:2 FAME Acetoin o ‘ Manitol soentanone »
® STDOD -Ocimene Humulene x Tyrosine STD 6D Benz)
Cabyophyll b4 GABA Octanoic acid, ethyl ester
trans-d-Tonone aiyophyliene P x
Fumaric acid X Furan,2-eth’1 1-Hexanol,2-methyl-
5 Campesterol STR 4D Isoleucine, proline, sucfanic acid 3 n-1-gl a -
o Squal¢ne ona
a @ s1o2D TN onda Lot
. Theronidacid B Furan, 2-ethyls g o o1 (z)
® STROD STR2D 1-Texanol,2-ethyl
Pyroglutamic acid
Acetophenone ® STRSD
P-aminobutyric acid
W
Acetic acid. 2- phenylethyl ester
%
3-Hexen-1-0l(E)
-10 x
@®/STR6D Butyrolactone
X
x X
X
X X "gé
x X X
X % B Acetic acid, butyl ester
% Acetic acid, buiyl ester
o XX *
15 - -
-15 -10 -5 0 5 10 15
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Biplot of principal component analysis from all identified metabolites (@) and flavor compounds ( g ), Unknown
metabolites and flavor compounds ( »< ) in dry and rainy season ‘Nam Dok Mai

’

mango cultivars



Mango wine making steps (Overview)

Preparation of mango juice (must) Preparation of wine yeast
8t ripen day, 22 °Brix, pH4 Saccharomyces bayanus Lalvin EC1

118

Metabolomics

1 Physicochemical
checking
Fermentation » Sampling

2012 °C, 18 Days

Flavoromics

100%

Clarification & Stabilization

j 0, 25, 50, 75,

v
Filtration & Bottling

Physicochemical
v checking

Metabolomics

Aging (Storage) » Sampling

10-12 °C,
0,1, 2, 3 months

Tannziagiimanla

Flavoromics




Integrated metabolomics and flavoromics

Nonanoic acid, cthyl ester and Linalool

(-] 3 -
< Acetic acid, octyl eq(ﬁ.rucu,,l

. ® Glucose
< Hexanoic zc;&f nn:(\h_\l ester
X

< Acetic acid, hexyl ester

25
20
>
15
X * Citronellol
Isopentyl hexanoate
10 ® Sorbitol
“ Hexanoic acid, ethyl ester ~
‘o 5
§ - < Ethyl 9-decenoate
v < Decanoic acid, ethyl ester
- “ Acetic acid, 2-phenylethyl ester”
= 0 Octanoic acid, 3-methylbutyl ester
~— Clitric acid
o3 S
& ® Glycerol
-~ -5
e—— -
Post-fermentation or Final product
-10 < Isobutyl acetate
. 1-Butanol, S-nlclh)l?. acet
¢ Malig acid
< Octanoic acid, ethyl ester e
-15 ;
< WedadeeRl86c acid, ethyl ester
Ghycine ~
220 ® Methyl ferulate
225
-20 -15 10 -5

® 12:0 FAME

In-process

x

® 28:0-OH
® 9.12-OH 18:0

x12_1

o 120FPLFA

Ivrosine
° 3
°
o 18:FFFA
® 18:3 FFA
0 5

PC1 (38.55%)

® Methyl-p-hydroxy cinnamate

56 identified compounds of
metabolites = 40%

73 identified compounds of

flavor compounds = 25%/

@ Manitol

® Trehalose

® p-Sitosterol

® Pre-fermentation x .« (an¢ g jonone

® 18:2 k. -

$5 1850 FAME
* Q(‘silosianol
% 2 o® o < <&
< X trans-f-Ocimene

® Gramisterol
GABA
® 18:1 FFA

® 18:2 EFA
® 14:0 FAME »

Taunziagiimanla

v
N

10 Is 20

Biplot of principal component analysis (PCA) from all identified metabolites (o) and flavor compounds (x) in
‘Nam Dok Mai’ mango wine during wine processing periods: pre-fermentation group (4 ), in-process group (m),

and post-fermentation or final product group (A).



Univariate analys

- S % =% - % & %
- E E=E E & £ £ £ s & & F F % ER-
= 2 2 2 = £ 2 = s 2 28 2 2 E 8 &8 g =
et EEE 8 s 25 %2 = # B EE =25 a
5 £ & & s £ =5 = = T & & & T © = = =
S 2 = 2 £ 2= E E E = = = = £ S E E Z
s e = = =E F E = = T & = =& =S F =2 = =
> a v o~ —_ = = = = = 8 &£ =2 =2 = = =
12:0 FAME Ghcerol
14:0 FAME Fructose ]
15:1 FAME = Glucose
cis ‘ Manitol T
15:0 FAME Sorbitol
16:1 FAME Myo-inositol
16:0 FAME Sucrose-
18:3 FAME Trehalose
Fermentation qctivqtor« s i cide g g
18:1 FAME 4-Hydroxybutyric acid | T
18:0 FAME Lcucine
22:1 FAME — Isoleucine, Proline, Succinic acid
23:0 FAME Fumaric acid I T
9:0 FFA - - Thrconine
12:0 FFA @ B B-Aminoisobutyric acid
Methylp-hydroxy cinnamate Malic acid
Methyl ferulate Pyroglatamic acid i
16:0-OH =0 GABA |
18:3 FFA Threonic acid
18:2 FFA Ghutamine
18:1 FFA Citric acid
20:0-OH Tyrosine !
9.,12-OH 18:0
22:0-OH
28:0-OH
Campesterol
B—Sitnsterol-
Sitostanol
Stigmasterol 7 ;
Gramisterol i ]
AT7-Avenasterol
Citrostradicnol
Color temperature scheme

0% S50%

Heat plots of metabolite compounds including fatty acid methyl esters, minor lipids, and sugars during

is (metabolites)

100%

Lactic acid bacteria
contamination checker

Malolactic fermentation
checker

Tannzianaanly

‘Nam Dok Mai’ mango wine processing and storage; FAME = fatty acid methyl ester, FFA = free fatty acid.
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Heat plots of flavor compounds including esters, alcohols, ketone, aldehydes, terpenes, volatile acids,
furans, phenol and lactone during “Nam Dok Mai” mango wine processing and storage.
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E) Higher alcohol Volatile fatty acid

A simplified flow chart of Saccharomyces yeast metabolism. Glyceropyruvic fermentation (A), Acetyl-CoA
fatty acid metabolism (B), Aerobic respiration (C), Anaerobic fermentation (D), and Ehrlich pathway (E).
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Correlqﬁon anal

are shown in orange-red scale (r > 0.7 was strong positive correlation). Negative correlations (r < -0.3) are shown in green scale (r <-0.7 was

and storage. Each square represents the Spearman’s rank correlation coefficient at a significance level p < 0.05. Positive correlations (r > 0.3)
strong negative correlation).

Triangular heat map represents the pairwise correlation analysis between metabolite and flavor compounds during mango wine processing
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FAMEs + Sterols, Sugars, Alcohols, Ketones, Aldehydes, Terpenes, Volatile acids
Minor lipids
- Ethanol, Phenylethyl alcohol, Acetic acids
Minor lipids -  Esters, Ketones, Aldehydes, Terpenes
Glycerol + Acids, Ethanol, Esters
Sugars - Esters, Ethanol

+ Higher alcohols, Terpenes, Volatile acids
Acids - Higher alcohols

+ Free fatty acids, Esters, Ethanol
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Metabolic and Cannflavin Profiles of Germinated Hemp Seed (Cannabis sativa L.)
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Metabolic and Cannflavin Profiles of Germinated Hemp Seed (Cannabis sativa L.)
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Metabolic and Polyphenol Profiles dauulwslunsznau

Kratom
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Metabolomic extraction
dauulwslunsznou

50 mg sample + 1.5 mL of Solvent

Vortexed for 60 sec
Sonicated for 30 min
Centrifuged at 4000g for 10 min

!

Filtered

UHPLC-MSMS analysis
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All compounds “

Heat map diagram of all metabolomic profile
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Compound Red Vein Green Vein Maeng Da

(2R)-2,3-Dihydroxypropanoic acid

(2R,35,4S,5R,6R)-2-(hydroxymethyl)-6-(2-phenylethox:

(2)9-HpODE

12-oxo Phytodienoic Acid

18-B-Glycyrrhetinic acid

2-Amino-1,3,4-octadecanetriol

2-Furoic acid

® (o (ns|(w|n |-

Polar

4-Coumaric acid

95,13R-12-Oxophytodienoic acid

Alverine

Asiatic acid

50. Yohimbine

Azelaic acid

Benzidine

Betulin

Bis(2-ethylhexyl) phthalate

10. Alverine

Chlorogenic acid

Coumarin

D-(+)-Proline

D-(+)-Pyroglutamic Acid

D-(+)-Tryptophan

D-(-)-Quinic acid

D-Saccharic acid

DEET

Dibutyl phthalate

DL-Glutamine

DL-Lactic Acid

Non-Polar

Fumaric acid

Galactonic acid

Gluconic acid

Hexadecanamide

Kaempferol

L-Phenylalanine

16. Chlorogenic acid

L-Tyrosine

Methyl 19-methyl-2-oxoformosanan-16-carboxylate

Mitragynine

Nicotinic acid

Oleanolic acid

48. Tolmetin

Oxepanone

Palmitoyl ethanolamide

Pimelic acid

Protocatechuic acid

Pyruvic acid

Quercetin

Quercetin-3B-D-glucoside

Rauwolscine

Rutin

Salicylic acid

Tolmetin

Valine

Yohimbine
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Green Red Maeng
Vein Vein Da

- - diterpenoid alkaloid

indole alkaloid

Green Red Maeng
Vein Vein Da

. In
DT (nsaD)

nonsteroidal anti-inflammatory drug

phenolic
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Biplot (axes F1 and F2: 90.57 %)
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AMNIIgaae Foodomics
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* LATaNNaIAILN / Aastyaanamaatiny (LCMS, NMR,

NGS, MALDI-ToF, Bioinformatics
* anuwnnsnsaasana (Individual variability)

Timeline visan wauiam
* Personalized diet apps @andaya DNA

v/

* mamanlesiu gUt microbiome wazniANiu
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+ Key Takeaways:

* Foodomics = angnmansaiunis + imallalaing + F00D SCIENCE
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* flusangruras Personalized nutrition uaz
Functional foods
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