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Application of Metabolomics Technology for Investigation of Biomolecular Profile
of Milk and Dairy Products
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PONUINBUBNLYAE (extracellular) Fadunandnain
F8n1UeaTY (metabolic pathway) HieliAnAx
wWlakuuesAT (holistic approach) UedsEUUTINN
tfuq Tnedunmnannsuanseenyaiugnssus iy

sUSUMINDRBUAURIRDEN1IEEINA BN [9] Tutad

Sudu welladwalulafindldsunswanniu e
Ul lunudTeawinemansnsunneg Wy n1s
Aaszifiomanuduiusseninaunilulanye
VoUnaIF1n W (biological fluid) iU 1aen Jaa1y
thane asdands Aldnguiefudnuasmane
Ineniiiendes [91 Tutlagtiu msUszgndldinelulad
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Figure 1 The “omics” cascade depicting an integrated comprehensive approach combining

genomics, transcriptomics, proteomics and metabolomics. The flow of information starting from

gene to phenotype. Information adapted from Xu et al. (2014) [43].
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chromatography/mass spectrometry: LC/MS) [14,
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(high-throughput data) TugUuuuveaumlulas v3e
metabolite fingerprint [16] Faosorfumsuszaiana
drewmadaniaaluunsnd [4, 7] diodasizin
JUBUUANUANTUS WaRLUS U BUAILLANA 97D
Toyausmlulausewitinguiiegne deTBmalesen
NNEDAANEAMUT 1L MTIATIERDIAUTENaUNAN
(principal component analysis: PCA) #39n153LA51E%
wuudANngu (cluster analysis) [17] (Figure 2) Yaqdula
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ASPUIUNTUANUEATUveEiT T aszuuTanm
meldimavasuaduanmelnaneils wazannse
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(predictive modeling) U993 DLUAIUDATY LazANT
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Figure 2 General workflow of the metabolomic-based analytical approach in the study of
Settachaimongkon et al. (2014a, 2014b, 2015, 2016) [44-47].
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28NNENITININVDIATOIMNS SIaTERUNIS
Vuideuresansiivuazaudaonfevosemig [19]
wonanil Namﬂmigimmﬁa%aﬁiéf ganaliiia
Aransuvudeslunguineimiansledind 1y
NNSANYINAVRIAITOIMNTADNISTUANIDDNUBIT LAY
Ftumuedduvesead Sendn lnyuiugaans
(Nutrigenomics: nutrient + gene + omics) [20]
Tagtaniznisuinaluladuanlulaindunld@nw
9IAUTENOUNNTUATVBITNYAUNNNITNYATIAE
9915 (food metabolomics) WWITNTIATILAUUU
&R Lﬁ@lﬁﬁ@mmvﬁﬂaﬁﬁauﬁLmﬂdamm
TogRvuasnindnionns AADATININTITAAMIA
m'utmﬁlaulwawaq%’ayjaLLUULqumq%ﬂmaqa
AanaluseiansEuIunIREn Nsuwlsgy MsiAy
Snw [5,21] lagda1u15091uUnUITeny
Snqusvasduazmsiteyalulszyndldldidu () e

[ Animals ]
[ Plants ]
[ Microorganisms ]

[ Chemical contamination ] >

[ Food metabolome ]

[ Processing / Storage ] ’

S8UdNanuyalveIe1n1s (food authentication)
Futusfuinaiidoniagiaiansvosundendn
(geographic identity) WAL ATIVADULNAITIU1 VDS
d1unay (traceability) [6, 22] (i) WioRnAIuNaUD
nsrUIUNIswUTIY W Mstinnuiou nsvinune
msvin MsUs3y Maiusnu Aemawdsuudaes
Yoyaumnlulay Feduiusunuamdasunmsuas
AaAwNsUsTamAndavese1ws [1, 51 Gi) ile
n3deuUNTUaeNU (adulteration) uazmstuitioy
(contamination) Y84A1TH¥ANAINIINITINYAT
gosluu ansnegiiui Wyvsedninnuuaiiugnysy
Ti3aUuemis wazgdunidnalsa (foodborne
pathogen) lue1s dufinasgsBariennuvasnse
vosgfuslan [10, 14] waz (v) Wleszymansfiannsa
T Gusudmedanin (biomarker) duusiuaua
éfmmiaaﬂqwémﬁ%amw (bicactive property) Hag
1vuinUnuesems (therapeutic property) [10, 23]
(Figure 3) I@ﬂ;}'ﬁimmamaﬁﬂwﬁagaLﬁmamﬁmﬁ’u
nsUszendldmalulagiusluladndlunuideniu
\nuMTuaze1s Inienansnsdeamuiiseylily
oy

} ( Processing: formulation, thermal process, drving)

} ( Storage: refrigeration, packaging, transportation )

} ( Functionality: positive health promoting effects )

> (Safetv: allergy, contamination, fraud, adulteration)

} ( Nutrition: dietary, anti-aging, bioactive effects )

} (Authentication: traceability, geographical identitv)

Figure 3. Sources of metabolites constituting in food products and information obtained through a

metabolomics-based analytical approach. Information adapted from Trimigno et al. (2015) [12] and

Johanningsmeier et al. (2016) [21].
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Qmmwmaaﬁmuauﬁ?ummﬁaﬂmimlé’
PMNFUTRNINIBAIN 89AUTENBUNNT AT WAy
audnuueneqAunisvoniuy Tnsasdusznay
Fanaazdudatinuasand qudSuduald
Useiiuiie¥udetuufuannineasns [24] win
fsanamzesrUssnoumednall tundady
P0UNAITINMN (biological fluid) Aifiasduszney
Aoudsdutiou Ustneudneih Geves 87.1) Tusau
ovay 33) lusundesuue Gewas 4.0) 1aa
wanlaa (Seuag 4.6) 43510 Seear (0.7) NIA
Buv3duavansusznoudunisdug Gewvay 0.3)
[24] wazU3inaesdUssneundnvaniiuulslng

e

Juegiudadenareusens wWu agiug oy
seeemIlviug guaTizvauila gana ewnsded
waz3sUjuRlunisdanisisulauy [25] &9
runmvivesvalulagunlulaiindlutagdu
TogelanunsnIAs LRI UNESUA1UD AR 7l
Wussrsenavdeslutiiuy isstanszimedne
(volatile) wazutaNszinesn (non-volatile) e
1177731 200 ¥R [26-28] InerinwazUSunaed
arsimveladmaliiuudstuegiutadesineg
o a | vy O v N W = v
AINNANINILAIVUAULYUNY [29-33] 9LHIN1Y
o I3 Ao A ~ 2 v 2
LﬂuamﬂszﬂawuagiuﬂsmmmmLaﬂ‘uaﬂ LA
a o & A o e ~ |
Faudndunazdeedney ws1ziinalaensise
29AUTENBUNINT AT LATANNINNIUTEAIN
FplAvDUNULLAZNARN A DU U

Lu kagAnde (2015) ANwINav9ANULUT
AUVNaUgNITY (genetic variation) Tugu DGAT1
Feavininarvaunisasiseulednlyly
nsEUIUNSFUATIERLasNaLeelsa (triglyceride)
Mnlandiwelsa wag aglcoenzyme A fiawiln Uay
USunaansmualas i uufu Aaemane tH-
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va o

NMR Tnganizg3denudn uuuauilaainula

DGAT1 %ila KK-genotype 9%

salaa

Tuglaad lniinie
1UT118U stomatin, sphingomyelin, choline tag
camitine ganirrundvildanualedidsy
AaINaBURN AA-genotype WsiaziiUsina citrate,
creatine, phosphocreatine, mannose-like sugar,
glycerol-phosphocholine, acetyl sugar phosphate,
uridine diphosphate (UDP)-related sugar lag
orotic acid A FerauzgidpeRusein iheedl
'mmammﬂmwmmnmqmm%’u stomatin-
sphingomyelin lipid 7lAssa1sveswadidoyRn
yoareNtuY (mammary epithelial cell) TuLl
TafifidnuwaedlulndvesBu DGATI wans1afy
[29]

Yang wazAne (2016) AnwnUTauiieu
foyawnlulauvoniusAuildnndniifendos
(ruminants) Anastiauazaeius lown lanug
laadlau 1anugiaesd Ay 9103 wasune uas
druniuiildandaliinendes (hon-ruminants)
loun 91 wargg sremalln LO/MS wag 'H-NMR
lagauzIdunudn UTunves choline, capric
acid, succinic acid Lhag citrate anu150t L duda
Uadnsdanin e duuntuuiildainiaiug
Teadlatl sonaniuuiildainlaugiaosd uas
Fosvinsulunuiseile snviaUsinames valine,
capric acid, succinic acid, carnitine, 3<(uracil-1-
yO-L-alanine uay uridine annsaldidugausdns
Fanm lesuunaruuansessrinei e ildan
Teugloadlntiuartuadildnnune eosdideds
WU USuawes leucine, valine way pyruvate Tu
sdldnleiugleadlaidasininiuadls
IndRfiRensewinsy anNanTIATILAIE
WATUDAT Y (metabolic pathway analysis) 67 ¢
LUsunsd MetaboAnalyst 3.0 AugEIFeaAUTY
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37 leucine uaz isoleucine Wuasiumusland
Juiyadnnsiinimsenssuiunisdaasisn
Tusfuluwadidoyfinvesdemiuy deaenndas
funansieseiusinalusiuluinaildannta
stugleadlod Afiaraninduaildanlaiug
9058 A 9133 uazue wenanil AneiTed
wudaunnarswesUSinaEswmueladifieade
Funsdaasizinsalusiulaidusa (Unsaturated
fatty acid) sgvinstinunitldannleaiugleadla
wariuudilgandasliiienies nanie na
NUUIUIUD alpha-linolenic acid wag linoleic
acid Tuizﬁuﬁau%’wqﬂuﬁmmﬁlﬁmﬂﬁﬂ way
M329NUUTUIUUBY oleic adid, clupanodonic
acid, alpha-linolenic acid tag linoleic acid Tu
sefuAuiagdluiuildangg feenzdide
afumed Urasluneunanianssuesqaunse
U524818u (microbiota) Tussuunsziniznidn
(rumen) @sflanuuansrefusywinednsineas e
wavdmslsiiRendes [32]

Antunes-Fernandes hagAtuy (2016)
AnwANUFUNUSV093dn1M1TUeU lauA W
DIMTUNN INUET (grass silage) U1alwa (comn
silage) wazvawmaLinNfivsae s sy
Tugnsownsnaludadiu (@wnmenu Sevay 80:
M5V Seway 20) Aeanwarn1sUanawiaiiviy
(methane emission) vesuslawuglaadlny uay
AauLUsvesUSInaE s laduiniszine
$neuarszmpenluiuuRu demeda GO/MS
war "H-NMR muddu lneaugdidenudn @13
wanueladuiinszimvede Taun 1-heptanol-decanol,
3-nonanone, ethanol tetrahydrofuran JAaMENRUS
(correlation) lIUINFIOAYTIIUL (intensity) VosUTa6u
whatlviiuilelseveenin duansumusladein

seLEenn WA acetoacetate, creatining, ethanol,
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formate, methylmalonate g N-acetylsugar A HAN
AU USITIUIN LA uridine diphosphate (UDP)-
hexose B Wag citrate HANGNFUNUSITIAU 7D
mdwesiinauniaivuiiulaUassesnin lne
AnUzEITLeAUTEI UDP-hexose B 1uansiistiuns
(intermediate) W3R wnUeaTuvasi i aLaRlng
waz citrate \Jua198sdunsluiginsiasud
(Krebs cycle) Faudunszurunisadrandenu
Tifuwad dufle Amanduiudifauresusuna
answanvsladiaesein anunsalfidusaved
mwamwmmiamawaqamwLumuaaszm
(metabolic activity) voaadluseniuy uenani
§ilvnansznusaiiosiuliunalutusaslusiud
asra¥alaludus (per unit of fat- and protein-
corrected milk: FPCM) Aagiauiu [30]

Tian wagAtle (2016) ANYINAVD
auaIeaiiesninanudou (heat stress) luwile
wugleadlnd derudunusvesviln uasUsunu
ansiwmusladluthusiu remada LOMS was
'H-NMR Immmz;ﬁ‘ii’f&wummﬂ?{auLLiJmaeJNﬁ
Hodarostsinamsunusladluuds 53
iin Tuwilafidanzanueioniiomnaudou
Toeansumuslansana Netoriudwmueady
vosrslulawse nsmeviilu Tasiu uasiliansursiin
darmzinulpeiansmenAuiglussuunssme
ninvala MNNSUSEEUNAMTIAT AN ED A
yaeR wUs SanumTIengilsinaEsweuelasn
Tudeavoanila Aazgideiuein mawdsuulas
Y2UT U0 lactate, pyruvate, creatine, acetone, R-
hydroxybutyrate, trimethylamine, oleic acid,
linoleic acid, lysophosphatidylcholine 16:0 Ly
phosphatidylcholine 42:2 Tutiy annsaldidu
U dmaianmsennzaeIeniseina
Souluullala [31]

LAy inAlulagneeIms AneINemans IANIUNNTINEINY NTENNLUNIUAT
2 gudinemmanslolinduasdiansaung AnEINeIMans PANIAMNINGISY NJUVNIMIUAT



M5asnAlUladn1e1s YnIneaeaey U7 12 atu?l 1 4n51A% — SWIAN 2560 8

Sundekilde wazmaeuy (2013) AnwIAIY
FuWusveIUTUILwaalau1An (somatic cell
count: SCC) sioANUR UL UV HALarUTUNa
ansiwmualadlutuuiu Aldnullatuslead
Induaziugiaesd amemaila 'H-NMR lngigas
Tnndndunguuessadidadonumiisneaing
Fu Lileneuausifon1SENLEUIINAITAALTE
wuaiseluiuy 3dlgn1snsiadusuiuigas
fanan lunsussduguameilosuvedadiiy
TsaduuSniau (mastitis) [34] ednuaznane s
Avneauil dwansyvudeiinalusay lufu ua
pafUsznaun1adaaiidug Tudiuy (34 lae
puzAfenudn dusAvildanuilaiinsany
SCC TwdSinauge (NN 720,000 waasiediadans)
azdUSuaved lactate, butyrate, isoleucine,
acetate wag [-hydroxybutyrate Iuisﬁuq\‘imﬂﬂ
A28 wRagdUSu1uYes lactose, hippurate Lhag
fumarate asaadnglutusAvuiildainudlad
529U SCC TuuSinawsin (aiify 14,000 wadse
fiadans) FsnnzdidueAusein vendusasn
ANENIVINENTEINTHAENEsUTEonTn Alada
(ketosis) SauAURINTIIVRSUUATIS o7 TuaY
yesmsandolugu Inetawe Staphylococcus
aureus, Streptococcus uberis,  Streptococcus
dysealactiae Wway Escherichia coli wagns QQJLT?EJ
i vessadideyfinvesiominuuiigniianslae
wuATiEemaiiy [33] wena1nil Hettinga uazAnLY
(2008) @unsaduunytaveuAi L%'aﬁl,ﬂumm@
VO IAA IS NLAUA AN WU T DL ALUULNUA T
arvalanvinszinedne (volatile metabolite
orofile) i eusazafinadretuluuy Tngldnns
UATIZNAEALA headspace GC/MS FaAUNNT
Uszanananies artificial neural network [35]

* sarn.s@chula.ac.th

Boudonck wagmaiy (2009) Anwn
WisuifsudoyamnlulauvesiuuAuiildan
vsulAuLN YR TOUNSE (organic dairy farming)
wazrhsulauudidszuunisdansrhsunuuiily
AaEnAtla LO/MS/MS wag GO/MS laenugdive
anunsansIalessvanswavelaglutiuuiiv
1989 223 vdin oweluladfna wazwuansd
anunsolidudiauadnisdanan 18un tyrosine,
isoleucine, mannose, glycerate, ribose, camitine,
butyrylcarnitine wLa¢ hippurate Fedusuaiiy
qa%ﬂuﬁmmﬁiﬁmmﬂﬁﬂmmmwm%uvﬁé
Tneianiy hippurate Fadananduiusidauandu
Usinailoonmns (dietary fiber) AfegluyTanngs
niegnditduddy Tuamsemnsdniveshiulauy
INBATBUNIE WANAUNUI USU1adve9 proline,
trans-4-hydroxyproline, glucose 1-phosphate,
ribose 5-phosphate, glycerol 3-phosphate
waz glycerol 2-phosphate fienanasduingdily
nsilautnunsBunss Saumuslandinan
Juansiindaldanddmulnanean (pentose
phosphate pathway) IneanuesIdeLawedn Unagd
A Buandlugasensda i ldluvdu
Wadoauuy e?iqehmaﬂiwuimmwiagmwu
Ussrnsuagianssnvesgdunidusznduluszuy
nsEEdnvele [26] uaﬂmﬂﬁ Erich WazAae
(2015) mmim"wLLuﬂﬁﬁa:gammiuiamaaﬁmuauﬁ
TaanrhsulAuLnEnsduns s Aemeda H-NMR,
BC-NMR wazdayalalglniiaies (stable isotope
data) senantnuLAUAlE v salauLuly
161 [36]

Jaqtu Insdunalulagiumlulaindun
UquJﬂGﬂfU LWEJﬂﬂ‘U’T‘U’e]iJaLLUULLNHVIN‘EJ’JI@JLaﬂa
maquﬂumuwwsamumm (human breast milk)
At Uiy 1a8 Marincola LagAty S1891UNA
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nsanunaalulaves s undeusnlud
2012 prewalla GC/MS wag "H-NMR [37] Wu uay
Az (2016) Anwinsidsuulasteyawmivlay
vosiuuilugrsszeymsliun (actation stage)
funndnsiu domada HNMR Tnsnuzfide
NU11 YSu1auved lactose, choline, alanine,
clutamate wag glutamine ﬁizﬁ’mﬁuqﬁu WA
1MUTUIUVDY glycerophosphocholine, citrate,
phosphocholine wag N-acetyl glucosamine il
szAvanal TuY9NevesTEeenIslvuL (31-87
Tu nasaaen) [38] Sundekilde wazaz (2016) 1
AfisinaAToRerunsiasuUaseyaium
Tulanwesiuuwsilugiesyessieg vasnsliu
Aaglguiu [39] Spevacek Wagamy (2015) Anw
mawAsunlastoyaumilulauvesis Turs
STUzAULINTIAaDn InalUIsumsulsinuans
wwnuslad 69 4ia Tutusnasiiraenynsneu
AMUUALAZANUAIAUALIAT FBWATA "H-NMR [40]
Urbaniak wazaauz (2014) Anwuavesnislasuinil
11 (chemotherapy) fiensiUdsuudastoya
alulanvewiunluansivredulsauzswon
dudes femaiia GOMS Tnsanzifenudn
nslasuadunUndswaliusunuves arabinose,
threitol, decanoic acid, myristic acid, 1-monopalmitin
WA butanalluﬁmmﬁmqq%u [41] Smilowitz ua
A (2013) AnwAURULUsTRITlnLaz UM
aswnvelad Tnslemzngulodlnudnanlsd 4
Huansifiuzinasnniian ususu 3 ludusul
seannludusasuaning lagas wanvsladngu
Fanana faudrdnenamdneunsvamnsn
WesniduansiviliiAnnnzauna (modulation)
v039aunESUsEaUludE (qut microbiota) B
mmﬁaamqﬁ’amﬁaiu,asmmquuswaamsamL%?a
wuaislussuuaAueINIYRINIALA [42]

* sarn.s@chula.ac.th

nsUszend ldmalulagwanlulaiindlunsfinw
asAUsznauns Al lunandusiuy

Uagdu fimsihwelulagwluladindan
Uszgndld ilefnundeyanuuinumsdaluana
YoINAN T g UL 19U UNNFONAL UNHIGAST
Fautasdmiuman uuien Toddn wouds oy
uitedlng nguszasdiiioliAnnau
ety aRIAUIENaUNINT AT WUUDIATIY
nasnaunalnnsasuuUasesdoyamnlulay
Tusdndasmidanam Mdukainannszurunisuds
U Wy nsinnuseu mMsviuie visenanssuves
QAuNESNENTe (starter activity) Fsfiunumsonts
Wasuwamaduailuseninsnsyuaunsnin
(fermentation) N5UN (ripening) ULazY3981801S
AU (shelf life) wazdanalaensedoaui@nig
Meam AaAMNElaTUINT auTRIFmind uas
AuANNIUsEEMANTavesnaniudl [1, 43]
idesangidsundniiuszaumsaisiniusmided
AertesiumsUszgndldinaluladiwanluladind
Tumsfinwmsivasuulasesteyammilulasly
nanduaileise lnawlufnwinavesujduius
seminaBunIdnd e (starter interaction) [44]
wavmsiAsuamessila uavUSanaenssmuslad
SefinmauuuaiiSengsilnslulefind (probiotics)
anewudingg Wledumsatuandfdanii (45
47] Faveeniing1Idelundnd aeifenandun
oRUTely w fine

Settachaimongkon hazAay (20 14a)
Amnufduiusseninauniidnddelaisn ne
NAEDUNA8INTLASUUTEleUs AU (proto-
cooperation) 51179 Lactobacillus delbrueckii
subsp. bulgaricus Wae Streptococcus thermophilus
awiuguianarseuluilusitea (proteolytic
strain) Lazliasaeuludlusiea (non-proteolytic
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strain) semsiUasuuUamad el uasewing
aszuaunsndn Taediasnzdinisasunias
USunanswaueladainsuivediy 35 wiia Lag
FELABEIN 43 Bl AleAla headspace GC/MS
war 'HNMR aud1au lnsangRIdenydn
U duusi39uIngendng L. delbrueckii subsp.
bulgaricus Wa S. thermophilus maﬁuﬁ:%ﬁmmﬁ
asveulyllushea daavinliensnsiasgues
AuvEdvisaasiin maadansauaninluu (milk
acidification) nsasnsansimusladlasemed o7
T nAusaLnz (aroma volatile metabolite) 1w
acetaldehyde, dimethyl sulfide, 2-butanone,
diacetyl, 2,3-pentanedione, acetoin, 3-pentanol,
2-hydroxy-3-pentanone, acetic acid, butyric acid
wag hexanoic add sauvsansiunveladein
SELLNYYIN LA LA lactate, pyruvate, formate,
succinate WA free amino acids Fudunananan
N32UIUNTNANNTALAARNLAYNISURUEANY
Tusiu i ueghadifuddalussminansyuaums
it uenaINt SeEINsasUUNAINLLANATITBY
Foyamnlulauvesnandasiloisaildainnis
wingrendndedsrdnfu dromadanis
Aeszvimsatfviatesnuslaegretniau [44]
NAIUILUDY Settachaimongkon LagAnsy
(2014b) uandliiuNansENUINNSRLWUATIS Y
Tnslulefindrionsidsuuasieyamnlulases
HaRSuIleise IneauzITeAnvINaINNTLAY
wuaiselnslulednd areWug Lactobacilus
rhamnosus GG W& ¢ Bifidobacterium animalis
subsp. lactis BB12 aifuqAuvadndideleiin (.
delbrueckii subsp. bulgaricus Wag S. thermophilus)
AonsiUdsuamssiiaweslinaeaswmuslan
Tundnsioun aematia headspace GC/MS tag H-
NMR #an1sAnwuangliing msiuiuniiise
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Tnslulefindvisaesaneniug lsidmarenisasnang
wazmsad1seansiumuslavivinssimedneilinay
savan Laln acetaldehyde, diacetyl, acetoin,
2,3-pentanedione, acetone, 2-butanone L& ¥
acetic acid Tunanduaileisa agrelsiniu
Aanssuvesuuaiiselnslulefndanewug L
rhamnosus GG finasausunaasasiuniualar
giaszneen lneanizinlianslungu organic
acids tag free amino acids ﬁizﬁULﬁmqaﬁuaﬂﬂﬂﬁ
foddny ludrenaifunan il iigungd 4
psrnwadua Wussezian 4 dUansk uenanni
Settachaimongkon waganly (2015, 2016) Naapy
wisundndeuvaiiFelnslulefndaneug L.
rhamnosus GG, B. animalis subsp. lactis BB12 e
Lactobacillus plantarum WCFS1 a1elaanay
AINULATEN AILNITAIUANAIANILTNTUYBUNGD
(NaCl) wazanaandunsa-ang (pH) fiszsusinia
Wlane (sub-lethal stress) Tugiansin (fermenter)
routufnduiugdunEdndndeloise tne
Anvinasevesaneildlunisinioundude
FINAT MEBRIINSHAINTON (viability) Laghanssu
¥949AUN3¢ (microbial activity) fana2 sazd
ma‘[mmwiamim?iauLLﬂaﬂﬁayJame‘IUhmm
ARSI IneAuITenUI USnaues acetic
acid, acetoin, 2-butanone, ethanol 1-methoxy-
2-propanol, 2-methyl-1-butanol, 3-methyl-2-
butenal, 3 -methyl-butanoic acid, 2-methyl-
propanoic acid way sulfur compounds 526U
Lﬁuqﬁu Fadui @t msenismevaues
vaswuafielnslulefndnielaanigainuasen
(adaptive stress response) 7114 wisundte @
A ATooRuned mafsduvesmawemualad
wianil Aendesiunuedfuves pyruvate uas
amino acids Fadunilslunalanisnevausnig
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a’%ﬁ‘mmLﬁa%’ﬂmauqmmmaé (homeostasis)
[48] wenanii ANIZE VYA TORENAIILLANGATS
vosteyammmlulanvesdnsumofinivdnlag
T douvaiiFelnslulefndaneiugunndnaiy
yEoaneusifefuiiniumanieundidods
anmeuansnaiy iauﬁamﬁmﬁmsﬁﬁﬁiwzmq
mstiuuanaeiule leeldmaianisiesiginia
affvauiuls [45-47]

venant Sdimsuimelulad wenlulad nd
uUszgndldifiefnwiasdusznounsdauaiiiu
nansSaurladu Iae Scano wazAuy (2016)
AnviSeuiieuteyawmluladserinm@ns e
uugnsAawlasdmsumsn (infant formula milk)
waztiunl femadin GOMS Senaeidonsag
NU31 USU18499 malic acid, slucose, fructose,
galactose, kay mannitol 3i5zaugeninluuugns
Faudasdmiumsn uenani awnseld orotic
acid waz isomaltulose LHuFIUITN139T 2019
1PgaU150RTINUENSIUMUB AR AINET tAlRng
TuungesdauUasdmiumsniianfnwuviniy
[49] Pisano wagAmg (2016) AnwilUSauliiau
Foyatunilulay szninandadueiiuguds
UoaY1L5881 (Mozzarella cheese) inAna1n
duslanazituuane gremeda GOMS Tng
ﬂmwﬁ%’awuiw threonine, serine, valine, orotic
acid uag urea anunselffusu TN mdmsy
weudweaisaarinanainuiuuaneld [50]
Pogacic wazAniy (2016) s18auNan1sldgaun3d
ﬂﬁﬁL%@IuﬂEju Lactobacillus spp. Wag Leuconostoc
spp. 18 @eiug AadnuurdoyalNULUUATT
waveladsinszmedefiiinadonausaianis
luszrminenssuiunmsusueudadussegnanuu 5
duam sematln G/MS lngaes3de Wudn L.
rhamnosus Way L. paracasei Hunumlunis
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afsanslvinausaviln diacetyl, acetoin, acids
WAz esters @1U Leuconostocs spp. Hunumlu
msasaanslvindusalungaves alcohols wag esters
TneUSaneuues diacetyl, 2-butanol, ethyl acetate, 3-
methylbutanol, 3-methylbutanoic acid ka e 2-
methylbutanoic adid dAmnuruUsiugisnnenn
fian dmunduadunidndndeddiunldly
n15An®N [51] Consonni tag Cagliani (2008) Nt
Wisuisudeyawmlulauvomandomiuendons
flou (Parmesan cheese) Tiflszesianmsuaumng
i uasiSeuieudeyammilulauvomdnsiamiuey
Wi ananafulusnd iindnanniuadi uis u
(geographical discrimination) InemMsATERUT I
ansiuniuelas 29 ¥lia alrgnada HNMR
ANERITeNUIN auTalduTunmves leudne,
isoleucine, lactate, butanoate Wa ¥ acetate WU
Udmedanm essyfesnaueudonifienid
sparegnIsUNduLA 1415 eu uazaEnTIINy
threonine lutBsnasgueudaisnam Milszerony
MsUNY 30 Feu wenant asnsaliUBinames
threonine, valine, proline, slutamate, lysine, alanine,
serine, arginine L& citrulline Juday ﬂ% NNV
Wosuunueuds msdenindslulssmadaa
ponannandausiusudsuiindu indslungy
Ussineglsune Juanls [52]

unasy

mMsunalulagwanluladindunld@nw
DIAUTENIUYNT AAL VDI MSUIIUIDMTIATIEN
wuuRady SHnguszasdiiionunadeyalusUuuy
msasgansualuladlanesiy wisewalulay
FaSuaioumeiuisyauluanaveseg ety
Tagaun1IntIveunalulagnnany ¥28ln
a111503 A swunatsntvelad iy
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asfUsEnougeslutualduinnia 200 ¥iin 3
sUsUTHaLaz et swemueladinantl 3
ArufuLUsTuegfuaetus ey svazmslium
guaTzveulla gan1a onIdnd uaedSUURLY
nsdamsnfalaun Tneteyailivefmunod
audlmiifieliAneudlafsteyanuumms
Frluanavesinaiy uaznalnmaUAsuuasmes
answmnusladivaniulussmitnssuiunisusy
Jundaduaiug wu nishirudou n1siowis
mvifn Meussy maiudnu Fafetesiuaudd
GamhiuazaunmaUszadavom@nsins
Snisamnsndszgndlideyadanann saufuns
Ussidusasnemadianmaelussing Wileszyvas
wwnueladiiaansalfiduiudmedanm dmsy
¥seysndnualusonsraaeuuvasiiinvesingiv
wazaunay duiusiuiiaddenagienansvos
uwiawAslunitufiamneriensruaumausgy
e Feluownan doyauuuuumsdluanadld
mnmAlilafumulaindenduugud iy e
Tglun1sfinwesnuwuusasiamndn o uilvd
ﬁ%amﬂ’&%wﬂﬂﬁLLaz@mmwmaﬂizmmﬁuﬁa
MuiFoIns saufseanunsaiann i nanAnsin
WINgALRBE U LNAINENAUMNAIUABINTYNG
Tamsunmsiumnsneulst

LONE1581994

[1] Mozzi, F., Ortiz, M.E., Bleckwedel, J., De
Vuyst, L. and Pescuma, M. (2013).
Metabolomics as a tool for the
comprehensive  understanding  of

fermented and functional foods with

lactic acid bacteria. Food Research

International. 54(1); 1152-1161.

* sarn.s@chula.ac.th

[2] Ibanez, E. and Cifuentes, A. (2014). Foodomics:
food in the
postgenomic  era.  Comprehensive
Analytical Chemistry. 64: 395-440.

[3] Wishart, D.S. (2008).

applications to food science and

science and nutrition

Metabolomics:

nutrition research. Trends in Food
Science & Technology. 19(9): 482-493.

[4] Skov, T., Honoré, A.H., Jensen, H.M., Naes,
T. and (2014).
Chemometrics in foodomics: handling
data
analytical platforms. TrAC-Trends in
Analytical Chemistry. 60: 71-79.

[5] Capozzi, F. and Trimigno, A., (2015). Using
metabolomics to describe food in
detail. pp. 204-229. In L. Brennan and

J.L. Sebedio (eds.). Metabolomics as a

Engelsen, S.B.

structures  from  multiple

tool in nutrition research. Woodhead
Publishing.

[6] Cubero-Leon, E., PeAalver, R. and Maquet,
A. (2014). Review on metabolomics
for  food Food
Research International. 60: 95-107.

[7] Ren, S, Hinzman, AA,, Kang, E.L.,, Szczesniak,
RD. and Lu, LJ. (2015). Computational
and statistical analysis of metabolomics
data. Metabolomics. 11(6): 1492-1513.

authentication.

[8] Cevallos-Cevallos, J.M.,  Reyes-De-
Corcuera, J.I., Etxeberria, E., Danyluk,
M.D. and Rodrick, G.E. (2009).

Metabolomic analysis in food science:
a review. Trends in Food Science &
Technology. 20(11-12): 557-566.

! Department of Food Technology, Faculty of Science, Chulalongkorn University, Bangkok

ZOmics Sciences and Bioinformatics Center, Faculty of Science, Chulalongkorn University, Bangkok



M5asnAlUladn1e1s YnIneaeaey U7 12 atu?l 1 4n51A% — SWIAN 2560 13

[9] Nicholson, J.K. and Lindon, J.C. (2008).

Systems  biology:  metabonomics.
Nature. 455(7216): 1054-1056.

[10] Kim, S., Kim, J., Yun, E.J. and Kim, K.H.
(2016).
farm to human. Current Opinion in
Biotechnology. 37: 16-23.

[11] Wishart, D.S., Jewison, T., Guo, A.C,

Wilson, M., Knox, C., Liu, Y. et al.

Food metabolomics: from

(2013). HMDB 3.0: The human
metabolome database in 2013.
Nucleic Acids Research. 41(D1): D801-
D8O7Y.

[12] Trimigno, A., Marincola, F.C., Dellarosa,
N., Picone, G. and Laghi, L. (2015).
Definition of food quality by NMR-
based foodomics. Current Opinion in
Food Science. 4: 99-104.

[13] Laghi, L., Picone, G., and Capozz, F.
(2014). Nuclear magnetic resonance
for foodomics beyond food analysis.
TrAC Trends in Analytical Chemistry.
59(0): 93-102.

[14] Castro-Puyana, M. and Herrero, M. (2013).
Metabolomics approaches based on
mass spectrometry for food safety,
quality and traceability. TrAC-Trends
in Analytical Chemistry. 52: 74-87.

[15] Herrero, M., Simo, C., Garcia-Canas, V.,
lbanez, E. and Cifuentes, A. (2012).
Foodomics: MS-based strategies in
modern food science and nutrition.
Mass Spectrometry Reviews. 31(1):
49-69.

* sarn.s@chula.ac.th

[16] Cuadros-Rodrisuez, L., Ruiz-Samblas, C,,
Valverde-Som, L.,
and Gonzalez-Casado, A. 2016).

Chromatographic

Pérez-Castano, E.

fingerprinting:  an

food
identitation and food authentication - a
tutorial. Analytica Chimica Acta. 909: 9-
23,

[17] Ebbels, TM.D. and De lorio, M. (2011).
Statistical data analysis in metabolomics.
pp. 163-180. In M. Stumpf, D.J. Balding
and M. Girolami (eds.). Handbook of
statistical systems biology. John Wiley &
Sons, Ltd. West Sussex.

[18]Yi, L., Dong, N., Yun, Y., Deng, B., Ren, D.,
Liu, S. and (2016).
Chemometric data

spectrometry-

innovative  approach  for

Liang, .
methods in
processing of mass
based metabolomics: a review.
Analytica Chimica Acta. 914: 17-34.
[19] Cifuentes, A, (2013).
principles and applications. pp. 1-13.
In A, Cifuentes (ed.).

advanced mass

Foodomics:

Foodomics:

spectrometry in
modern food science and nutrition.
John Wiley & Sons. New Jersey.

[20] Sales, N.M.R., Pelegrini, P.B. and Goersch,
M.C. (2014). Nutrigenomics: definitions
and advances of this new science.
Journal of Nutrition and Metabolism.
2014.

[21] Johanningsmeier, S.D., Harris, G.K.,, and
Klevorn, C.M. (2016). Metabolomic

technologies for improving the quality

LAy inAlulagneeIms AneINemans IANIUNNTINEINY NTENNLUNIUAT
2 gudinemmanslolinduasdiansaung AnEINeIMans PANIAMNINGISY NJUVNIMIUAT



M5asnAlUladn1e1s YnIneaeaey U7 12 atu?l 1 4n51A% — SWIAN 2560 14

of food: practice and promise. Annual
Review of Food Science and
Technology. 7: 413-438.

[22] Danezis, G.P., Tsagkaris, A.S., Brusic, V.

and Georgiou, CA. (2016). Food
authentication: state of the art and
prospects. Current Opinion in Food
Science. 10: 22-31.

[23] Odriozola, L. and Corrales, F.J. (2015).

Discovery of nutritional biomarkers:
future directions based on omics
technologies. International Journal of
Food Sciences and Nutrition. 66: S31-
S40.

[24] Walstra, P., Wouters, J.T.M. and Geurts,

T.J., (2006). Dairy science and
technology. 2" ed. CRC/Taylor &
Francis. New York.

Mehta, B.M. (2015).
composition of milk and milk
products. pp. 511-553. In P.CK
Cheung and B.M. Mehta (eds.).
Handbook  of  food
Springer-Verlag Berlin Heidelberg.

Chemical

chemistry.

[26] Boudonck, K., Mitchell, M., Wulff, J. and

Ryals, J. (2009). Characterization of
the biochemical variability of bovine
metabolomics.
Metabolomics. 5(4): 375-386.

Klein, M.S.,  Almstetter, M.F.,
Schlamberger, G., Nurnberger, N,
Dettmer, K., Oefner, P.J. et al. (2010).

Nuclear magnetic resonance and

milk using

mass  spectrometry-based  milk

* sarn.s@chula.ac.th

metabolomics in dairy cows during
early and late lactation. Journal of
Dairy Science. 93(4): 1539-1550.

Sundekilde, UK., Larsen, L.B. and

Bertram, H.C. (2013). NMR-based milk
metabolomics. Metabolites. 3(2); 204-
222.

[29] Lu, J., Boeren, S., van Hooijdonk, T.,

Vervoort, J. and Hettinga, K. (2015).
Effect of the DGAT1 K232A genotype
of dairy cows on the milk
metabolome and proteome. Journal
of Dairy Science. 98(5): 3460-3469.

[30] Antunes-Fernandes, E.C., van Gastelen,

S., Dijkstra, J., Hettinga, KA. and
Vervoort, J. (2016). Milk metabolome
relates enteric methane emission to
milk synthesis and energy
metabolism pathways. Journal of
Dairy Science. 99(8): 6251-6262.

[31] Tian, H., Zheng, N., Wang, W., Cheng, J.,

Li, S., Zhang, Y. and Wang, J. (2016).
Integrated metabolomics study of the
milk of heat-stressed lactating dairy
cows. Scientific Reports. 6: article no.
24208.

[32] Yang, Y., Zheng, N., Zhao, X., Zhang, Y.,

Han, R., Yang, J. et al. (2016).
Metabolomic  biomarkers  identify
differences in milk produced by
Holstein cows and other minor dairy
animals. Journal of Proteomics. 136:
174-182.

! Department of Food Technology, Faculty of Science, Chulalongkorn University, Bangkok

ZOmics Sciences and Bioinformatics Center, Faculty of Science, Chulalongkorn University, Bangkok



[33] Sundekilde, UK., Poulsen, N.A., Larsen,

L.B. and Bertram, H.C. (2013). Nuclear
magnetic resonance metabonomics
reveals strong association between
milk metabolites and somatic cell
count in bovine milk. Journal of Dairy
Science. 96(1): 290-299.

[34] Maréchal, C.L., Thiéry, R., Vautor, E. and

Loir, Y.L. (2011). Mastitis impact on
technological properties of milk and
quality of milk products-a review.
Dairy Science and Technology. 91(3):
247-282.

[35] Hettinga, K.A., van Valenberg, H.J.F., Lam,

TJ.GM. and van Hooijdonk, A.C.M.
(2008).  Detection  of  mastitis
pathogens by analysis of volatile
bacterial metabolites. Journal of Dairy
Science. 91(10): 3834-3839.

Erich, S., Schill, S., Annweiler, E.,
Waiblinger, H.U., Kuballa, T,
Lachenmeier, D.W. and Monakhova,
Y.B. (2015). Combined chemometric
analysis of 1H NMR, 13C NMR and
stable isotope data to differentiate
organic and conventional milk. Food
Chemistry. 188: 1-7.

[37] Marincola, F.C., Noto, A., Caboni, P., Reali,

A., Barberini, L., Lussu, M. et al. (2012).
A metabolomic study of preterm
human and formula milk by high
resolution NMR and GC/MS analysis:

preliminary  results. Journal  of

M5asnAlUladn1e1s YnIneaeaey U7 12 atu?l 1 4n51A% — SWIAN 2560 15

Maternal-Fetal and Neonatal
Medicine. 25(SUPPL. 5): 62-67.

[38] Wu, J., Domellsf, M., Zivkovic, AM., Larsson,

G., Ohman, A. and Nording, M.L. (2016).
NMR-based metabolite profiling  of
human milk: a pilot study of methods for
investigating  compositional  changes
during lactation.  Biochemical and
Biophysical Research  Communications.
469(3): 626-632.

[39] Sundekilde, U.K., Downey, E., O’Mahony,

JA, O’Shea, CA, Ryan, CA, Kelly,
AL. and Bertram, H.C. (2016). The
effect of gestational and lactational
age on the human milk metabolome.
Nutrients. 8(5).

[40] Spevacek, A.R., Smilowitz, J.T., Chin, E.L.,

Underwood, M.A., German, J.B. and
Slupsky, C.M. (2015). Infant maturity
at birth reveals minor differences in
the maternal milk metabolome in the
first month of lactation. Journal of
Nutrition. 145(8): 1698-1708.

[41] Urbaniak, C., McMillan, A., Angelini, M.,

Gloor, G.B., Sumarah, M., Burton, J.P.
and Reid, G. (2014). Effect of
chemotherapy on the microbiota and
metabolome of human milk, a case

report. Microbiome. 2(1).

[42] Smilowitz, J.T., O'Sullivan, A., Barile, D.,

German, J.B, Lonnerdal, B. and
Slupsky, C.M. (2013). The human milk

metabolome reveals diverse

* sarn.s@chula.ac.th
LAy inAlulagneeIms AneINemans IANIUNNTINEINY NTENNLUNIUAT
2 gudinemmanslolinduasdiansaung AnEINeIMans PANIAMNINGISY NJUVNIMIUAT



M5asnAlUladn1e1s YnIneaeaey U7 12 atu?l 1 4n51A% — SWIAN 2560 16

oligosaccharide profiles. Journal of
Nutrition. 143(11): 1709-1718.

[43] Xu, Y.J.,, Wang, C, Ho, W.E. and Ong, CN.
(2014).

applications  of

Recent developments and
metabolomics  in
microbiological TrAC-
Trends in Analytical Chemistry. 56: 37-48.
[44] Settachaimongkon, S., Nout, M.JR,

Antunes Fernandes, E.C., Hettinga,

investigations.

KA., Vervoort, JM., van Hooijdonk,
T.CM. et al. (2014).
different  proteolytic

Streptococcus thermophilus in co-

Influence of

strains  of

culture with Lactobacillus delbrueckii
subsp. bulgaricus on the metabolite
profile of set-yoghurt. International
Journal of Food Microbiology. 177:
29-36.

[45] Settachaimongkon, S., Nout, MJ.R.,, Antunes
Fernandes, E.C,, van Hooijdonk, ACM.,,
Zwietering, MH., Smid, E.J. and van
Valenberg, HJ.F. (2014). The impact of
selected strains of probiotic bacteria on
metabolite formation in set-yoghurt.
International Dairy Journal. 38(1): 1-10.

[46] Settachaimongkon, S., van Valenberg,
H.J.F., Nout, MJ.R., van
Hooijdonk, T.C.M., Zwietering, M.H.
and Smid, E.J. (2016). Influence of

Lactobacillus plantarum WCFS1 on

Gazi, |,

post-acidification, metabolite
of starter

Food

formation and survival

bacteria  in  set-yoghurt.

Microbiology. 59: 14-22.

* sarn.s@chula.ac.th

[47] Settachaimongkon, S., van Valenberg, H.J.F.,
Winata, V., Wang, X, Nout, MJR, van
Hooijdonk, T.CM. et al. (2015). Effect of
sublethal preculturing on the survival of
probiotics and metabolite formation in
set-yoghurt. Food Microbiology. 49: 104-
115.

[48] Van de Guchte, M., Serror, P., Chervaux,

Ehrlich, S.

Maguin, E. (2002). Stress responses in

C., Smokvina, T, and

lactic acid bacteria. Antonie van
Leeuwenhoek. 82(1): 187-216.

[49] Scano, P,
Consonni, R. and Caboni, P. (2016).
Metabolite profiles of formula milk
compared to breast milk. Food
Research International. 87: 76-82.

[50] Pisano, M.B., Scano, P., Murgia, A,
Cosentino, S. and Caboni, P. (2016).

Metabolomics

Murgia, A., Demuru, M.,

and microbiological
profile of Italian mozzarella cheese
produced with buffalo and cow milk.
Food Chemistry. 192: 618-624.

[51] Posgacic, T., Maillard, M.B., Leclerc, A,
Herveé, C., Chuat, V., Valence, F. and
Thierry, A. (2016). Lactobacillus and
Leuconostoc volatilomes in cheese
conditions. Applied Microbiology and
Biotechnology. 100(5): 2335-2346.

[52] Consonni, R. and Cagliani, L.R. (2008). Ripening
and geographical characterization of

Parmigiano Reggiano cheese by 1H-NMR

spectroscopy. Talanta. 76(1): 200-205.

! Department of Food Technology, Faculty of Science, Chulalongkorn University, Bangkok

ZOmics Sciences and Bioinformatics Center, Faculty of Science, Chulalongkorn University, Bangkok



