NIansnAluladniseIms uninetauaey U9 16 adun 1 unsiau - dguiew 2564 10

N135zydnanEalnisdlluanavewaniaeiinensaunsdaemalulaguailulading
Metabolomics as an Emerging Technology for Molecular Authentication of

Organic Food Products

AR LeswgTeeaa > ¥ uay 1A asyain”

Sarn Settachaimongkon

UNANED

nsvwarnuilsuveanguifuilanildlasoaunin
uazAflafamseysndaanadoslutiagiu dealiunli
NIPANATDINANS U “INYRIDUVITE” Yise “Dosuniia”
wulnethwieidleuasdnaglungundndnst “wiilen”
fflyarige Jsdndudedinsimuiisnnaaeunuam
dmsutlostumsuasuududinunsialudionedu
AuAnensdunse wnilulaing (metabolomics) A
N5iATIERteyaaITuaUatanlag s (metabolite
profile) 138 wanlulay (metabolome) FaUSsuiation
anefiuiszaulanana (molecular fingerprint) ¥84sEUY
Fanwitaula TuuvenuUsviniils werh e v
MANNTLUNTITYSIaN vl laanaveanansin
nwRsarNIBUYREMemAluladfng 13 lnenseurqy
winnsd s uresn1snaslusyuunuRTEUNSE N9
Uszendldmalulagwenlulaiindlunsfinyidenianiu
NWATHALD1T (foodomics) MIBAUTIAIBE1UITY
Auandliifiuidvinavesnmandnauuuinunsdunidae
mMswasuulasesdusznauansumueladlundnsoel
\nunILazeIIuUTIURaildanfisuasadad nns
Ainsziasunveladiiaunseld dusauddanm
(biomarker) Ll BLENAILUANA TN NE AT DTN BAS
SuvIduaznansmeiinall T aNanNIENUTEINIS
WauuUasTIaansHana s enMANLAT AR
Tnwunnsvessdnsast Tnedoyaidednilfasduiugm
ddnlumsiamnisanaseuaunuilesyydndnval
TlaNg (food authentication) venaAnsnuainyns
uazo I URdlusuAnsialy

AdARY: nensduv3e wenlulalind dndnualmediluena
918U LALUASND

* Corresponding author. e-mail: sarn.s@chula.ac.th

a, b, x

and Marisa Kongboonkird"

Received: September 9, 2020
Revised: November 16, 2020
Accepted: December 12, 2020

ABSTRACT
Nowadays, the popularity of organic
agricultural and food products has increased towards
healthy food

environmental concemns. At present, organic products

trends in consumption  and
are generally sold for much higher values than
conventional products and are an attractive target for
food fraud malpractices. Therefore, analytical
methods for verifying the quality and authenticity of
organic products are widely in  demand.
Metabolomics is recognized as an effective tool for
investigating the overall metabolite profile or
metabolome of complex biological systems including
food matrices. Current studies attempting to assess
differences in the metabolite profile of organic and
conventional agricultural and food products using
various  high-throughput analytical platforms in
combination with chemometric analysis have been
progressively documented. Therefore, this review
aims to provide an overview of the studies in which
metabolomics approach has been applied for
molecular  authentication and  discrimination
between organic and conventional products. The
organic food metabolome databases should be
further extended and validated in order to apply for
organic food authentication and traceability in the

future.

Keywords: organic agricultural products, metabolomics,

molecular authentication, organic food, chemometrics
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® Microbiota and microbial toxins
® Chemical fertilizers, heavy metals

® Pesticides, herbicides, fungicides,
hormone and antibiotic residuals

* GMO residuals

\ 4

»[ Organic food quality and value I

Biochemical, physicochemical,
nutritional and sensory quality

s == ® | Food contaminants
Farming practices 4
IOrganic agriculturel ‘ Significant influences
on the level of ...
Physiclogical adaptation l
of crops and livestock Biosynthesis of primary and
i .
\\%1%,[ ! secondary metabolites
4 |

1

Metabolomics analysis :
MS- and NMR-based technology

® Polyphenols, carotenoids
® Organic acid profile

¥

Food metabolome

® Fatty acid profile
® Amino acid profile

® Stable isotopes (813C, §1°N})
® Volatile metabolite profile

v

Figure 1 Impacts of organic production on the overall quality of agricultural and food products

and a metabolomics challenge associated with molecular authentication of organic foods.
Information adapted from Mditshwa et al. (2017) [14] and Popa et al. (2019) [10].
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Anngideyaanswnvelanvilnszmeein (non-
volatile metabolite) uazdoyansaluiu nsiasen
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& o 1 A & o aa ac a
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S9N DNTNAVDITLUUNITIANITWSUT ALY
a 6
LUUBUNTY [23]

Table 1 List of representative reports where a metabolomics approach was applied for molecular

authentication of organic agricultural and food commaodities.

Chemical groups or Statistical
Food Analytical Chemometric
metabolites suggested for authentication Reference
commodity . L platform* analysis**
organic authentication performance
Plant-based food

Cabbage Sugars, flavonoids, iberin LC-MS OPLS-DA >80% correct [50]
conjugates, certain classification
unidentified metabolites

Carrot Sedoheptulose, l-arginine, UHPLC-MS OPLS-DA >75% correct [31]
chlorogenic acid, citric acid, classification
sedoheptulose, l-arginine,
chlorogenic acid, citric acid,
fatty acid ester, jasmonate
derivative, glycosylated
terpene

Coffee Fatty acids, p-(1-3)-d-galacto  'H-NMR OPLS-DA >50% correct [34]

pyranose, B-(1-4)-d-manno
pyranose, quinic acid, cyclic

esters

classification
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Chemical groups or Statistical
Food Analytical Chemometric
. metabolites suggested for . authentication Reference
commodity . L platform* analysis**
organic authentication performance
Grape juice Na, Sn, P, K, Sm, Nd ICP-MS SVM, neural >85% [51]
element profile networks, differentiation
decision trees  accuracy
Maize Malic acid, myo-inositol, GC-MS PCA 58% variance [26]
phosphate explained
Orange juice  9,10,13-trihydroxystearic HPLC-HR-MS, HCA, PCA, >60% correct [32]
acid, 9R,10S,18-trihydroxy- HS-SPME-GC-  OPLS-DA classification
stearic acid, phloionolic MS
acid, 4-oxoglutarate
semialdehyde,
dehydroascorbic acid, y-
terpinene, B-myrcene
Plum Aldehyde compounds HS-SPME-GC-  PLS-DA >95% correct [33]
MS classification
Potato Glucose, amylose, alanine, "H-HRMS-NMR PCA, PLS-DA >60% correct [52]
isoleucine, lysine, proline, classification
valine, lysine, y-
aminobutyric acid (GABA)
Rice Histidinol, pinoresinol, UHPLC-Q- HCA, PCA, PLS- >80% correct [29]
coumarin 106 ToF-MS DA, OPLS-DA classification
Strawberry Flavonoid, kaempferol, LC-gqTOF-ESI- PCA, PLS-DA >75% correct [24]
sapogenin MS classification
Tomato Malic acid, asparagine, "H-NMR PCA, PLS-DA, >70% correct [53]
aspartic acid, fructose, LDA classification
glucose, histidine, choline,
threonine, trigonelline,
adenosine monophosphate
Threonine, trilobatin, HPLC-HRAMS  PCA >80% variance [54]
phloridzin, tomatine, explained
phloretin, echinenone
Wheat grains  Myo-inositol, malate, amino ~ GC-MS PCA >50% variance [25]
acids explained
Overall GC-MS based GC-MS PCA, t-SNE, >55% correct [28]
metabolomic profile SVM classification
Flavonoids, secondary plant ~ GC-Q-TOF, PCA >50% variance [55]
metabolites UHPLC-Q-TOF explained
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Chemical groups or Statistical
Food Analytical Chemometric
metabolites suggested for authentication Reference
commodity platform* analysis**
organic authentication performance
Animal-based food
Chicken eggs -3 fatty acids, PUFAs "H-NMR PCA, LDA >90% correct [42]
classification
Honey Succinate, acetate, formiate, "H-NMR PCA, PLS-DA >70% correct [35]
kynurate classification
Meat PUFA n-3, PUFA n-6, MUFAs, GC-FID One-way Significantly [37]
EPA, Vitamin A ANOVA different level
at p<0.05
Stable isotope ratios e IRMS PCS, OPLS-DA  >80% correct [39]
8"N) Na, K, Mg, Ca, Fe, Cu,  ICP-MS classification
Se element profile
Milk and Aldehydes, ketones, SPME-GC-MS PLS-DA >60% correct [56]
mozzarella unsaturated fatty acids, classification
cheese pentanoic acid, decanoic acid,
1-pentanol, 2-ethyl-1-hexanol,
hexanal, ethyl acetate, toluene,
dimethyl sulfide, acetoin, 2-
butanone, nonanoic acid.
Milk and FTIR spectra, NIR spectra, FTIR, NIR, GC-  LDA >60% correct [45]
ripened cheese Fatty acid profile FID, PTR-ToF-MS classification
Pasteurized Acetate, acetoacetate, "H-NMR HCA, PCA >65% variance [49]
liquid milk betaine, isoleucine, lactate, explained
threonine, valerate
Raw milk Fatty acid profile GC-FID, GC- PLS-DA >70% correct [47]
MS classification
Myristic acid, linoleic acid, GC-C-IRMS PCA, PLS-DA, >70% correct [46]
stearic acid, oleic acid, o~ OPLS-DA classification
tocopherol alanine, isoleucine
threonine, serine
Oleic acid, linoleic acid, GC-FID PCA, PLS-DA >80% correct [48]
linolenic acid, MUFAs, PUFAs classification
1,6-anhydro-B-D-glucose, GC-FID, 'H- HCA, PCA, PLS- >60% correct [23]
betaine, N-acetyl amino acid, NMR DA classification

histidine, acetoacetate,
formate, 4-pyridoxate, acetyl

camitine, N-acetyl glutamate,

hippurate, arachidic acid, stearic

acid, linolenic acid, conjugated

linoleic acid
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Chemical groups or . . Statistical
Food . Analytical Chemometric L
. metabolites suggested for . authentication Reference
commodity . L platform* analysis**
organic authentication performance
Salmon and  Linoleic acid, myristic acid, HPLC, GC-FID, PCA >50% variance [41]
Trout fish oleic acid, gondoic acid, IRMS explained

stable isotope ratios (8N,
non-lipid §"°C)

Sausages 2-butanol, acetic acid, 2- SPME-GC-MS ~ One-way Significantly [38]
(pork) butanone, ethanol, acetone, ANOVA different level
3-hydroxy-2-butanone, 2- at p<0.05
pentyl-furan, pentanal,
PUFAs
Shrimp a-linolenic acid, HPLC, GC-FID, PLS-DA >85% correct [40]
docosapentaenoic acid, IRMS classification

pentadecanoic acid,
heptadecanoic acid,
monounsaturated gondoic
acid, stable isotope ratios
(815N, 8130

* FTIR: Fourier-transform infrared spectroscopy

GC-C-IRMS: gas chromatography—combustion—-isotope ratio coupled with mass spectrometer

GC-FID: Gas chromatography coupled with flame ionization detector

GC-MS: Gas chromatography coupled with mass spectrometry

GC-Q-TOF-MS: Gas chromatography coupled with quadrupole-time-of-flight-mass spectrometer

'H-HRMS-NMR: Proton high resolution magic angle spinning-NMR

'H-NMR: Proton nuclear magnetic resonance spectroscopy

HPLC-HR-MS: High performance liquid chromatography coupled with high resolution mass spectrometry

HPLC-HRAMS: High performance liquid chromatography coupled with high resolution accurate mass spectrometry

HS-SPME-GC-MS: Headspace solid phase micro—-extraction gas chromatography coupled with mass spectrometry

ICP-MS: Inductively coupled plasma mass spectrometry

IRMS: Isotope ratio mass spectrometry

LC-gqTOF-ESI-MS: Liquid chromatography connected with negative electrospray ionization in quadrupole-time-of-flight-mass
spectrometer

NIR: Near-infrared spectrometry

PTR-ToF-MS: Proton-transfer-reaction time-of-flight mass spectrometry

UHPLC-MS: Ultra high performance liquid chromatography coupled with mass spectrometry

UHPLC-Q-ToF-MS: Ultra high performance liquid chromatography coupled with quadrupole-time-of-flight-mass spectrometer
** HCA: hierarchical cluster analysis

LDA: linear discriminant analysis

OPLS-DA: Orthogonal projections to latent structures discriminant analysis

PCA: Principal component analysis

PLS-DA: Partial least squares discriminant analysis

t-SNE: T-distribution stochastic neighbor embedding

SVM: Support vector machine
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Further application of a

predictive model for
molecular authentication

of organic milk | o
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Figure 2 Metabolomics workflow applied in the molecular authentication of organic bovine milk in
the study of Kongboonkird (2019) comprising of sample collection and preparation (a), collection
of data on organic farming practices (b), gross chemical composition analysis (c), metabolomics
analysis (d), data acquisition, pretreatment and processing (e), data reduction, metabolite fingerprint
authentication and biomarker identification (f) and further validation and extension of database (g)
[23].
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Wynunsdunsdaewmalulagunilulading
mMsUszgnaldmaluladianluladndiiio
AATILVONINWAINTILUANAVDIHENTUTN YA
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Ivinisedadelieslutimaissuiiiunn lne
walulagainaidited fie @a1u15aTATIzvveya
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profiling) AldfaunsafnniunisiUasunlaswes
foyasana1n sufunaduilosannszuiunisnae
wuudun3s Taedslsifiesdnnuivieanyigu (o
priori hypothesis) 11032 UIUNIINAAFINA1IY
danaron1sidsuntasvesarsngulaluszuy
015ty [3] dnsunde Susifivemsiindadae
JEUUNEATaUN3E d5eaudndadelunseuiums
HAn lagtaniznisasiiunisiddeniivazansiadl
AIUANLNAIARIHY HBnSnaedralldedAnyse
aunavosTrUVAIndey nglannziinaing1ves
Punazuvasiluuinuaniuiingdgn Seinthly
AansuusmsiuaiTinevesiinilonouaues
Giammm‘%ﬂmhm (adaptive stress response) ‘1‘71'
AATUINTEUUNISHAALUUINYATEUNTE LT
USinaansermsiaeudredifalufu nnsgnsu
VRILIALALULUAIANTNY N1TABUALDIVRINYFID
AN1IEAINNATEAMINGTY UBNTNalansase
sULUUNTEUILNNSALATIEassnueladiayin
Ugupiluagienil lnewngansusenau polyphenol
Fadunandnain3d pentose phosphate, shikimate
waz phenylpropanoid wausdadnluny [10, 14]
msAsuLUasUSinumsuaue ladfenandana
lngaseioauUiniall AuAmIalAYUINIg LAY
AMNINAUUTEA AUl avesHan Al [14, 24]
Feifuanuidefivandiifuinissansnmaeanns
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Twiudnausaussgnaldnisinsnzinisadaonmg
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Surdduarulasuidluluszezina 2 U [29] Tng
ansnsausndoyaasiumueladlusednednis 2
nau pandniulegrednausemailn UHPLC-Q-
TOF-MS siumsTinTeiymaaliuwsng aneyIde
aodasnsoliURinaudivssiangaen histidinol,
pinoresinol ey coumarin 106 Lﬁuﬁuﬁqsﬁ%amw
dwiuseteimildnnulamnssuuinunsdunis
¢ TovaAuseiiufadansavaivesansumvelad
Fana11Aeadeaiuda histidine biosynthesis,
lignan biosynthesis LLa ¢ phenylpropanocid metabolism
Fadunalnnisnevauemieadsinevesiivse
rsasen tnelanizTadeaunlnugauauysaives
5ImesuarNIInTIuaInlsALazuLas Inulsge
nilunUasunssuununsdunsd [29] wazidiielile
foyaidsdnuindu Xiao et al. (2019) Uszgndld
wmalulaglusaledind (proteomics) lun1sfinwd
FTAUNITUANIDDNUDILUIAY (up/down-regulated
proteins) BeumumdRalunsmunsitiumueddy
(metabolic regulation) waznalnn15MeUEUDIVY
U126 9AN1ITANULATIALULUAIUNNBATIUNT D
isisdae [30]
191891UBME NN TNARTUTTUULNYAS
duvsddotoyauuuinun1edluanaveindnsiue
naudnuaznald (Table 1) A1881919u Cubero-
Leon et al. (2018) FiAseiUIouLigutayaans
waveladluwasen (Daucus carota L.) angiug
Nerac wag Namur findnannalisuduniduaznsy
Walulaeldimafia non-targeted LC-MS 8
Aamunsidasuutasesteyammiulaslusiiodis
LmsawﬁwémmmWﬁuﬂ%amgULwU sgwalondy
seeziaan 4 U [31] Inganzgidenuitainsald
A uvosU3una sedoheptulose, l-arginine,
chlorogenic acid, citric acid LLazmsLumualaﬂumjm
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wa glycosylated terpene Lﬁaizqmﬂmwmﬁhﬁsmw
uAsoNduNIduas unseniialule Tnoanzide
aAUTEIMaUABuaeENIR anailA M dLTLS
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\NuRsUNSIlumngnalian Karlund et al. (2015)
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wess (Fragaria x ananassa Duch) 37U 3 maﬁuﬁ:
ﬁﬂqﬂ‘LuWﬁumwm@uw‘%&?LLazWﬁuﬁ"ﬂﬂéﬁEmeﬁﬂ
LC-qTOF-ESI-MS 521AUN15U 52U UAIIULANATY
AUAMAINNIIUTEANFUNATENINAIBE19EnTe
wosine 2 ngu [24] Tnsnani1sifenuinaany
wANFesER AT LanEnasdenuRuLUTYeY
foyaasiumvelad Tuanseiuesiuinnindviua
Y9952UUN1TIAN5HNSY BegelsAny USunues
arsunnualadlungy flavonoid, kaempferol
way sapogenin fuwaliiufingadulunguinesig
dnsoLuasInlamninsunensduse Fanssuiums
Fuaseianswmnusladivant Wunauannalnnis
HOUAUDIRBAINAS EATBINYUSEUUNSNARAING T
uanmmﬁ;amwﬁ%’mwammfﬁaaaz 79 U99d1S
warveladiingaadiasizilafinnuduiussu
ammwmwizmmﬁ’mﬁaé’mﬂéusamaqamawa%
I%La‘wwmﬂumj:u flavonoid, tannin, sucrose,
organic acid wag fatty acid @euslanannsaiud
IFaenuuanassanadisldnaageusulseniu
NaR s [24]
wenwilonnMsAinwluingAunensinens
wa? 5eunansliiuingninaveanisuanty
FEUUINBATBUNISfadoyanuuuN UM luans
YIRS FIAIAINULANAITIUNER AT TN
N32UIUNTWUTIUAIEAIINTOULAZAINNITINTIA
Aasrgnlaulneany (Table 1) Inelumiogn9
wAnSusiinalsifiunssuIumslieufougslu
SpvnAAYU Cuevas et al. (2017) SssiiUundion
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Toyadarsiunivalanniviinseinesnn (non-

olatile) wagszmedne (volatile) lunanfausiinda
Sunsdwaaeilsduazindumiaaeslsdninisn
7l Tneldmefia HPLC-HR-MS wazineilm headspace
SPME-GC-MS [32] Tngpnuzgidenuinansiuniuelad
ylipszmeenlungy amino acid, peptide, fatty
aC|d organic acid ka ¢ flavonoid fUSuaiiy
awuammuaamw (p<O 05) Tunandausiindy
wuudunidiileisusuindunisnisaily Tag
aunsalgUS U NdURN NS 9,10,13-trihydroxy
stearic acid, 9R,10S,18-trihydroxy-stearic acid,
phloionolic acid, 4-oxoglutarate semialdehyde,
dehydroascorbic acid Hughusddanmaesindy
wuudunsgla Lﬁaﬁmimﬁagamimmuda(ﬁsuﬁm
seinedny AugzItenuIUTuInvesansusEnau
ndu aldehyde way ester insranuludiogis
AR SuaiNdusTs 2 ¥dn fauuaneneiusgidl
Todfny (p<0.05) FedonmAdaaruseeunaunt
[11, 33] T,ﬂ8a1u15a15ﬁﬂ%mwmﬁuﬁwﬁ‘ﬁqqmfwsuaa V-
terpinene tay p-myrcene Jusausidaninaes
dhduuuudunid uazfanuinUSunaduindues
hexanal, 3-hexenal, 6-methyl-5-octen-3-one,
limonene tag ethyl butanoate Tugegaundy
‘vmﬂ’]iﬁ'}ﬁ"’ﬂﬂﬁﬁhqm’iﬂuﬁaaﬂwﬂﬁﬁé’MLLUU
BUNTING 0.5-1.0 Wi [32] dnsuseg1an1sAne
BVENAVINITHAALUULNUATBUNTTLUNER Suad]
Hruniswlsguseauiouguduszeziiaiuiy
Consonni et al. (2018) LU gUNBUAIIULANG19UD
foyaesiumueladluwdanuniameiugensim
(Coffea arabica) wuudunsduasuuuinlulaeld
wasla 'H-NMR spectroscopy [34] lngangyide
‘wmfﬂmmﬁaiﬁﬁﬁhmuﬁuqqﬁﬁwaw%mm fatty
acids, B«1-3)-d-galactopyranose, B-(1-4)-d-manno
pyranose, quinic acid iag cyclic ester UBINTARINGT
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caffeoyl/feruloyl-quinic acid isomers, caffeine
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Yos I sE TS nadndine s uLas i
PNt dalnemswemsasuaeeusyney
LLazﬂ‘%mmsuaﬂmmisuﬁuimal,awwzﬂeju polyunsaturated
fatty acid (PUFA) e conjugated linoleic acid (CLA)
Tundndaniedns wu uazly [9, 10] (Table 1) uas
ﬁswm’mmiLﬁuqﬂﬁumaqﬂ%mmmimmuaiaﬁsuﬁm
suwedne (volatile metabolite) Tungu terpene uaz
aldehyde #flundsfinnainiivermsdnsluduy
LagHAn AT UNDUN3S [9] agralsinu Hawide
desunsduvinuiiwandiiud s venavesnisnan
WUUINYRSBTE S emIUAsuuatesrlsenauuas
USinawasnineziilunazlusiulundndugivednd
Bunad [10]

115 UA10819N15ANYIONS N BN 197
Tuanaveswdnduridodn ifndalussuuinuns
Bun3¢ (Table 1) Tomazin et al. (2019) 3tas18%
mqmmnsmsuaﬁazﬂammimﬁuluLﬁfaé’uuaﬂﬁau
%a9 (longissimus lumborum) waglafuuddiu
&4 (backfat) vesgnsfiasslunfuladnBunis
wazrsuily Tneldmadia GC/FID [37] Fanudn
deduuenvosgnidunisiviuunsalutungs
MUFAs laeianng stearic acid (C18:0) wag oleic
acids (C18:1) Q\iﬂ’i’uﬁ/’e}ﬁuuaﬂﬁl’mfmiﬁL?:EJQELU
WnSuviluegneiiduddny (0<0.05) uarwuinludiu
wisdrunasvegnsdunIdiusununsaludungy
PUFA n-3 ag PUFA n-6 Taetanie linoleic acid
(C18:2n-6), linolenic acid (C18:3n:3), arachidonic
acid (C20:4n-6), EPA (C20:5n-3) acids LLag vitamin
A ganilasuudsnngnsideduriuialueged
Wod1Aey (p<0.05) TnvAuzdIdeailsieding
azanveensaluiungy PUFAs thagifgadaaiy
91154M 7 Laglan1gn1slasu dietary lysine wag
a1 alfalfa Usgnouiugnslaeeninaeseningg
Uaeglrminudaszniouenlsauieu (green feed)
Tussuunisnanuadnidunsd [37] eg1alsniy
anzfAfenvindetiieansdunisluutszuidy
HARA MY LENTONNINLUUWIAS (dry-fermented
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sausage) USnaunsalusiungy PUFAs figadanalsr
nanAuaAansuliuiuanufizeeendinduses
lustuldireninlénsenniidongialy Fsdndudes
fnsiausdniausiileyfuusnmansely [38]
wandaNTeyanialudundl Zhao et al. (2020)
aunsabimsiesisideyalelglniiaiios (stable
isotope) vasAsuau (8°C) Tulnsiau (G°N) sandiau
(5'%0) wazlalasiau (5°H) sewmaia isotope ratio
mass spectrometry (IRMS) 931 fUN153ATIEE9)
p9AUsENOU lAlA Na, K, Mg, Ca, Fe, Cu uag Se fg
wiAllA inductively coupled plasma mass spectrometry
(ICP-MS) WiloszySadnwaivenieansdunisly
pe9lUTEANT AW [39]
wANANAILLANAYRITBYaNIA by
NAnfuaidedniuds fnenuvinaveanisnaniu
sruunyasauvsddeveyansaludulundnduanan
Fnitdneuiy (Table 1) fegagu Ostermeyer
et al. 2014) AiswiilSeuiiguteyansaluduluns
nanen (Penaeus monodon) LLasfjﬂ“m’J (Litopenaeus
vannamel) Awmziaoslunisusuuduniduay
Wsuuvunalulaeldinadia GC-FID $aufunis
AnTIwva1sUsEnounguualsiuesnnemaile
HPLC uaznisiwasizvideyalelalniiaiusves
A15UaU (°C) wazlulasiau 3°N) Tudaruledu
wavveaundeilinulutuiiadaldaindiegiade
MIUAIU Agnalla IRMS [40] AgEITenUudn
ausaldusunuduimsvesnsalusiu a-linolenic
acid (C18:3n3), docosapentaenoic acid (C22:5n3),
pentadecanoic acid (C15:0) heptadecanoic acid
(17:0) wa¥ monounsaturated gondoic acid (C20:1n9)
HufvadFanmiitowsnainuuansneszning
fegnafaiildannisnizidsdun fuuuduns
wazuuuldle TnsnuziidveAusioindunaun
MnAMLLANveIsinauardndiuvaninuity
fLiussdusznovlueimisds Haildoya 8 Nooy
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sufutoyansaluuiielinisszysndnvaives
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fhegrefsdunisiaugniesdmaunindedu [40]
FaroutaenndasiunauIsass Molkentin et
al. (2015) ANUIIEILITORENADILLANAIITTNIN
Uaugaueu (Salmo salar) wagUansd (Salmo
trutta) Tnzdodurh funuudunduasdunuy
UL freusunaduivnsvesnsalusiu linoleic
acid (C18:2n6), myristic acid (C14:0), oleic acid
(C18:1n9) wag gondoic acid (C20:1n9) suUNIT
n5IdAs1edeyalalelniiadiosves 3N uag
non-lipid 8°C lugauvasudefilisalusiuanie
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INNTALAUVDIUNAINAD USRIl USTUUNI 9L
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Msfiudnaruresemse I ULaLivanly
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AunUsvasteyansaludulundnduniainuadnily
naltuaztiunBunIgie fogagu Ackermann
et al. (2019) AnwuUsvuiiisudoyansaludiuluy
druldunsaassnogreldlnaanianisdiilaain
WfuUadn iBuniduazrsuinly Tngldnaia 'H-
NMR spectroscopy [42] apdgEITenuinanunsalby
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Assnuuudesililaldsulusfuainnisiuuuag
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et al. (2020) WUTULNEUAIIULANAIIVDITY A
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L‘IJ?iIEIULL‘UaQLﬁaﬁﬂuuﬁﬂﬂﬁ’ngﬂﬁﬁﬂLLUiE‘UL‘ﬁJuLuEJ
i3 (cheese) uazrrun1susluszeziian 60 Tu
lagnsysannIsmaiamaniitiaseivale sUkuy
oA NIR spectroscopy, FTIR spectroscopy, GC LLag
PTR-ToF-MS saufutitelflddoyanseunqu
sfUsznoUTImuAlusZUUDIMS uazUTauioy
UsgAnnwlunisssydndnuaiveatuuuasiue
wisBunidanmaiianisaidnsiziuaasUszan
Aldanmsiesginaalunsing [45] nan13de
wandlifiudn doyauuuunumisdlinanavoniiua
AuduniduazihuuAvihlufinuuansistuoeis
Aoudnstnlay o819lsinIuAULANEIIRINE 1S
wunltivanaslundadasiusudeiiiunisis Tag
Azfideiaueuuzinamnsalddoyansalusuiite
svydndnuainedalaanaseninaihuufudunss
wagtuuAuiall Gsaenadesiunanisidoden
winiissauauduiusseninadninavesoms
dnilusruumandnUadniduniddonisidsu
wasdoyansalosfuludiu [46-98] Fafunan
mﬂmia'qr;jmmié’qﬂé'}’;mﬂﬁﬂjmmiﬁmiéﬁfﬂum
lAgnTe PIUAUAINTTUNMAUAUDATUVDIAUNTE
Tunsziwgndn (ruminal biohydrogenation) wag
wanueAdunsduamesilutulule [47, 48] visdl
auziAdelvideRniuiiufuindeyaasiumuslas
wilnszivedns (volatile metabolite profile) Faintu
\losannAanssuvesoulusiuazunuedduyes
AWYIGlUTEMINNIFUIUNSUY WRslin ey
dwsuldiaunduisinseiiiiesyyanuunneiig
seniaueudsiindnainiugfudunisuaziu
Ay (45]
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dmsuluuseindlng Kongboonkird et al.
(2018) AAsiznilSauiiisudeyaaisiuntualad
FENINHNAANUNUNBUNTINAL285 bS8 Uaguu
W90 L5dMlUN19N19ATIUIY 10 ATIEUAT
agmAlla 'H-NMR spectroscopy [49] lnenagRide
41113058 YANUUANANNYBITBYRASIUAUD LA
sewinadaegeis 2 ngu Ifededalauainnis
AATIEARILATANNAILYT wagtauednaluisald
USUaudUNnSUe9 acetate, acetoacetate, betaine,
lactate, threonine, isoleucine Wag valerate v
FruRmetinmuemandasiuldunidwameslsd
19 [49] uaﬂmm‘fﬂmzQﬁ%’avlﬁsummaumiwmJaa
nsAnulugnisudaiissdudui TasAnwiaa
uwanssestayaansiumueladuaztoyansaludiu
Tuhusfvanrhsalaunildsunsusesnasgu
Uadn Buridannsudades TneiSeudisufuiu
Auitlganvsulauninluluwaudidefu (o.
winwan 1.a5zy3) aeldanusiudeduiieive
ez asslauy sadnsdaasuianislauy
wisUszwnalng (ean.) (Figure 2) [23] #an15398
wansliiuIndnsnavsesn1sdnnisrsulauuwuy
Bun3d laulan1zd@iudsenauuedaInIsand n1s
Jan1sauanzuaraadnindnd dsvinadedoya
wanlulauvesiuuegiadmau Tngaiuisald
USunauduninsvesasiumueladasiia 1,6-anhydro-
B-D-slucose, betaine, N-acetyl amino acid, histidine,
acetoacetate, formate, 4-pyridoxate, acetylcarnitine,
N-acetylglutamate, hippurate waznsalusiulaeianz
Iuﬂﬁjm arachidic acid (C20:0), stearic acid (C18:0),
linolenic acid (C18:3n3) kay octadecadinenoic
acid (T9, T11) ¥5® conjugated linoleic acid (CLA)
Hususddinmiteusnanuuansnasewinsiu
fudilganvsulausdunsduasnasulauuiilule
(Figure 3) [23] mimaawuﬂ%mmﬁLﬁmgq%u%aq
nsnlusfumaniasdsnafenmamislaruinig
%aﬁmmLLazmémﬁmsﬁuuﬁlﬁmﬂmiLqugiJffmu
5un3d aeelsfnny UATeHTinsdesTauIde
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sonlnon1svetsguteyaLazAnmum e
vomamIToild Gennzifeniauduegebeinag
Juvsglovdlunisduaiuninidsalauuuas
gnamnssunluUszinaegedsdusiely

unasy

nszuateuni1siuuIusianndndue
“Ununsdun3e” vie “eeduniin” Teannguiild
Tasieguanuaziinszmiinietaymsudaindes
Tulagtu dawalvikuildunisnatnuazyarives
AUANNEATLAZBINITBUNTERTNIINISLAULA
diuduedsdeiiios tieadrenrnutulaliug
AARAAIMNTTNDIMISHAHUILAA UnInemans
Famggruduaiimismsiomungan dnduld
Ansiifioduduanuzanudy “inunsduvid”
Tudumeunisauauaun wvesmanfagidngn
nsuszgndldimaluladiumlvlafindidudnnils
madendildsunuaulafusgiann Tasanansa
Ansendeyaasiumuataduuulddunig vinlv
d111305uINdeyaasunvaladlagsIu n3e
wanlulay dudSeuiaiiouarsfivviszduluana
vosszvUfegty uandloiunisUssaanade
walemaeleRngaraninseiineiseydnanal
337 lu1anaveNARAeIN YATILAL M TTHER
Tngldszuuinunsdunidls egralsiniu doyad
dnauslusuidednnnduanddiiuiadedaie
MangUI¥NTs LaenngBvsnasiannn () dnvasane
N19QilFansvasLaandn (i) AuAuLUTYes
anmpfienniauazduindeslunsiazdrsggnia/dl
(i) AuvaInvansvesaneiugivwazUadnd (v)
AIUBANAIIYBITEUUNMTIAN TN TN YATBUNTE
) g‘iJLLmeiLﬁULﬁmmawam (Vi) AszuIunTHUTgy
(vid) M3dnnssErinenIsvudaLarnAuinw 49
fudsmasdonisiuasuulasvesedusznaunie
Fuaillundngdouet nsimunnalulaguailulaind
Tannsaldiduisneaevmasglidu Sududes
finszurunisailuasiaungiudeyawunilulay
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Figure 3 Partial least squares discriminant analysis (PLS-DA) score plots and VIP scores of potential

biomarkers accountable for the discrimination of non-volatile polar metabolite profiles (a) and fatty

acid profiles (b) of raw milk collected from organic (@) and conventional (@) dairy farms in the
study of Kongboonkird (2019) [23].
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