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High- Performance Liquid Chromatography-Fluorescence Detector
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MAULUIMUB EURACHEM/2014 fisnannuwsiulnernesaznnsaundu egsening 72.99 -117.87% @
amunfleslnenfesazdruidsauninasgiuduing  dedlailAu 20% wazA1 HORRAT tesni 2 A1la
AUAINITAVRINITATIINUBYTENTN 0.2-0.6  lulasniudenlaniy wazArlnaduaiuisalun1inga
WATiegsening 1.0-2.0 lulasnduseflansy drunisussidiurianuliviveuvesisvegeu TngUsvanu
nAaulinineue1e nuegsening 22,614 - 35.126% nAmTdiwesveInsigatainuldlaves
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Method Validation of Aflatoxins in Soybean meal by High-Performance

Liquid Chromatography-Fluorescence Detector
Somruedee Chubua  Nattida Sueapho’t1 Piyamin Jesoh'  Kraiwut Nualkaw'
Abstract

Accurate and reliable method for determination of aflatoxins (B1, B2, G1 and G2) in
soybean meal has been studied. This method used Immunoaffinity column (IAC) technique for
purification and high-performance liquid chromatography (HPLC) with fluorometric detection
(HPLC-FLD). Aflatoxins were extracted with 80% of acetonitrile, filtered and diluted with PBS. Then,
the samples were purified with IAC before HPLC-FLD. The chromatographic condition for aflatoxins
separation using isocratic elution with water: methanol: acetonitrile (55:45:5, v/v/v) and detected at
the excitation and emission wavelength at 360 and 440 nm, respectively. The method was
validated according EURACHEM/2014 validation guideline. The %recovery of method in the range
of 72.99-117.87%. The precision by %relative standard deviation was less than 20 % and HORRAT was
less than 2. The limit of detection values (LOD) was observed to be between 0.2-0.6 pg/kg and
limit of quantitation (LOQ) were found to be 1.0-2.0 pg/kg. Estimated from the expanded
uncertainty, it was found in between 22.614 - 35.126%. All acceptability requirements based on
the validation parameters which suggests that the approach is appropriate for determination of

aflatoxin B1, B2, G1 and G2 in soybean meal.

Keywords : Aflatoxins , HPLC-FLD , Soybean meal
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ArAndau 1wy 91dden 117lne arsieivoznamendu laewts B1 iusiannuuiniaziiusunsiuss
dniunniiagn F9n19e3An13398R59UR (International Agency for Research on Cancer; IARC) l¢idn

Tiensiiy oznamendu O 1 eglunquussansnenzia group 1 carcinogen uansfianunsaneusissly

uywdld SnnsdanasvuugiAuiuinliimesuiinUniuareramierdiliiinnisnateuglalunyuduasdal
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(Sasiprapa et at., 2021)

aflatoxin G; aflatoxin G,

AN 1 ANLASIES1MALvBIazNamanay (D. Dhanasekaran et at., 2011)

nalnmsineudufivlunisieuzibeves AFBL intuaniinnisadeasumusladfiozney
AsuauRIUILY 71 8 uaz 9 \Andu Snenled (epoxide form) (AFB1-8,9-epoxide form) Insiouled
cytochrome PA50 (CYPA50) fidiu annifu epoxide aAnUff3endu DNA RNA w3e Tusfuderiusslan
wuvt iAmfu covalent adduct Tne covalent adduct Mt uazsUnIUNISYNEINTBS tumor suppression

gene p53 yliARNSIaS Ve LTAALEISY LARIRININT 2
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AnwUasann : (D. Dhanasekaran et at., 2011)
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fnS wunsuidneandlul 2563 fiuTunm 2,605,236 fu Anuduyad 1,000.78 Suvdsyanss edludiou
.. 64 fnsundilud3una 103,053 du Aoy yam 48.08 Aunisyansy

1u{jﬁlﬁgﬁ’uﬁmiﬁmumsﬁummigmmiﬂmﬁauqaqﬂ (maximum  level) Aiassulduesornamen
Fusaw (total aflatoxin) Tunndumdes TaginasiunnsgIumuANAMA M WIERT 1A, 2559 (N5ENT29
\nwmsuavavngol, 2559) uay exwaimendu U1 luingAudwiundnewmnsdni(nindaindes) Insinasived
1773578 EUROPEAN UNION (EU) (Official Journal of the European Union(2006) %t L0032/11) &
Formuadauandlunseil

M13199 1 AnsnaspunulEdeuasasiamenTumasenensensInneas wagavamalsy Tu nnaamides

wazIngAve MRl
SEAUNINIEIUNTUNUgEn
asfiwani@es | nssnsanues (lesnu/Alansn) | avamelsy (ulasniuw/Alansu)
AMngEDg QAU MR (NNAILMABY)
prvamengu 50 -
pzamendu U1 - 20

a ¢ a Y] a Y A o8 Y a ¢ v, ..
nyieszeziamengulunindimaesniewmatiaviliuians (clean-up) lagld immunoaffinity
I A ay Yo I 1 o [} a s a -&J a
column (IAC) Juwmafiafldiusgransrated1nsun1silasgva1siwainidasvantesinlue1misiay
mmﬁmimu%‘%mmgmmaa AOAC (AOAC Official Method 993.31 Aflatoxins in Corn, Raw Peanuts,
and Peanut Butter Immunoaffinity column) lage1ée monoclonal antibodies luaaduy agdusgng
JUNIZLAZAAU antigen Ao ozWamondu Tudlrogeniaula 1ntuazyiinisvy (elution) azWamondy
LA UIATIEIAEWATANITNTIAIA U HPLC %158 LC-MS/MS fiaky (UAUNS, 2555) F9lunisanuinge

814 1AC Bve VICAM 9nnidufosu AflaTest Afvuinredutiu3ans 1 mL U3unas binding capacity v

antibody #ussqluneduy 300 ng 1Wugu AflaTest WB SR @swuiameduslifiandu 3 mlL uay Usua
binding capacity ¥4 antibody ﬁusiﬁﬂuﬂaé’uﬂlﬂu 800 ng wazansavusesvazatedunssildlunis
afasegslifiuTudwunnvoseduy Usinm binding capacity kazAmUEINITVOIRDANUTUNITNUAD
Wharaneduvidiiuty srdmaliiunnurnisuarUssavsnwluniseiouseselina
Tnemsanuiluadaifagldinaiianis clean-up &8 immunoaffinity column lunsimeusiegng
wazATIIANEMALA high-performance liquid chromatography (HPLC) kagn322inmefInsiainvin
WaeaLsalwud SufuwmalianisinIeua1souiius (derivatization) WUU post-column derivatization 6138
Photochemical Reactor For Enhanced Detector (PHRED) wiawfiunnulilunisnsiainesramenduyie

U1 uag 31 (algdns, 2557) wwhnsiigadauldlavedidiiased auwwIniewes EURACHEM Guide,
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(2018) Tpenageun1sdimesnae lawn ANududunsiwensnuInsgIu NansenuINUNIAG (matrix
effect) Ynd1iARTIANU (limit of detection, LOD) IndAAUeIn1TInwgsUsHe (imit of quantitation,
LOQ) AULLLAZANLTIBITeTIRIAT R NTTE LS WU repeatability wae¢ reproducibility Wagn1g
Uszidiurulaiutueuvedisiingsd muwuaviewes SANTE/12682/2019 Liteuandliiiuinisimsnzi

fanaNiANUNNZENAINSUNISNAERU aflatoxins TunndImaDs

1. ¥lATING

nsfigatiaaldlaiaiiaseyt Aflatoxin By, By, G; wae G, lunindimaes saewnaila HPLC-FLD

2.45uiinvau

1. wanaugn Yo A dnnendansudnnig

2. unelgsan d@eolawl Fuwnus dnInendansnisunng
3. weleiiung Jeloe Funus AnInendansnisunng
4. welnsy| wImwn Auvde dniveremansugunnig

3. InQUszasA
\egarauldlaisiiasen Aflatoxin By, By, G Wae G, lunindawiies mewaila HPLC-FLD

o

WinlvidulainisnsiwsginnmunYulikNa A 12N UL a0 e

4. Yauv1e
\engaranuldlaigiiasen Aflatoxin By, B, G, kae G, lunindawdes mewadia HPLC-FLD

AIULUIN9VDY EURACHEM Guide, (2014)

5. Uselgaifianadnazldsy

5.1 Lﬁ@iﬁfﬁ'ﬁ‘]u‘i%mmgm Tun151AT29 Aflatoxin By, By, G, WAy G, Tumndwmdes semaiea
HPLC-FLD

5.2 Wislddurensveutiglunsvenissuses vesiaiaszst Aflatoxin By, By, G, Waz G, Tunini
Wides mewAila HPLC-FLD

a 4

6. \n3asilauas YaginerAans
6.1 \n3edilo
6.1.1 1394 HPLC B9 Water u Alliance 2695
6.1.2 Photochemical reactor ?Jiﬁa Aura, USA
6.1.3 \n3eadaluiimaton 3 fuis 8% Mettler Toledo §u PG 603-S uay Bve
Sartorious §4 BSA623S-CW
6.1.4 Shaker 88 Gerhardt

6.1.5 Vortex mixer 8% Genie U Genie-2
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6.1.6 MicroPipette wu1m 0.5-10 pL, 10-100 pL, 100-1,000 pL ez 500-5,000 pL

6.1.7 Dispensor @9u1m 100 mL

6.1.8 \w3asanUSinaEasavaie Hire Organomation i;u OA-SYSTM

6.1.9 Ultra sonic 8% WIGGENS §u UA22MFD

6.1.10 Junsesansavats Bfe EYELA u A-2S

6.1.11 UV Spectrophotometer v JENWAY i‘u 6850

6.1.12 \n3esannanssngsyuuiulaveduds wiougunsal 8% Vertical ju 24-Port
Manifold
6.2. @5LAL/ANTUINTFIU

6.2.1 @13U1m331U Aflatoxin By, By, Gy oz G, 8% SIGMA-ALDRICH

6.2.2 Acetonitrile AR grade

6.2.3 Methanol HPLC grade

6.2.4 Acetonitrile HPLC grade

6.2.5 tusaanlessuiirnugunulitosndn 182 MO <cm (Deionized water)
6.2.6 Sodium Chloride AR grade
6.2.7 Phosphate Buffered Saline (PBS)
6.2.8 Potassium dicromate
6.2.9 Sulfuric acid AR grade
6.3.10 Nitrogen gas purity 99.99 %
6.3 qunsal
6.3.1 HPLC Column Inertsil C18 4.6 mm X 150 mm , 5 um , ?Jﬁa GL Science
6.3.2 Erlenmeyer Flask 9u1a 125 wag 250 mL
6.3.3 Foudnans
6.3.4 NTIYNTBIF1TALANY
6.3.5 vaeAiUAsId%Ta Polypropylene w1 50 mL
6.3.6 N5¥ANYNTOY Whatman no. 4 3alfiguimin vuadurkuaudnats 18.5 cm.
6.3.7 Rack du5U119vaenliunsing
6.3.8 Glass microfiber (GF/C) 2u1m 110 mm
6.3.9 Syringe Wa@RnuUIA 3 way 10 Naaans vialadliidy
6.3.10 Syringe Filters ¥1a Nylon w119 0.45 um , 13 mm
6.3.11 Aluminium foil
6.3.12 Immunoaffinity column AflaTest WB SR" (Lot no: P101WBSR') e VICAM
6.3.13 HPLC Vial w3aurluag Septum
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6.3.14 nIEUBNANTUIA 1000 mL
6.3.15 Untnasauin 50 mL
6.3.16 Volumetric Flask 911® 100 mL
6.3.17 U39 Duran wiaurinderdusuld Mobile Phase
6.3.18 Disposable Cuvettes
7. A8anums

7.1 fnwnanmzia3es HPLC-FLD fivianzaudmsuiiasizs Aflatoxin By, By, G, Was G,

7.2 ¥N130399@9UAT Linearity Uag Range lAen1siAsnsnansuinggiu Aflatoxin G, uag G,
AULUNTY 0.2, 0.4, 0.8, 2.0, 4.0, 10 uay 20 pg/L Aflatoxin B, wag B; Ansudu 0.1, 0.2, 0.4, 1.0, 2.0,
5.0 war 100 pe/l Avmduduas 3 91 1then Peak Area uazAaududulladennuduiudidadu e
Anwanuduidunss (inearity) lneRa1sanana correlation coefficient (r) uagnAdauyv8INg
Nnaau (range) AesdiAlitoanin 0.990 (AOAC , 2019)

7.3 NAARURAYDY matrix effect NSWSENENTaLA18UINIFIUN Aflatoxin G, kA G; AUTUTY
0.2, 0.4, 0.8, 2.0, 4.0, 10 wag 20 pg/L Aflatoxin B, way B, AMUNTY 0.1, 0.2, 0.4, 1.0, 2.0, 5.0 uay
100 pe/L ludhazans Wisuidsusuluavdndfivasanududussdudentu Fwausamuiamn
dadrumnutuinnsmiinasgiulueming  wazanuduainnsmansgilusiviazats ey

%SSE (Huang et al.,, 2014) fisil

slope (matrix-matched calibration curve)

%SSE = x 100
° slope (standard calibration curve)

7.4 NAEDUMINSINIZNZAY (selectivity) vaditnadeu WHuwmadaiiflarusimedu Aflatoxin
Gy, Gy, Boway By @1u1sauwenyfinvesans Aflatoxins e %Q@Jlé’ﬁm Retention time (RT) wagltannizved
309 HPLC anuianndeu InefuasuInggIu Aflatoxin G 4ae G, fiszaupnududy 2.4, 12.0 uaz 120.0
ug/ke Aflatoxin B,uas B, fisziuanududu 1.2, 6.0 was 60 ug/ke

7.5 iadeuiiom A dinsinvesn1snsaany (imit of Detection, LOD) wag Ins1invesn1snsiain
(limit of quantification, LOQ) lnenaaau sample blank ﬁLaumimmgm Aflatoxin G, uag G, 7isgfu
Aty 1.2 pg/ke Aflatoxin B, wae B,fisssumnudiudu 0.6 pe/ks vnsianegeu 10 91 twadi
lourAwIniAn  Standard deviation (Sp) waAWIMMIAT LOD 910 35, WaxAl LOQ @1n 105,
(Eurachem, 2014)

7.6 M3tuduadaininvesn1sngiany (imit of detection, LOD) lagifinansunsgiu Aflatoxin
Gy, Gy, B, W8y B AMALNTU 0.6, 0.6, 0.2 hay 0.2 pg/kg Mmuannu adlusiegne sample blank (nn

gunded) W 10 9 hedsnaaeunansaaeulvigIeaudygnvesiia lagan signal/noise fiall

AkiteenIn 3 (EU, 2002)
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7.7 M3BUSUAITNINNAVDIN1TRTITA (limit of quantification, LOQ)
mMsnadeuLiiodudusn LOQ Inemadeu sample blank ﬁ@um'ﬁmmgfm Aflatoxin G,, G;, B,
Wag B, ANMULTNTU 2.0, 2.0, 1.0 uag 1.0 yg/kg MUAIAU YIANIDNA@BUIIUIL 10 F1 UEIFILIYAN
YouaznsAuNdy (%recovery) Bgszming 60-120%, fesavdruidoauusnnsgIudining (Gerelative
standard deviation, %RSD) lagnausin1seausu %RSD < 20 % (AOAC, 2019)
7.8 MIVAdBUANLTIES (precision)
34A51294 sample blank (Mndawdes) ﬁ@umsmmgm aflatoxin G, way G, AsydumIMTLTY
24, 12.0, waz 120.0 pg/ke aflatoxin B, waz B, #szsuamudutu 1.2, 6.0, waz 60.0 pg/ks A
duduar 10 91 1AEnedeuiontu insesdedisafuuaz ety (Method  Repeatability) usi&nsing
iningivieraiuiiiased (Method Reproducibility) kéduammesesazdrudeauuinnsgiu
&g Gerelative standard deviation, %RSD) Taennauinistensu meluiuidiesizei (intraday, %RSD, ) WAz
SEINUNIATIZAUALILNINITUIATIEN (interday, %RSDg) A %RSD < 20 % NTUFALIAT HORRAT
Tneinawinseeusu HORRAT #ilddeosfianliiiAin 2 (AOAC, 2019)
7.9 MINAGDUANULLIUTDINITNAZDU (accuracy)
34p51294 sample blank (Mndwdes) ﬁLﬁmmimmgm aflatoxin G, way G, AiseRuAuTNTy
24, 120, waz 120.0 ug/ke aflatoxin B, waz B, fisvduamududu 1.2, 6.0, waz 60.0 po/ke AW
Wuduay 10 81 udrdwauman $esazn1siundy (Yerecovery) danasi % recovery Tiueniudioeg
Tutae 60 - 120% (AOAC, 2019)
7.10 nsUszanamaulidudueu (uncertainty)  @nansaussiiuanulidudusulaaindeyasin

method validation Tud@iuwes intra-laboratory s within-laboratory reproducibility Ing@asaiuamain

[

aunns Mnail

- ANSANUIUMIANUA D EIELTNS (relative bias)

measured concentration - spiked concentration x 100 %

relative bias =
spiked concentration

[

- MsUsERAN kiU LEBUNINTFINIINANNGLBEY; U'bias) @nansaduindaaingns fadl

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

[

- MsUsERA1AL LN UINATIINAINNNTYINGY; U'(precision) a@nansauindlaanngns fadl

U'(precision) = RSD,g = SD
X
NAUATIVADUANA MO TN drlnevaeuRu nduAUadn nsuuAdn
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[

-M3UszanaatAuliviueusIy; Ulcombined) ansadwinilaaingns Al

U'(combined) = V(mean g~ + (SD.Ppas)” + (RSDyp)

-NsUszanALlikiueuene; Uexpanded lnggaiA1 Ucombined) e coverage factor, k = 2 i
syiueadesiy 95% annsndunaildangns il
U'(expanded) =  kx U'(combined)
mn%’ayjaﬁménﬁiﬁagamﬂ method validation agfiarsaunaInnIsUsEanaaIALlailiyeu
sumaé’m%’ﬁ%maawaqﬁawﬁﬁﬁms%qﬁaﬂmﬁu 500% fevzUsvenldiiannaeumINay (SANTE,
2019)

8. NaN1TNNaaY

8.1 JNNANSANYANILLAIBY HPLC-FLD d9isudmsnest Aflatoxin By, By, G wae G,
a
AIUATTIN 2

715199 2 wane HPLC Conditions @115UWAS1¥9 Aflatoxin By, By, Gy wa G,

Parameters Conditions
HPLC System Water Alliance 2695 with Multi-Fluorescence Detector 2475
Column Inertsil ODS-3, 4.6 mm X 150 mm , 5 um
Post-column derivatization ~ Photochemical reactor
Mobile phase water: methanol: acetonitrile (55:45:5)
Elution mode Isocratic elution
Flow rate 1.0 mL/min
Injection volume 100 pL
Run time 18.00 min
Fluorescence Detector excitation wavelength = 360 nm, emission wavelength = 440 nm
NAUATIVADUANA MO TN drlnevaeuRu nduAUadn nsuuAdn
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8.00

E— s

i

10.00

Minutes

A 3 lasanlnunsy (chromatogram) Yeda15uI93§ 14 Aflatoxin Gy, Gy, B, bae B,

-

B1-11.171

===

1200 14.00 16.00 18.00

NTLAUANIUTNTY 1 pg/L

70.00 b e
m
3 o
60.00— 0 <{I
@
5000 ? 1
g | .
_ 4000 ‘ @ || 3
o] - | =
30.00 ‘ o | 3
‘ I | B
2000 ‘ ||| II"'|I
‘ L]l | \ I
10.00 o |I I| |I &
1 1
0.00 S J’I k“x_-—h_.l ll / |\_,_/| '-___,_JII L
0.00 200 400 6.00 BOD 1000 12,00 W0 16 18.00
Minutes

A # 4 Tasunlnunsy (chromatogram) w89 Aflatoxin Gy, Gy, B, kag B, Tun1nanaed
PN Y]

NszAuANUTNTU Aflatoxin G, Wag G, 120 pg/kg Aflatoxin B, waz B, 60 pg/kg

8.2 ANWATBININAAOUNITANATUNIFIUY Aflatoxin By, B, Gy waz G, wazadraduns
1P5g1U (calibration curve) 71 6 sedumadudu iienaaeuamdudunse Tagfiansananed
correlation coefficient (r) Tnennasiniseexsuliitiosndt 0.990 nuiregluinasifiseusy
(AOAC, 2019) ANUANTI93
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A15199 3 ARABURY slope, intercept Wag correlation coefficient (1) Yoo lATIEY Aflatoxin Gy, G; B,

uay B,
No. aflatoxin Slope (Peak area, ug/L) Intercept r
1 AFG, 5,975,925 232,528 0.9999
2 AFG, 2,482,626 52,212 0.9999
3 AFB, 13,574,631 414,229 0.9999
q AFB;, 6,061,300 209,765 0.9999
Aflatoxin G2 Aflatoxin G1
140000000.00 60000000.00
120000000.00 50000000.00
g 100000000.00 'g 40000000.00
£ 80000000.00 %
e £ 30000000.00
5 60000000.00 i
(] W e
2 40000000.00 y = 5,975,925.4345x - & e y= 2;423;'1512;3;55813" 3
232,527.5182 ! 3
20000000.00 S fess 10000000, 00 r2=0.9999
000 =1 ando 000 r=0.9999
0.00 5.00 10.00 15.00 20.00 25.00 0.00 5.00 10.00 15.00 20.00 25.00
Concentration (ug/L) Concentration (pg/L)
Al 5 nsuansPLENTUSTEIINg Al 6 nsuanELEITUS TN
Peak area Way. AIANUINTUVBIENT Peak area WayANANUTUTIUVBIENT
1M55U Aflatoxin G, TiseiunIy 155 Aflatoxin G, Tszfua
Wudu 0.2 - 20 pg/L Wadi 0.2 - 20 pg/L
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Aflatoxin B2

160000000.00
140000000.00
__120000000.00
(%]
& 100000000.00
=
E  80000000.00
§ 60000000.00
< 40000000.00 y=13,574,631.4097x -
' 414,229.3608
20000000.00 2 =0/0598
0.00 r=0.9999
0.00 5.00 1000 1500

Concentration (pe/L)

a o o &
AN 7 ATINLEARIANNTUNUS
¥ Peak area warAIANNINTUY
YBIAIUINIFIU Aflatoxin B, Aisgsiu

ALY 0.1 - 10 pg/L

Area (mV*sec)

Aflatoxin Bl
70000000.00
60000000.00
50000000.00
40000000.00

30000000.00

20000000.00 y =6,061,299.8643x -
209,765.2250
r% = 0.9999

r=0.9999
0.00 5.00 10.00 15.00

10000000.00

0.00

Concentration (ug/L)

= o & '
AR 8 NIMLERIANUFURUSTENING
Peak area WagAIAIUYUIUVDIENT

UM Aflatoxin B, iszAuam

Wt 0.1 - 10 pg/L

8.3 NKNANISNAFDUNANTENUINUNSING  LagUseiiuaA %SSE  F9AIUININNANEIUYDINARN

seninANtuInATIIIessIuluEng AU anuduainnsmiiinsgiuluivhagaty  Iaefiansaned

%SSE Bsagluinasi 80-120 % Fsfiednnaves matrix effect aglusziufisansu (SANTE, 2019) fams1sil 4

mswﬁ 4 L@n3A1 %SSE U89 Aflatoxin G,, Gy, Bllag B,

No. aflatoxin %SEE
1 AFG, 104.24
2 AFG, 94.35
3 AFB, 91.76
4 AFB, 82.81
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8.0 PMNANTIVIAFBUANLS LG (selectivity) Tofisvngeu Fenansanlaannei Retention time (RT) vosiia
183 sample blank NixEs3e55 1 Aflatoxin Gy, Gy, B, W By lnevnAn@ewes Retention time likad w3195

A131991 5 LanaA1 retention time ¥83 sample blank NAsasuesg U Aflatoxin G, Gy, B, wa B,

Concentration Retention time Aflatoxins (min)

(ug/kg) AFG, AFG, AFB, AFB,
syl 1 6.82 7.98 9.29 11.13
seduil 2 6.81 7.97 9.28 11.12
szl 3 6.83 7.99 9.30 11.14
Average 6.82 7.98 9.29 11.13
SD 0.007 0.007 0.008 0.010
9%RSD 0.096 0.093 0.091 0.094

8.4 NNANTNAFDULNEWIAN sample blank ‘ﬁlﬁmmﬁmmgm Aflatoxin G,, Gy, B, W@y B; Wa?
AU LOD wag LOQ Lanandnsnadn 6

A3 6 MN3ENIAT sample blank 7ANE1sNIMIFIU Aflatoxin Gy, Gy, B, Wag B,

$1uaueh aanduduiiiale (ug/ke)
AFG, 1.2 pg/ke AFG; 1.2 pg/ke AFB, 0.6 pe/ke AFB; 0.6 pe/kg
1 134 1.09 0.47 0.71
2 1.03 1.20 0.49 0.64
3 1.08 1.19 0.54 0.74
4 1.17 1.08 0.53 0.66
5 1.04 1.11 0.46 0.80
6 0.93 1.12 0.44 0.62
7 145 1.07 0.45 0.67
8 134 1.08 0.44 0.62
9 141 1.14 0.42 0.63
10 1.05 1.01 0.45 0.67
Average 1.18 1.11 0.47 0.68
SD (So) 0.18 0.06 0.04 0.06
n 1.00 1.00 1.00 1.00
Sy’ 0.18 0.06 0.04 0.06
LOD (35,) | 0.56 ~0.60 0.18 ~ 0.60 0.12 ~ 0.20 0.18 » 0.20
LOQ (10S,) | 1.86 ~ 2.40 0.60 ~ 2.40 0.40 ~ 1.20 0.60 ~ 1.20
NAUATIVADUANA MO TN drlnevaeuRu nduAUadn nsuuAdn
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8.5 MsVnABUIBE USUANTIAINNATBINSATIANU (imit of detection, LOD) hamINanImns e 7

A5197 7 ANSI9LEARINANSNAZIUNISEUTUAT LOD

ﬂ%ﬂﬁ Signal/noise
AFG, 0.6 ug/ke AFG;, 0.6 ug/ke AFB, 0.2 pg/kg AFB, 0.2 pg/kg
1 20.84 6.67 10.67 3.35
2 15.19 5.01 6.92 3.02
3 17.25 5.13 8.01 3.38
4 14.95 4.56 7.64 3.00
5 28.09 8.48 12.66 4.61
6 19.67 6.04 7.94 3.17
7 22.33 6.42 9.39 4.84
8 16.54 4.33 6.85 3.12
9 22.90 6.31 10.25 3.18
10 23.42 7.00 10.88 4.27
Average 20.12 6.00 9.12 3.59

91nA1 LOD 983d15 Aflatoxin G,, Gy, B, Wag B; WuU11A1 signal to noise HAMNINNTINTOVNNY 3

?fﬁagﬂummeﬁﬁﬁmum (EU, 2002)

12
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8.6 NMsvAdaUNoB UTUA IR IATDINIMTIIA (imit of quantification, LOQ) Asuandlumssi 8

A15197 8 AN 1LERAINANITNAEBUAT LOQ

Recovery data
$1uaue AFG, 2.0 pg/kg AFG;2.0 pg/kg AFB, 1.0 pe/ke AFB; 1.0 pg/ke
Conc. | %Recovery | Conc. | %Recovery | Conc. | %Recovery | Conc. | %Recovery

1 2.23 111.25 1.82 85.40 1.03 99.13 1.06 102.21

2 1.91 95.70 1.33 62.39 0.76 73.17 1.12 107.60

3 1.91 95.50 1.47 69.01 0.73 70.48 1.10 106.15

4 1.89 94.25 1.40 65.59 0.79 75.48 1.09 104.42

5 2.09 104.50 1.68 79.06 0.93 89.13 1.16 111.63

6 2.07 103.65 1.92 89.91 0.66 63.46 1.14 109.90

7 2.09 104.40 1.77 83.10 0.66 63.27 0.98 94.23

8 1.87 93.70 1.38 64.88 0.75 71.92 1.02 98.27

9 2.08 104.00 1.83 85.92 0.64 61.15 1.10 105.77

10 2.13 106.55 1.76 82.82 0.63 60.87 1.04 99.62

Average 2.03 101.35 1.64 76.81 0.76 72.81 1.08 103.98
SD 0.12 - 0.22 - 0.13 - 0.06 -
%RSD 5.99 - 13.35 - 17.31 - 5.22 -
Horwitz equation | 27.25 - 28.14 - 31.59 - 29.96 :
HORRAT 0.22 - 0.47 - 0.55 - 0.17 -

31nA1 LOQ 209a15 Aflatoxin G,, Gy, B, Uag By WA %recovery 8gU39 60-120% uay %RSD < 20%
Feogluinausiviinmun (AOAC, 2019)
8.7 MINAEUAILLTIES (precision) kagAI1ULLIU (accuracy)

nAdUANILTIBweIIEVaaeU (method repeatability) LazAa1uuiiU (accuracy) lagin sample
blank m@mmimmgm Aflatoxin G, wag G, ﬁﬁzﬁummﬁwﬁu 2.4, 12.0 wag 120.0 ug/kg Aflatoxin B,
way B, Mszdumududu 1.2, 6.0 way 60.0 peke AMUELTUaL 10 61 WEWhmuTunouiEnaaey e
Wudwa&ﬂumm%ﬁﬂau%’u Tnee %RSD, neluiufitiasnest (with-in day) destieeniiviawindu 20% way
%recovery faegluIe 60-120% dduinaigin1seausu HORRAT Pladosfialaiiu 2 (AOAC, 2019)

1% Y = =
lmau,ammmmw 9 hag $15°199 10

12
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mswﬁ 9 @1 %recovery, %RSD,, PRSD, ag HORRAT, 984 AFG, Wag AFG,

Spike
analytes
level
(pg/ke) Aflatoxin G, Aflatoxin G,
%recovery | %RSD, PRSD, HORRAT, | %Recovery | %RSD, PRSD, HORRAT,
24 106.68 3.22 26.31 0.28 100.08 7.33 26.57 0.12
12.0 117.87 0.98 20.35 0.05 117.22 1.16 20.36 0.06
120.0 117.05 0.91 14.40 0.06 117.33 1.70 14.40 0.12
m’a"m’?'i 10 A" %recovery, %RSD,, PRSD, iag HORRAT, w83 AFB, way AFB,
Spike
level analytes
(pg/ke) Aflatoxin B, Aflatoxin B,
%recovery | %RSD, PRSD, | HORRAT, | %Recovery | %RSD, | PRSD, | HORRAT,
1.2 88.41 9.42 30.90 0.30 72.99 12.52 30.05 0.42
6.0 77.66 8.27 24.04 0.34 73.48 9.74 24.24 0.40
60.0 90.7 3.15 16.61 0.19 92.48 4.02 16.56 0.24
8.8 NMAABUAINTIES (intermediate precision)
NAFOUAIILT B BIIBIATIZAUUUNISING] (intermediate  precision)  438naaeuiiefiu

3esiianeany Inedndasie 2 AU LaraeTuiiasIey (method  reproducibility )  laaudl sample

blank m@mmimmgm Aflatoxin G, wag G, ﬁﬁzﬁummﬁwﬁu 2.4, 12.0 wag 120.0 ug/kg Aflatoxin B,

WA B, NszAuAdudu 1.2, 6.0 uay 60.0 pykg uahmutuneuisnagey Fenuitegluinueinyeusu

1AuA1 %RSDR TeWINTTUNIATIZH (with-out  day) FOIllesnIMUTOWINAY 20% waz LAMIINISEONSU

HORRAT #ilagoaiiAnlaliiu 2 (AOAC, 2019) laHauanIfemsei 11 uay 12
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A15797 11 9%RSDs, PRSDs W@ HORRAT, w83 AFG, Uz AFG,

Spike
level analytes
(pg/ke) Aflatoxin G, Aflatoxin G,
%RSDy PRSDy HORRAT, %RSDg PRSDy HORRAT,
2.4 3.80 39.18 0.10 6.39 39.56 0.16
12.0 1.54 30.39 0.05 1.64 30.41 0.05
120.0 1.52 2151 0.07 1.89 21.50 0.09
A1519% 12 %RSDs, PRSDg Waz HORRAT: 289 AFB, Uaz AFB,
Spike
analytes
level
(ug/ke) Aflatoxin B, Aflatoxin B,
%RSDg PRSDg HORRAT, %RSDy PRSD, HORRAT,
12 10.02 45.89 0.22 13.24 45.17 0.29
6.0 8.75 35.99 0.24 9.22 36.30 0.25
60.0 3.61 24.85 0.15 4.81 24.79 0.19
NAUATIVADUANA MO TN drlnevaeuRu nduAUadn nsuuAdn
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8.9 M3UsziiuAIAulilUUUMNKLINIIYBY SANTE 9nUaya method validation lagndeya
within-laboratory reproducibility snfuiaiaulintiueuaeignuItlidiiu 50% (SANTE, 2019) asil

A15199 13 uansriAulluiueuTesans aflatoxin B; ASEAUAMIINTY 60pg/kg

AFB1 Spike Level(60pg/ks) Measure (ug/kg) relative bias (%)
Staff#l 1 60.0 5293 -11.78
Staff#l 2 60.0 56.34 -6.10
Staff#l 3 60.0 54.38 -9.37
Staff#l 4 60.0 53.19 -11.34
Staff#l 5 60.0 55.84 -6.93
Staff#l 6 60.0 53.60 -10.68
Staff#l 7 60.0 55.33 -1.79
Staff#1 8 60.0 55.31 -7.82
Staff#1l 9 60.0 60.16 0.26
Staff#1 10 60.0 57.81 -3.64
Staff#2 1 60.0 50.53 -15.79
Staff#2 2 60.0 57.25 -4.58
Staff#2 3 60.0 51.96 -13.41
Staff#2 4 60.0 50.99 -15.02
Staff#2 5 60.0 52.24 -12.93
Staff#2 6 60.0 51.83 -13.62
Staff#2 7 60.0 52.64 -12.26
Staff#2 8 60.0 52.08 -13.20
Staff#2 9 60.0 57.13 -4.78
Staff#2_10 60.0 56.76 -5.41

N 20
mean 54.41 -9.31
SD.Pbias (stdev.p) (%) 4.251
Standard dev.measured (ug/kg)
(stddev.s) 2.617
RSDWR (%) 4.809
U'(bias) (%) 10.234
U'percision 4.809
U'combine (%) 11.307 11.307
U'expanded (%) 22614
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A15197 14 LanernAuliluueuYeeEns aflatoxin B, N158AUAMMINTY 60 pg/ke

AFB2 Spike Level(60 pg/kg) Measure (ug/kg) relative bias (%)
Staff#l 1 60.0 51.98 -13.37
Staff#l 2 60.0 57.06 -4.90
Staff#l 3 60.0 52.22 -12.97
Staff#l 4 60.0 54.21 -9.65
Staff#1 5 60.0 54.15 -9.76
Staff#l 6 60.0 55.04 -8.27
Staff#l 7 60.0 53.13 -11.45
Staff#l 8 60.0 55.61 -7.33
Staff#1 9 60.0 54.31 -9.49
Staff#1 10 60.0 56.70 -5.49
Staff#2 1 60.0 50.51 -15.81
Staff#2 2 60.0 54.79 -8.68
Staff#2 3 60.0 50.94 -15.10
Staff#2 4 60.0 52.09 -13.19
Staff#2 5 60.0 51.04 -14.93
Staff#2 6 60.0 53.45 -10.91
Staff#2 7 60.0 51.29 -14.51
Staff#2 8 60.0 53.41 -10.98
Staff#2 9 60.0 55.10 -8.17
Staff#2_10 60.0 55.34 -1.07

N 20
mean 53.62 -10.64
SD.Pbias (stdev.p) (%) 3.346
Standard dev.measured (ug/kg)
(stddev.s) 1.934
RSDWR (%) 3.608
U'(bias) (%) 11.150
U'percision 3.608
U'combine (%) 11.720 11.720
U'expanded (%) 23.440
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A15197 15 uanerAulailuueuresans aflatoxin G; NSEAUAMINTIY 120 pg/ke

AFG1 Spike Level(120 pg/kg) Measure (ug/kg) relative bias (%)
Staff#l 1 120.00 141.92 18.27
Staff#l 2 120.00 142.28 18.57
Staff#l 3 120.00 141.87 18.22
Staff#l 4 120.00 140.98 17.48
Staff#1 5 120.00 141.87 18.23
Staff#l 6 120.00 134.54 12.12
Staff#l 7 120.00 141.38 17.82
Staff#l 8 120.00 139.14 15.95
Staff#1 9 120.00 141.39 17.82
Staff#1 10 120.00 142.56 18.80
Staff#2 1 120.00 137.01 14.17
Staff#2 2 120.00 141.57 17.97
Staff#2 3 120.00 141.84 18.20
Staff#2 4 120.00 140.34 16.95
Staff#2 5 120.00 134.04 11.70
Staff#2 6 120.00 141.87 18.22
Staff#2 7 120.00 140.45 17.04
Staff#2 8 120.00 140.26 16.88
Staff#2 9 120.00 139.42 16.18
Staff#2_10 120.00 135.42 12.85

N 20
mean 140.01 17.33
SD.Pbias (stdev.p) (%) 2.151
Standard dev.measured (ug/kg)
(stddev.s) 2.649
RSDWR (%) 1.892
U'(bias) (%) 17.461
U'percision 1.892
U'combine (%) 16.916 17.563
U'expanded (%) 33.832
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A15197 16 LanerAuliluueuYeeEs aflatoxin G, NSTAUANMINTY 120 pg/ke

AFG2 Spike Level(120 pg/kg) Measure (ug/kg) relative bias (%)
Staff#l 1 120.00 139.19 15.99
Staff#l 2 120.00 139.87 16.56
Staff#l 3 120.00 141.41 17.84
Staff#l 4 120.00 138.04 15.04
Staff#1 5 120.00 141.45 17.88
Staff#2 1 120.00 140.72 17.27
Staff#2 2 120.00 139.67 16.39
Staff#2 3 120.00 140.38 16.98
Staff#2 4 120.00 141.69 18.08
Staff#2 5 120.00 142.14 18.45
Staff#l 1 120.00 136.02 13.35
Staff#l 2 120.00 139.32 16.10
Staff#l 3 120.00 135.31 12.76
Staff#l 4 120.00 140.01 16.68
Staff#1l 5 120.00 136.41 13.67
Staff#2 1 120.00 142.48 18.73
Staff#2 2 120.00 137.23 14.36
Staff#2 3 120.00 141.76 18.14
Staff#2 4 120.00 141.38 17.82
Staff#2 5 120.00 140.69 17.24

N 20
mean 139.76 16.47
SD.Pbias (stdev.p) (%) 1.729
Standard dev.measured (ug/kg)
(stddev.s) 2.129
RSDWR (%) 1.523
U'(bias) (%) 16.556
U'percision 1.523
U'combine (%) 16.626 16.626
U'expanded (%) 33.252
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9. agUNANIINAADY

Haveansiigataulilavesisnaaau Aflatoxin Gy, Gy, B, Waw By TUNINGINERY LaRIRINITIT
17 faduannuanisiigavanuldlivesisnaaeuil anansedudulainitmmeaeutl danumungalunig
nageum Aflatoxin G,, Gy, B, kae B, Tuninaudes mewaia HPLC-FLD

WEAIAINTIN 17 asuranisigatanulilaveitnageu aflatoxins luninaawmdes mumsdnesens

No. | Parameter AFG, AFG, AFB, AFB,
1 | Linearity uav range r = 0.9999 = 0.9999 r = 0.9999 = 0.9999
VDNFITUINTFIU r=0.9999 r =0.9999 r=0.9999 r=0.9999
(0.2 - 20.0 pg/L) (0.2 - 20.0 pg/L) (0.1 - 10.0 pg/L) (0.1 - 10.0 pg/L)
2 Matrix effect (%SSE) 104.24 94.35 91.76 82.81
3 | Precision HORRAT, aglus HORRAT, aglus HORRAT, aglus HORRAT, aglus
(Repeatability) 0.05-0.28 0.06 - 0.12 0.19-0.34 0.24 -0.42
(2.4 - 120.0 pg/ke) | (2.4 - 120.0 pg/kg) (1.2 - 60.0 pg/ke) (1.2 - 60.0 pg/ke)
4 | Precision HORRAT, HORRAT HORRAT, HORRAT
(Reproducibility) 0.05-0.10 0.05-10.16 0.15-0.24 0.10 - 0.29
(2.4 - 120.0 pg/ke) | (2.8 - 120.0 pg/kg) (1.2 - 60.0 pg/ke) (1.2 - 60.0 pg/ke)
5 | Accuracy % Recovery a¢/lugae | % Recovery agllutae | % Recovery ag/lugas | % Recovery aglugag
106.68 - 117.87 % 100.08 - 117.33 % 72.99 - 90.73 % 73.48 - 92.48 %
7 | LOD 0.6 pg/ke 0.6 pg/kg 0.2 pg/kg 0.2 pg/kg
8 | LOQ 2.0 pg/ke 2.0 pg/kg 1.0 pg/ks 1.0 pg/ke
9 | Expanded
measurement 33.252 % 33.832 % 22.440 % 22614 %

uncertainty
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12. 1BNE1591999

ATENTINEATHAZANNTEL. 2559, USenANSENsanensuazannsal 1309 Muundnvazainsdns
\HouANAW W.A. 2559 T19RIYUNYY, 1L 133 meufie 99 4, ni1, 3 WeuAIAL 2559

NTUATINTATENINUTEIA. Toyanindaimdesiinn 2304.00.90. [eeulal] linlén
https://api.dtn.go.th/files/v3/5f719d3eefd14057c85bdecc/download

Aflatoxin B1, B2, G1 uaz G2 Ai3Usenn 4¥3e, Usensal a1ag, sunil udlyey, U131 aaunaars, ”g?m’é

AuaAnNa. 2560. N13ATID
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9(1): 1-9.

Sy A58 imudena. 2012, LU%EJ‘ULﬁauﬁﬁmiaﬁ'ﬂazwmman%uﬁwﬁaswdwaﬁ'ﬂé’qaﬁq@ﬂsﬁ’waau,%a
AUNIENAAIBAINIAZANY. 11TETIIWAKL. 29(1) : 42

939w aduly. 2546. navasazWananPul 1aeUanlauneluadind. awal | AMENININTETTUYIA.
UNTINGIADEIVAIUATUNS. 14-15.

AOAC Official Methods of Analysis, (2019). Guidelines for dietary supplements and botanicals.
Appendix K, P.7.

D. Dhanasekaran, S. S., N. Thajuddin, A. Panneerselvam. (2011). Aflatoxins and Aflatoxicosis
in Human and Animals.

EURACHEM Guide Second Edition (2014). The Fitness for purpose of analytical methods:

A Laboratory guide to method validation and related topics.

EURL for Residues of Pesticides, (2020). Analytical quality control and method validation
procedures for Pesticide Residues Analysis in food and feed. Document No.
SANTE/12682/2019.

European Commission Decision 2002/65/EC 0f 12 August 2022 Implementing council
directive 96/23/CE concerning the performance of analytical method and

the interpretation of result. Office journal of the European communities. 2002 L221/8.

Julius Albert, Camilla A. More, Niklaus R. P. Dahlke, Zacharias Steinmetz, Gabriele E. Schaumann,

L 12

NAUATIVADUANA MO TN drlnevaeuRu nduAUadn nIuUAFR

N 24 970 26


../../../../../../Downloads/การพิสูจน์ความใช้ได้ของวิธีวิเคราะห์%20aflatoxin%20(2).docx#_Hlk98889185

and Katherine Munoz (2021). Validate of Simple and Reliable Method for the Determination
of Aflatoxins in Soil and Food Matrices, P.18687.

L.C. Huang, N. Zheng, B.Q. Zheng, F. Wen, J.B. Cheng, RW. Han, et al. (2014). Simultaneous
determination of aflatoxin M1, ochratoxin A, zearalenone and alpha-zearalenone in
milk by UHPLC-MS/MS. Food Chemistry, 146, 247.

Vicam AflaTest WB SR' Instruction Manual. (2021). AFLATEST HPLC Procedure For Wheat, Oats,
other Grains, and Feed, P.10

NAUATIVADUANA MO TN drlnevaeuRu nduAUadn nIuUAFR

N 25 970 26



