nsiigadanulilavesisiameyt aflatoxin M,
1n835 Liquid chromatography-tandem mass spectrometry

LY 6 o 14

a o 1 a Y 1 1 a 1
d978 INLUNTAINT  UIAIT JUURNY AUINU GILWYILLNT iﬂiqm UV

asegramendudul (AFM) dneglunduansiivainides Ssuuidioumduiuuvedlauy
deswnansivedaiiJusunmedesudluluiinaundinadenisuilnavesuyud dufuly
nsfnwasaiifdlinnudifutentsiased Tnoidenldimatiafidaiugndeaazainuly Aenis
ATIRIATITRRemATiadndalasulanTiveLadaNsTauraIINA UM IR TIRTaLLaUnIns N3
Tagandun1svilsiuzans (clean-up) feinaila immunoaffinity column udwe (Elute) Fog
deesdlalulasdroiniueadndiu (3:2) wastusaanlossu anvneduansuiasgunielud
Julelglnlsinmsven-13 udwinmsiigatanuldliveisinseiaisornameondudul (AFM,)
Tushegnainuufu mukuamisvesanamelsy (SANTE/12682/2019) Fawudn arunduidumsaves
3mSR IdLdy 250 84 5,000 uilunuredns TiAduUsEAVSanduRLS () wnnd
0.990 duNanszNuINUTSNITUsTiuldane %signal suppression and enhancement a1
WINAU 103.28 %, ANAAINNAVBINITATIANULALAITAINNAVBINITATIIA 119U 1.00 wag 5.00 U1
Tunfusioding auddy, AfesaznisnduAuuazandosuuinnsgruduimsvesaslufiogied
U3 5, 20, 100 unluniusiedns Ategluya 71.11 - 94.44 % wag 2.69 - 9.19 % AUEIAU Ha
NMSNTINNAFDUALTIUIEY AU FAPAS Tud29819usng wui1an z-score U 2018, 2019, 2020 uag
2022 A 0.1, 0.1, -1.0 Uag -1.4 drunsussiuainuliviveuresiznagey lneussunm
nAAliiutuewvey wudild 38.857% nAmsiiwesvesnisiigataiuldlavesisiinse
aglunainiseaniy wanaIIsinseifinanlirumuizaudmsunisnadeuar Hamendudul

(AFM,) Tususdu

AdAgy : nsfigadrulilivesitiinsed, svramendudul, LCMS/MS, ihuufu
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Method validation of aflatoxin M, in raw milk by LC-MS/MS
Saralee Raknetsakorn' Narissara Seemunta’ Panuwat Sungpethkaew1 Kraiwut Nualkaw'
Abstract

Aflatoxin M, is a group of mycotoxins contaminated in dairy cattle. It could affect to
digestion system when excess consumption. Therefore, this work will focus on the on the
analysis. The appropriate technique providing an accuracy and sensitivity was liquid
chromatography-tandem mass spectrometry (LC-MS/MS) based on clean- up method by
using immunoaffinity column technique and eluting samples with acetonitrile:methanol (3:2)
and DI water. Finally adding to PCISTD of aflatoxin M;. The method validation for
determination of aflatoxin M; in raw milk was validated according to SANTE/12682/2019. The
method produced good linearity in range 250-5,000 ng/L of standard solution were obtained
with the coefficient of correlation (r) value being greater than 0.990. The matrix effects were
evaluated from %signal suppression and enhancement (SSE) was 103.28 %. Limit of
detection and limit of quantitation were 1 and 5 ng/L, respectively. The recovery and
relative standard deviation values were spiked in the sample at concentration of 5, 20, 100
ng/L in the ranges of 71.11 - 94.44 % and 2.69 - 9.19 9%, respectively. The results of the
proficiency testing with FAPAS in milk powder samples showed in 2018, 2019, 2020 and 2022
that z-scores were 0.1, -0.1, -1.0 and -1.4. Estimated from the expanded uncertainty, it was
found that 38.857%. All acceptability requirements based on the validation parameters of
analytical techniques suggest that the approach is appropriate for determination of aflatoxin

M; in raw milk.

Keywords : method validation, aflatoxin My, LC-MS/MS, raw milk

'Feed Quality Control Division, Bureau of Quality Control of Livestock Product

91 Moo 4 Tiwanon Rd., Bangkadi, Mueng, Pathumthani, 12000



unin

prWavendu (aflatoxin) A @15NUNNENANNLTBTT (Mycotoxin) - &31991ALFRI1%1A

¥
IS a

Aspergillus flavus Wag Aspergillus paraciticus Fadosaeiiniaireasivluanmeitenmsil
AT (moisture  content) 6N fiAmMonDsoAdiaf (water activity) 1nnd1 0.93 IRERI R
Aoufnage (25-30 sariwaLdea) defienuibuivgs Sntanuinduasuudeuluemnsdnitilan
Tn80IANTITEULLTWIWIUA (International Agency for Research on Cancer, IARC) ladnansiiy
avvlamendu loun avwamendu U1 (AFB,) wareznainendu bul (AFM,) uaisneuziSely
wwé (Fan et al.,2015)

avlamenduduiu (AFM,) 1Anann1siuasuntadlassasresves AFB, WednTlésu AFB, 34
Aaannisgnnszdulasszuuieuledeandina Fsnuaulag cytochrome  P-450  1ARURRATeN
hydroxylation ?fa%ﬁmﬂamaﬂ%a (Hydroxyl) il furan ring 1Anlu aflatoxin M, (Waue,
2540) SninadananinisiUdsuwladassadisansiveinaug %agmﬂﬁauwaﬂu%h%a (cytosol)
Husznamenidaea (aflatoxicol) Tululaslay (microsome) aflatoxin B, gmﬂﬁlaulﬂu aflatoxin

vila AFL, AFP1, AFQ1 kazAFBO Tuuinasiuestauu (Min et al, 2021) faguil 2

Rumen

Secreted
Blood malk Invte ke
AFL AFL APML e AFMIL

gﬂﬁ 2 1@ng metabolism and biotransformation pathways of AFB; to AFM; (Min et al., 2021)
lngdulvgjdnnunisvuideu AFM, Tuihuavesdniidegnaeunluszeglvuy (lactating)
wavausanunisUuleulalundaduainusguarnuy wu we Ja leisn uuradmsunisn Wudu

winuslaaluUsinaanneahlugiudsunduiareradudunsiefedln (Min et al, 2021)
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1uﬂaﬁ;ﬁuﬁmiﬁ"]mmmmgmﬂ%uwmqaqmaqmiﬁwmﬂL%@i’l%ﬁﬂLLanwaﬂ%u M, T
WAR A UTUL Imaa‘mm‘wqiﬁ‘ﬂ (Commission regulation (EC) no 1881, 2006), Codex general
standard for contaminants and toxins in food and feed (Codex stan, 193-1995) uazUsznIe
NITNTWAIGITUEY  WIV.DINIT W.A.2522 309 mmgma’]miﬁﬁmiﬂm%au (@neu
ARENITUNITOWNTUAZEN NTENTIEITITUAY, 2563) Uomviun Fauandlunnsned 1

M13197 1 kARIAIUIUINENEATRIANTIEIINWRI ¥R aflatoxin M, Tundnsiueiuy

Maximum level (pg/kg) of aflatoxin M,

a v ¢ WIU.BI11T W.A. 2522
NaRANN The European 4 i
CODEX L399 UINTFIUD U INNEANT
Union x
Yuidau

£4
° a

WnnRvIINdn desgnaieuy Fedalsl
HIUNSEUIUNITHUTIU viSelfse 0.05 0.50 0.50

A UNENDU

WK gasdmsumsnusniinge 1 U
waruNAnuUasgassiaiiiosdmsumsn 0.025 - -

< <
BASEANNLAN

ML U TR UsEaIAnY
0.025 - -

ASHINNE dvSuLinNIn

\Wessnensimuauasgiunisuuleu AFPM, Tullagduiianuduan vladanudndudes

= 1

Whagnnianudnieie daugnaes ivelviuladnauisadeduldnguuielaegied

md)}

o
& o

Uszdnsaan atladedidenaneussandnimveidinssitu 1dun n1swmieusiagn (sample
preparation) WazN1371339A (detection technique)

M APM, Tudhusiiu wmededldlunsiniousegaiimadavanauuy wu msade
Fregalaemaia Liquid-liquid extraction (LLE) 3aduwadialunisuenveavaisenainuesvian

a

o199¢1ansiliiidn wu wnwu lunsidnaiswanlasiu wagldansitdrduansesamenduls
aendlsfnu medeiliidesin Ao Faddishazasyusinaann wazdesiinisusuaniy (condition)
Tinsngauiuiiegne ldnasduivinazaty sndiutagsresantunisainazdasdinnumanyas
(Zhang et al., 2020) ﬁqé’mmﬁaﬁﬁzumauﬂﬁﬁﬂﬁu%qwé (clean up) Tmunzan iordndesuniu
wazdenamzansiiaulalunisiingest wada clean-up Tagld Immunoaffinity colurmn (IAC) iy
wmpdafld et sunsuanedmiunsinseiansiivaniesmaneiia luemsuwazemsdn sany
3§3J’1Mi§ﬂu5z1aq AOAC (Aflatoxin M; in liquid milk immunoaffinity column by liquid
chromatography, AOAC Official method 2000.08) lng@1&e monoclonal antibodies Tunaduyd

[

inihnandu AFM, edegeiignazatelu solvent W1 column d@1u antibodies Aduiueg

L 2
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IWNEAU antigen VoI AFM, fanlawinfu annduazsiinisey elution) AFM, waathludnseise
mﬂﬁﬂéuq WU HPLC %30 LC-MS/MS tusiu (ngnen, 2556)
Tudgtumadailflunsamatadmiunsiinseiansivanideosivia ARV, 4
aﬂmiam’mi’mléfﬁ%L%mmmwuazﬂ%mm gNAI9E1YY ATA hish  performance  liquid
chromatography-Fluorescence detector (HPLC-FLD) Juwmedaiifeuldidesanans ARM, 3
AnuanTRAlunsFosuas fluorescence wagyndiosnsiiinaullunsiiangidesorfonszuiuns
yineuus (derivatization) %ﬂﬁﬁ'ﬂmiﬁ’]auﬁuﬁ‘ﬁam%’]ﬂaﬁuﬁ (pre-column derivatization) LU ¥
UfjAsefiu Trifluoroacetic acid %390 N1V UNUSNFIIINHIUABANY (post-column
derivatization) 1 nswinTuslus uransiaasaiininudufiv (Shuib et al., 2017) INTOYARINE
Fefeidudesitavesnislinsgisemainil dufuiddineiansasintaiiawisansiadiasz
AsiwInosedn ARM,  LileflazaiunsawnIsuiiedisuazasiataldlunsiaiea il
ANUFUIE (selectivity) uwazauiadh (sensitivity) lunsilaszsigs Jamaiafignimnlde
pYNUNINANY AswAlla liquid chromatography tandem mass spectrometry (LC-MS/MS) 210
N3ANEIAINUIIBIOY WU Lazauz (2020) lavinisisensiegnsuulnenisainnig methanol
Wit U uns clean-up lagld  IAC wazifulelelnuriaansueu-13 ves AFM, Uu internal
standard (IS) rewhlulasizidedemaia LOMS/MS Fwrnmsvageusismeadainuinle
%recovery Tuta 84-114% Fawansliiuinnaianisld 1IAC saufu LC-MS/MS Tamnmdniy
NANTIATIZITIES uazasaATIsnsER At TumIndls Faaziuldinsiesed
w1 AFM, Tusegnsun Tngu1uns clean up #18 immunoaffinity column Lazms133ne28 LC-
MS/MS ﬁmmmmzamﬁ%ﬁwLwﬂﬁﬂﬁmﬂszqﬂm“ki’flumiﬁﬂwm%gaﬁ
dmsuBnuilaiulsiifinadmsunsinseifiasiun@ing fedaywnansenuanumsng
(matrix_effect) ansatinanluanaluminduesiiogsiinuiuansuszneviiala annsasuniu
nszurunislossluiedy (onization) 1u mass spectrometer vedansiiAsIzifionAnnnTve
SAUAUEINYTZNDUVDINNING ﬁﬂﬁlﬁ@mnﬁméﬁuw%aamawmé’mapm (signal suppression and
enhancement) fiflad Ayl mvesdoyaldeUsun (Fan et al,, 2015)
FfefuarniBnisiinanandrediu Faldiumadams clean-up wviinisAnwinisiigatinaia
Tilaueidiaszi AFM, Inewmaila Liquid chromatography-tandem mass spectrometry 1y
WUINT9BY SANTE/12682/2019  lasvadsunisidmesaiee laun anuludunssvesnsiv

[

UINTFIU NANTENUIINUNING (matrix effect) TnAiansI9my (limit of detection, LOD) Anin

£%
aaa [ o

99N FIATIUTUI (limit of quantitation, LOQ) AMMALAIULAZAUTIBIUDIIDILATIZWNITING LA
WUU repeatability waz reproducibility kagn1suUsziiiua1auliniuouyodis Az auLuInig
I ada [ 1 I

299 SANTE/12682/2019 iiouandliiuinisiiasizwainaniiiadnuniizaudiniunisnaasu

aflatoxin M; Tutinuu@u

L 2
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1. ¥1ATINS

nsfganauldlavedisiiase aflatoxin M, Tuihuudu saewmatin LC-MS/MS

2. §Surnvau

1. YNENMEIE SNLunsanns A UnIneraansuianis
2. WNENUsAT ddues ALY TNINEIERSNISLINNG
3. U1y FHNYTUA7 AU UNINeEEnsNIsuNme
4. welnA 1877 funde dnivermansugunng

3. IQUszasA

aa ada

Wengauaulilavesisinged aflatoxin - M, luiuudv wieliiiuladnisiesena

cal 1

WU TULANAIATIENU LB

4. ¥audnY
Wengaauldlivesisinsed aflatoxin - M, luiuudu fasmalln LCMS/MS Ay

LUINI9UD9 SANTE/12682/2019

5. Uszlgvinaininazlasu

eldluiSumsgrudniuisinseit aflatoxin M, Tududu Mmewaiia LC-MS/MS

6. \n3nsilauaziaginenAans
6.1 \A3asilo

6.1.1 1A309 LC-MS/MS 89 Shimadzu u 8060
6.1.2 1304 Centrifuge &9 Hanil $u Combi 514R
6.1.3 1A384 Vortex mixer 8%0 Genie U Genie-2
6.1.4 Lﬂ%a\‘i Nitrogen Evaporator ?Jlﬁa Organomation
6.1.5 1304 Ultrasonic 8% WIGGENS §u UA22MFD
6.1.6 LA384 Vacuum pump ¥ EYELA Ju A-2S
6.1.7 Micropipette ¥un 2 — 20 pL
6.1.8  Micropipette ¥u1m 10 - 100 pL
6.1.9 Micropipette vu1@ 100 - 1,000 pL
6.1.10 Micropipette vu1m 500 - 5,000 pL
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6.2 §13LAL/E1TUINTFIU
6.2.1 Acetonitrile (CHsCN), HPLC grade
6.2.2 Ammonium formate, LC-MS grade
6.2.3 Formic acid, LC-MS grade
6.2.4 Methanol, HPLC grade
6.2.5 usaanlessuiifaudunulitesndn 182 Mo "
6.2.6 @13a8a78UIMIF U Aflatoxin M,
6.2.7 §190¥AUNINTTIU U—[13C17]-Aﬂatoxin M,
6.3 aunsal
6.3.1 AflaM, " HPLC Immunoaffinity Columns 8%a VICAM
6.3.2 HPLC Column Kinetex XB-C18 2.1x100mm., 2.6 pm. §%o Phenomenex
6.3.3 Centrifuge tube ¥u1m 50 mL
6.3.4 Erlenmeyer Flask 9u1n 125 wag 250 mL
6.3.5 SPE Empty tube vu1% 60 mL, Adapter
6.3.6 Syringe wanaRAnaua 3 dadans vl kvl
6.3.7 Syringe Filters ¥Ua Nylon ¥u1a 0.45 um
6.3.8 Vial HPLC w3aueluag Septum
6.3.9 Volumetric Flask ¥u1@ 5, 10, 50, 100, 500 taz 1,000 mL
6.3.10 NFIYNTBIAE1TATANY
6.3.11 n3gA1YNTBY Whatman no.4
6.3.12 N3¥UBNAINIUIA 50, 100, 1000 mL
6.3.13 920 Duran wiaurnaeadmsuld Mobile Phase
6.3.14 ousnans

6.3.15 Uninasauia 50, 500 mL

7. BsANUUNNS

7.1 vedsvanMsfivinzand miuaiensivia Mass  Spectrometer béiun Collision
energy (CE), Q; Pre Bias, Q5 Pre bias ez Dwell time maqmiﬁmﬁm%asw aflatoxin M;

72 vedevanefiinzaudmsunsuenans aflatoxin - M, saemaiialasuilnnswil

YouUNaENTIOULEY (HPLO)

L 2
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7.3 MAEUNIANANTIATEIU aflatoxin M, a¥1adunsivlinnsgu (calibration curve) 71 5
seupdLdy  ienegounududunss Tnefiansanaine correlation coefficient (1) Tag
neinseeusUllesni 0.990 (AOAC, 2019) wagfulrnAu U st uA LT Ui duanle
TngRansananarmnundsavuresnnududusiaisusuanududuiidualdvesarsunnsgu

goslaliiu £20% Feanunsorunadldsell (SANTE, 2019)
Deviation of back-calculated concentration (%) = (Ciheasured = Cirue)*100/Chrie

7.4 38NSWSUUAIBE1EINSUNNTIATIZENS aflatoxin M, Tutuuau teneldmaiia
Immunoaffinity column 91984 Afla M, HPLC Instruction Manual (VICAM, 2009)

A9UNUNAY 100.00 mL 1d centrifuge tube auIA 50 mL 971U 2 Tube

N2

ilumisafiousndu AewAsee centrifuge AmNusIsau 1540 ¢ WWuan 15 w1

&

v
a

Y 6’5 = [~ 1 gj o goj a ) 1 a & = o
fnduuudadudrutulviiuvesinunfuiell Wdruiiduresnaiiiarlunsas

&

N999MILNTLANENTDWUDS 4

&

load f19879 50 mL WU Immunoaffinity Column (AFM; HPLC)

&

419978 DI Water 10 mL 97U3U 2 AS9

N2

elute $19819978 acetonitrile : methanol 8M51@u (3:2) USRS 1.25 mL way

DI water Usu195 1.25 mL (Usu1e1s59u 2.50 mL)

N2

i lUsELuRsme nitrogen evaporator

N2

USuUsumsae 10 % methanol in DI Water USuais 960 pL e

Internal standard U3u1®3s 40 pL ¥1n1s mix A8LATEY vortex

N2

N30 syringe filters Yu1m 0.45 pum iA nylon

N2

PlUARTEvieeases LC-MS/MS
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7.5 MA@ UNAYBY matrix effect ¥NsesELATaYAENINSEIU aflatoxin M, Tudiviazaie
WlsUsUAUTIUNSNGN919AUTNTY 5 SEaU Aip 250, 500, 100, 2,500 wag 5,000 ng/L &9
aunsaAwIIINdnd IuANTuIINNTIMIAsFIUluLMENG wazauTuaINNI LIRS IUTUAIYI

avane Wl %SSE (Huang et al, 2014) #4il

slope (matrix-matched calibration curve)
9%SSE = x 100

slope (standard calibration curve)

7.6 vaaau sample blank e mdnsinuesn1snsaany (Umit of detection, LOD) wa

[

Yninueen15n519a (limit of quantification, LOQ) Inyi1n153tAT1% sample blank (UuNfAv)
13U 10 91 dluasiainmusuna aflatoxin M, #aeLA309 LC-MS/MS LiNaA1WIunIAT LOD way
LOQ 1aw#i LOD = 3xS,” wagA1 LOQ = 10xS,” 189910 sample blank A1 Jsdeelaisnis

[

AWM Sy’ (Eurachem, 2014) fiail

Sy’ = laghl S, = Adnndeauuinnsgiuvedeya

Vn

7.7 NMSEUTUANTINTINAVBINTITRTIaNU (limit of detection, LOD) lmgn1swiuansazaie

N = IUIUNINAFBUINLUIU routine

WInsgI aflatoxin My NM1LNTY 1.00 ng/L adlu sample blank wadtluvimutunewisnis

[y

a 0 ! o g Ay Yy % ] 1 . . Ll a0 1
W3EUAIREe 31U 10 91 wanlidesgsedudyaiuvesiia laudn signal/noise (s/n) fasdidnly

$Jp8n31 3 (SANTE, 2019)

o w (%)

7.8 M3PUTUAIUATIANTBIN1TNTIIA (limit of quantification, LOQ) lagnsiAnansazany

1nsg1u aflatoxin M; MiAudud 5.00 ng/L adtu sample blank watiluviautunewisnig

o

WsEUAI0819 911U 10 91 NanilanenTeRudyauvesiia nga1 signal/noise AasiiAlitasnin

3, laAFeuagn1sAuUNaY (%recovery) Bgsening 70-120% uwarATosardIulequuiInggIY

v v

1905 (%relative standard deviation, %RSD) 1aglnagin15eau5U %RSD < 20 % (SANTE, 2019)
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7.9 NNINAABUAULINU (accuracy) LaAIILTIE (precision) Tnefiauuduyszfiuaine
Youarn1sAUNdU (%recovery) uazaNuiisalszifiuainArfesararudosuunsgruduing
(%relative standard deviation, %RSD) %aﬁwmimaaumwmﬁm (method repeatability) 1NN
11 sample blank m@umsmmgm aflatoxin M; Viizé’ummﬁwﬁu 5.00, 20.00 wag 100.00 ng/L
arandutuay 5 41 udninutureuisnaaeuldua dunasi %recovery fivoniusasagluts 70-
120 % uageArforazdrudoauuinnsgiuduing (G%relative standard deviation, %RSD) TagLnausi
msseusu neluluiinnsned (intraday, %RSD,) warszninaufiliasne (interday, RSD.) #®
%RSD < 20% (SANTE, 2019)

7.10 mMsfia1sandn ion ratio ansnsausdslinansuaziudunanisinsed Wenuauane

wazAunINaInIsadeulinzan InemAedelosidus ion ratio YedaIINTEIY aflatoxin

M, lefinnsanainuaainaden (tolerance) foslaliiu + 30 % (SANTE, 2019)

% ion ratio = peak area of lower intensity product ion (secondary ion) x100

peak area of intensity product ion (primary ion)
Diff = 30 % x average ion ratio
7.11 MSAINTUIAT retention time YBIEITAITUINTZIU aflatoxin M, TnemAnaaeves
retention time efia1saMA1IAIAAIALARDY (tolerance) Fadliiiin + 0.1 W1#t (SANTE, 2019)

7.12 MIMIUANANAMAEUBNTBIULURNT Inensidisiunaaeuaiudiung (Proficiency
Testing) U FAPAS lushethsuuns Fsiiansanainaadnenn z-score Madunasinisingy dil
NATINITAREY : 1z]<2  uwanei) mansvadeutiueaniuld (satisfactory)
2<|z|<3  uwanan Nan1sadeUTad (questionable)

|z|23 uwanein wanisvegesuiugeusulile (unsatisfactory)

NAUATIVADUANNINDIMTERS dinnvaeunun ndunadnd nsuuAdnd

Page 10 of 24



7.13 msUszanueauliviuey (uncertainty) anansaussluanuliviusuliaindoya
971 method validation Tugauves intra-laboratory 438 within-laboratory reproducibility 1ag

Uszanaaanuluiuey fedl

- ANSANUIUINANUA D YIEUNNS (relative bias)

measured concentration — spiked concentration x 100 %

relative bias =
spiked concentration

[

- MyUszanauliiuueuInggIueINANaLdes; Ulbias) mmaaﬁmmlé’mﬂqm grail

U'(bias) = V(mean bias)  + (SD.Ppias)

v

- mMsUszanaAnNlibtuuINIgINAINN1SYINGT; Ullprecision) aninsarwinilaaingns Asil
U'(precision) = RSD,s = SD
X

[

-M3UszanaatAalikiueusIy; Ucombined) ansarwinilaaingns Al

U(combined) =  V(mean . + (SD.Py.)” + (RSDyr)

-nMsUszanuauliudueuveny; Uexpanded lmgaAn Ucombined) mie coverage factor,

(%

k = 2 fiseduanandesiu 95% annsaAnaleaIngns el
U'(expanded) =  k x U'(combined)

Nnfeyadanandilideyaain method validation azfiansanainnisuszanmainimlyl

uueuveedmuinadeuresiesufiinsdededliiAu 50%  SaasvsuenlddniTnaaeuiu

WUz EU (SANTE, 2019)

8. NAN1INAADY

8.1 INWaNISVAdUAN IS LNz aNE NS UdIU Mass Spectrometer Tun13nTI9d15AEAN
L%Jai’l aflatoxin M; léfama:ﬁﬁmmzauﬁqﬁ

82  INNINAFOUANIE MU AUAIMTUNITLENETT aflatoxin M, daewmadialasan

(%
Y A

Innsilveanaaussaurgs (HPLO) uanawalanadl
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A13999 2 wansannemuganludin MS/MS transition ¥B3d151IMIFIU LA Internal standard

284 aflatoxin M; @1%5UNIINTITIATIEH

Analyte Precursor ion | Product ion Q, Q, Collision Dwell time
(m/z) (m/z) Pre Bias (V) Pre Bias (V) energy (CE) (msec)
aflatoxin M, 329.15 273.10 -10.0 -19.0 -24.0 100
aflatoxin M, 329.15 259.10 -17.0 -18.0 -24.0 100
aflatoxin M;
346.20 288.20 -18.0 -21.0 -24.0 20
(IS)
A15797l 3 wansan e TinzaudmsuaIu Mass Spectrometer
Mass Spectrometer conditions

lon Source ESI (+)

Nebulizing gas flow 3 L/min

Heating gas flow 10 L/min

Heating gas flow 10 L/min

Interface temparature 300 °C

DL temparature 250 °C

Heat block temparature 400 °C

Drying gas flow 10 L/min
A5149 4 wana HPLC Conditions dwduiasieviansfiwannidosade aflatoxin M,
parameters conditions
Mobile phase A 5 mM ammonium formate with 0.1% formic acid in DI water
Mobile phase B 5 mM ammonium formate with 0.1% formic acid in MeOH
Elution mode gradient elution
Flow rate 0.25 mL/min
HPLC Column Kinetex XB-C18 2.1x100 mm., 2.6 um.
Injection volume 3L
Run time 12.00 min
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MS Summary(compound)
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83  9INNAVBINITNAABUNISBNAITUINTFIU Aflatoxin - M, wazadraidunsinunsgiu
(Calibration curve) %15  szduamududy ienadeunuduidunss Tnefiarsanainad
Correlation coefficient (1) liitfosndn 0.990 (AOAC, 2019) Fawuiregluinasifisensu uanisgud
6 wazmuwinAuuTusiuauuduTiduald Tnefiensananaanudsauuvesaiy
Lsﬁusﬁuﬁuﬁwﬁ’ummL%@J%uﬁ'ﬁwmzulé’suaamimmgmﬁaahjlﬁu +20% (SANTE, 2019.) fam151971

5 Fanudneglunaeifgausy

Calibration curve
Area ratio
20.0
s e
50 e
25 e
10.0 -
75

-------- y = 3.80318x - 0.0727735
50 e

R2 = 0.9995739
25 r =0.9997869
0.0

00 05 10 15 20 25 30 35 40 45 50 (x10°ngL)

ANMUdUTUYaY Aflatoxin M,

UM 6 N3 1kansANAUTUSTENINN area ratio karAIAIIUNTUYRY aflatoxin M,

A5199 5 LARIANAINUINTUIS AL ANUTUTUN A1 UILA

Deviation of back calculated
True concentration (ng/L) Calculated concentration (ng/L)
concentration (%)
250 252.0 0.80
500 470.0 -6.00
1,000 988.5 -1.15
2,500 2,569 2.76
5,000 4,971 -0.58

8.4 ANWANIINAADUNANTENUIMNUNING 1 Useiiuainel %SSE BeAuIIndnd
ANNTUIINNTMAsEIUluIENG Auautuannsmunesguluiviagatenuinle 103.28 %

Feogluinnusi 80-120 % siiodwaues matrix effect oeflusziufivansu (SANTE, 2019)
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8.5 NWANIINAABY sample blank La2AIWIaM LOD way LOQ lananin1319il 6

A19199 6 UansA aflatoxin M; 89 sample blank 31121 10 @1

P aflatoxin M,
GRT
concentration (ng/L)

1 3.04

2 2.87

3 292

4 3.44

5 3.44

6 394

7 3.81

8 3.84

9 3.86

10 3.55

average 3.47

So 0.41

n 1.00

Sy’ 0.41

%RSD 14.31
LOD (3S,") 1.22 ~ 1.00
LOQ (10S,’) 4.06 = 5.00
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IS o

8.6 NMFEUTUAITAINNAVDINITATIANU (limit of detection, LOD) kazIAINNAVDINIT

%32279 (limit of quantification, LOQ) LR INAFINST 7

A15197 7 MTNUEAINANISNAERUNSEUEUAT LOD Lay LOQ

aflatoxin M, aflatoxin M,
ASadi (1.00 ng/L) (5.00 ng/L)
s/n lon ratio s/n lon ratio Y%recovery
1 41.97 8.32 210.70 6.98 99.48
2 44.87 7.90 283.32 6.90 80.78
3 76.46 6.89 80.42 7.14 102.33
4 62.92 6.90 134.25 7.48 95.83
5 41.96 8.05 102.56 7.29 105.31
6 62.30 5.58 146.44 7.05 106.26
7 53.38 7.49 173.51 8.13 102.60
8 74.00 8.76 108.84 7.53 101.11
9 87.18 7.05 177.85 6.90 96.37
10 61.01 6.77 154.84 7.04 105.45
average 60.60 7.17 171.5 7.24 99.55
SD 7.52
%RSD 7.55

917A1 LOD way LOQ ve9d1s aflatoxin M; 71%1n1595393LAs1evinagay d115uAn LOD

NuIdlan signal to noise HANLNNATIMTBMAU 3 WarRANTaUAT jon ratio lnemAlRasUasITuR

ion ratio VBIEIUINIFIU aflatoxin M, W5zdU LOD Tawiu 7.17 % usrubufiansanman

tolerance #adlaitiu + 30 % (SANTE, 2019) Wudwmﬁié’aﬁusﬁ’m 5.16-9.58 % WazaiuAn LOQ

WUIHA1 %recovery agluyat 70-120% waz%RSD < 20% war#iansainAl ion ratio lngmAade

\WasiTus ion ratio Yoea15HRISEIU aflatoxin M1 7iszeau LOQ HAvindu 7.24% wdaunlufiansan

ven tolerance fadlaitiu + 30 % (SANTE, 2019) wuinariilsteglutag 5.07-9.42 % Fsegluinusi

ﬁﬁmummmmmwm SANTE/12682/2019
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8.7 NMINAAUAINLLU (accuracy) warALies (precision)

NAdOUALIEeIIENAAeU (method repeatability) Tati sample blank wufinans
@55 aflatoxin M, fisziuanudiudu 5.00, 20.00 uag 100.00 ng/L Aaduduay 5 41 i
mutuneuiinaaey dnauansinsed 8 Geudeglunasiisensu Tasa1 %RSD, nelutui

ATIEN (intraday) ABItBENINMIBINNAU 20% (SANTE, 2019.)

A999 8 LAAIAIAIULTLTY WA %brecovery NTEAUAULTNTY 5.00, 20.00 kA 100.00 ng/L

Page 17 of 24

recovery data
aflatoxin M, aflatoxin M, aflatoxin M,
e (5.00 ng/L) (20.00 ng/L) (100.00 ng/L)
conc. %recovery conc. %recovery conc. %recovery
1 6.74 88.41 16.31 72.09 79.32 77.29
2 7.20 94.44 16.75 74.04 79.58 77.55
3 7.15 93.78 19.99 88.36 75.50 73.57
4 7.18 94.18 19.65 86.85 74.81 72.90
5 7.06 92.60 18.84 83.27 72.98 71.11
Average 7.07 92 68 18.31 80.92 76.44 74.48
sD 0.19 249 1.68 7.44 2.90 2.83
%RSD, 2.69 2.69 9.19 9.19 3.80 3.80
NAUATIVADUANNINDIMTERS dinnvaeunun ndunadnd nsuuAdnd



8.8 NIVAFBUANLTIES (precision-reproducibility, RSD,z)

=

NadeuAUiBIesiinnaeu TneldiEnadeuLisatu tadesilawieady Tay
TnAs1zii 2 au wassaTuitingzi (method reproducibility) fisziuaanududy 5.00, 20.00
Wae 100.00 ng/L lenauanifinisad 9 %awuiwagﬂul,ﬂmsﬁﬁﬂam%’u 1A RSD,p S¥MI19Tud
AATIEN (interday,) ADIUDENINTOWINAU 20% (SANTE, 2019.)
A1 9 WansVAdEUAALITiBIBINSndaUtT TneldEnaseuRoaty lesilewReaiy Tne
TnAs1zii 2 AU wassaTuitingzi (method reproducibility) fisziuaanududu 5.00, 20.00

ey 100.00 ng/L

recovery data
aflatoxin M, aflatoxin M, aflatoxin M,
condition no.
(5.00 ng/L) (20.00 ng/L) (100.00 ng/L)
conc. %recovery conc. %recovery conc. %recovery
1 6.74 88.41 16.31 72.09 79.32 77.29
2 7.20 94.44 16.75 74.04 79.58 77.55
Analyst 3 7.15 93.78 19.99 88.36 75.50 73.57
1 a 7.18 94.18 19.65 86.85 74.81 72.90
5 7.06 92.60 18.84 83.27 72.98 71.11
6 7.11 85.87 20.44 87.80 90.86 87.97
7 7.12 85.99 18.38 78.95 78.32 75.83
Analyst 8 7.43 89.73 20.16 86.60 81.63 79.04
2 9 7.66 92.51 17.59 75.56 87.94 85.15
10 7.43 89.73 20.62 88.57 81.81 79.21
average 7.21 90.72 18.87 82.21 80.28 77.96
SD 0.25 3.25 1.56 6.46 5.64 5.29
%RSD 3.48 3.58 8.28 7.86 7.02 6.78
NAUATIVADUANNINDIMTERS dinnvaeunun ndunadnd nsuuAdnd
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8.9 N13faN3aUA fon ratio lnemAaduUasidus ion ratio VIATUINTIU aflatoxin My
\ilefiasanmAT tolerance fadlalliin + 30 % (SANTE, 2019) lakadnseit 10 wudiaiilaey
Tuaine 6.09-11.31 %

A15197 10 LEAAIAT ion ratio N1 5 SELAUANUINTY I1UIUAILLILVURE 2 ¥

concentration ion ratio standard
STD(S) M; 250 ng/L 1 8.18
STD(S) M;_ 250 ng/L_2 9.51
STD(S) M; 500 ng/L 1 8.36
STD(S) M;_500 ng/L_2 8.40
STD(S) M; 1,000 ng/L 1 8.63
STD(S) M;_1,000 ng/L 2 9.18
STD(S) M; 2,500 ng/L 1 7.97
STD(S) M; 2,500 ng/L 2 9.39
STD(S) M;_5,000 ng/L 1 8.37
STD(S) M; 5,000 ng/L 2 9.03
Average 8.70
Diff 2.61
Tolerance 30.00
Lower 6.09
Upper 11.31
NAUATIVADUANNINDIMTERS dinnvaeunun ndunadnd nsuuAdnd
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8.10 N13WINTAUAT retention time VBIAITUINTFIU aflatoxin M, TngmeAadevos
retention time Liiofia1savan tolerance $oslaiiiu = 0.1 U (SANTE, 2019) FswuinAiads
Y94 retention time ¥BIANTUINTFIY aflatoxin M, eglutranasifiimunfie 3.956-0.156 U1
LAAINAFIANT19T 11

A1371991 11 WansAn retention time Y09a15a8a81195U aflatoxin My 91 5 S8AUANNTNTY

retention time of
concentration
aflatoxin M; (min)
STD(S) M; 250 ng/L 1 4.064
STD(S) My 250 ng/L 2 4.060
STD(S) M; 500 ng/L 1 4.056
STD(S) M; 500 ng/L 2 4.059
STD(S) M; 1,000 ng/L 1 4.056
STD(S) M; 1,000 ng/L 2 4.056
STD(S) M; 2,500 ng/L 1 4.059
STD(S) M; 2,500 ng/L 2 4.051
STD(S) M; 5,000 ng/L 1 4.048
STD(S) M; 5,000 ng/L 2 4.048
Average 4.056
Diff 0.100
Tolerance 0.100
Lower 3.956
Upper 4.156

8.11 NMIAIVANANNIMNAEUBNTBIUHUANTS Inen1sidnsiumegeunud1uig (Proficiency
Testing) fiu FAPAS Tusinognsuuns (milk powder) @alanasiail

a . 1 1
13199 12 L@AINE assigned values, A1 result LLagA1 z-score

analyte year assigned value (pgrkg) Result (pg/kg) z-score
2018 0.0709 0.0718 0.1
2019 0.0561 0.0550 -0.1
aflatoxin M;
2020 0.0442 0.0344 -1.0
2022 0.350 0.244 -1.4
NAUATIVADUANNINDIMTERS dinnvaeunun ndunadnd nsuuAdnd
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ndoyaiiuandlumsned 12 wuiildan z-score aglunasinisveaay fislz|< 2 uandlviiiu

et URnsuarIneaeuiinuansaluniaaay

8.12 MyUseiiiuAmu ity uAINLYINIBY SANTE 31ndaya method validation lag
Wrdaya within-laboratory reproducibility snduaauliiviueuveenudlifiy 50% (SANTE,
2019) l§naranisnedi 13

A1919% 13 wansrA U linUueuYesEns aflatoxin M; N5EAUANULTLTY 5.0 ng/L

Aflatoxin M, selke e Measure (ng/L) relative bias (%)
(5.0 ng/L)

1 5.0 4.24 -15.20
2 5.0 4.88 -2.40
3 5.0 4.71 -5.80
a 5.0 4.24 -15.20
5 5.0 4.14 -17.20
6 5.0 3.64 -27.20
7 5.0 3.93 -21.40
8 5.0 4.47 -10.60
9 5.0 4.59 -8.20
10 5.0 3.72 -25.60

N 10

mean 4.26 -14.88

SD.Pbias (stdev.p) (%) 7.848

standard dev. Measured (ng/L) (stdev.s) 0.414

RSDWR (%) 9.719

U'(bias) (%) 16.823

U'(precision) (%) 9.719

U'(combined) (%) 19.428 19.428

U'(expanded MU) (%) 38.857

9. agunan1inagau
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Haveansiigataulilavesisnaaey aflatoxin M; Tuthuufiv Lansdsn1snei 14 ety

nuan1siigatanuldlivesisnaaeuil anansadudulainismmeseuil danumunganlunig

NAFaUM aflatoxin M, Tt usau Aewmada LC-MS/MS

M19197 14 asuranisiigatanuldlaveiinaaeu aflatoxin M, Tuthuufu munisdmasane

6 | Precision (Reproducibility)

71.11-94.44 %

no. parameter aflatoxin M; criteria
R = 0.9996
Linearity/Sensitivityu83g13
1 r =0.9998 r >0.99
UINTFIU
(0.25 - 5.00 pg/L)
2 | Matrix effect (%SSE) 103.28 % 80-120 %
3 | LOD 1.00 ng/L -
4 | LOQ 5.00 ng/L -
9%Recovery pE/luyI
70-120 %
Accuracy-Precision 71.11-94.44 %
5
(Repeatability) 9%RSD, aglur
RSD, < 20 %
2.69-9.19 %
%Recovery aglj‘luszm
70-120 %

9%RSD; ag/lutas

RSDys < 20 %

358 - 7.86 %
+ 30 %
7 | lon ratio 8.70 %
(6.09-16.31 %)
+ 0.1 min
8 | Retention time 4.056 min

(3.956-4.156 min)

9 | Proficiency testing

z-score = 0.1

z-score = -0.1

|z score|< 2

Expanded measurement
10
uncertainty

38.857 %

U'(expanded MU) < 50%

10. VDLEAUBDLUL

11. ARANSSNUSZAA
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