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Analysis and Risk Assessment of Aflatoxin M, in Infant Formula

YoungWoon Kang, Jeong-Eon Song, Junghyuck Suh, Sung Kug Park, and Meehye Kim*
Food Contaminants Division, Food Safety Evaluation Department, Ministry of Food and Safety

Abstract To analyze aflatoxin M, (AFM,), we dissolved infant formula in warm water and cleaned it by using an
immunoaffinity column (IAC). The amount of AFM, was determined by high-performance liquid chromatography coupled
with fluorescence detection. AFM, was detected in 281 of 439 samples. Thus, the detection rate of AFM, was 64.0%. The
average concentration of AFM, in positive samples was 2.6 ng/kg (of prepared formula). The estimated daily intake (EDI)
of AFM, through infant formula was 0.087-0.646 ng/kg body weight/day and the additional number of cases of liver cancer
associated with exposure to AFM, would be 0.003-0.020 cancer cases/1,000,000. Because there is less than 1 cancer case/
1,000,000 per year, the exposure to AFM, through infant formula in Korea is considered to be an unlikely human health

concern.
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CHEAIZ
ol 55T de B4 9 AR WY olZEEA M,
LFEES votaly] sl A E-(modified milk powder) 142

A, 2473718 ZAE-R(modified milk powder for follow-up) 6871,
474718 ZA2] (follow-up formula) 9671, G-Fol8 FF2A4
(cereal based food for infants and young children) 5171, %3¢}
4 5ZA| 4 (special medical purpose for infants and young
children) 177, JoF& ZA|4(infant formula) 671, 7€} 3-f-o}2]
(other foods for infants and young children) 5974 57]3%k0]
e AFSE F 43971 75t oFEHEA M & 48T

AlgF & J17

oFEEEA M, EFZEZ 10pug/mL (Supelco, Bellefonte, PA,
USA; purity 99%)2 7-943+] HPLC grade$ acetonitrileS ©]-&
St 1 pugml SEF A|Zste] YARASHHEA stock solution®
2 AL o] EEAAS acetonitrileC . 3]4]51o] AL
o} B AFo|A = acetonitrile (Merck, Darmstadt, Germany),
methanol (Merck)S AHS-3FSL, AAE $¢ A3 4H
(immunoaffinity column)< AflaM Test (Vicam, Milford, DE,
USAYE ARSIt B3t AW ASe 98 SEE=2(CRM,
certified reference material)?] =7 3 (ERM-BD283, Munich,
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Fig. 1. Chemical structure of aflatoxin M,.
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Fig. 2. Procedure for detection of aflatoxin M, of powdered milk.

Germany)2 A8} T}

AESHe| =H|

AE 10gE AZst 40°CY 25 100mLE H7lst] 107 5
QF RE[EuRE o]8sle] #ds) sixdth 43t $ 4°C, 10,000xg
oA 1087 YRS 5] AWUSS AASH] 918l Whatman
No. 4 (Whatman™ Maidtone, Kent, UK)Z of3}3}3, o 7}
50mLE oFEEFEAl Mol Selgt A& 2t Sl WYzlsg
ZHIACKR] AflaMTest™ & ©]-&3te] 2 & WA AHdst
AZ1EA BABIET olFlo] 4AE] WA FF5 20mLE 7}
3to] Al 3}aL, acetonitrile 4 mLE FU3F ol FHEA M2 &
EAAT AAANEE 50°ColA FasEHF ol 8 (25% ace-
tonitrile) 200 L2 E3IAIZ] AL AlFEH 22 SISATHFig. 2).
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o}l ZTEAS AFREAEY] 8] Ultimate 3000 HPLC system
(DIONEX, Sunnyvale, CA, USA)YS AR5} 3, Chromeleon X2
ae g deoly A E %tk oFZFEEL Mo EEE Sl
C,Z™(SIT, Kyoto, Japan; 4.6x250mm, 5um)S ©]-&3}5 oM,
o] 5381l = acetonitrile : waters 25:75 (viv)¢] HIER Egete]
ARSIt 2Rl FEd B AR FYL2 S0uly FYeh,
452 1 mL/min® =2 A8l #2350} B o254l M,

Table 1. HPLC conditions for analysis of aflatoxin M,

Parameters Conditions
Instrument DIONEX Ultimate 3000 HPLC system
Detector DIONEX RF 2000 fluorescence detector
Column SP” column C4 5 pm (4.6x250 mm ID)
Mobile phase Acetonitrile : Water =25:75 (v/v)
Flow rate 1.0 mL/min
Column temp. 35°C
Injection vol. 50 uL
Excitation wavelength 365 nm
Emission wavelength 435 nm

Table 2. Operation conditions of LC/MS/MS for aflatoxin M,
analysis

Parameter Conditions

Column SP column C18 5 pm (2.0x150 mm 1.D)
A: 2M ammonium formate in water

Mobile phase (gradient) B: 2M ammonium formate in 95%
acetonitrile

Flow rate 0.3 mL/min

Injection vol. 10 uL.

Ionization ESI positive

Source temp. 330°C

Sheath/Auxilary gas pressure 40/20 psi

Q1/Q3 329/259, 329/273

Collision energy 10V

Tube lens offset 0V

Ionization mode SRM (Selected Reaction Monitoring)

AES S8 FEFHEVIEFFIT 365nm, A719F 435 nm)2
EA35 tH(Table 1). HEE AEE FHEA7|(LC/MS/MS)Z
Table 29} 72+ 2710 A8t ofZEtE4Al Mo o7& A
el st

AEH AFE 18 ZARRl oS4 ME 0.0125, 0.025,
0.05 pg/l FEZ H7MAA AP ZAGHo| wat X2 staL
HPLCZE #4138l 3]5&S 43I0t B8, $dg oz
AZHFED EHA41F(ERM-BD283, 111+18 ngke)S &3}
AYEE RIS 283, Bfel AFEe] olZeEA M
A7vstal Al ete] Al faH(signal to noise)’t 31 HESH
A(LOD, limit of detection)2} 1021 A ZFFA(LOQ, limit of
quantitationy= -3t t}.

oMY HIt

JA=ETF 2SS 98l 2 Avde] RUER A5} AlF
AHEEAIY el TS Elste] AR AFAHATE A
£3190oH, dfole] A HF AT 20079 tghiol}
gajoA] Ee St Aol BEXE FEEITh dEE |
Q FHAFEDI, estimated daily intakeye TR 7+ 2]S
o]g-3le] AxtsiAt.

A5 19 FHAHHT (ngkg bwiday)

B 2 (ngkg) x AR AFA T FH(g/day)

- ARG AF (kg bw)
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Fig. 3. Chromatograms of (a) aflatoxin M, standard (5.0 pg/kg), (b) control and (c) spiked powdered milk (0.05 pg/kg).
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Fig. 4. Calibration curve and chromatograms of standard aflatoxin M.
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Table 3. Validation for analytical method of aflatoxin M, in

powdered milk (unit: ng/kg)
AFM, spiked levels
Days
125 25 50
lday 940435 87.5448 84.1:0.8
Intraday 2day 988486 89.8+73 81.2:0.4
(=3) Recovery 340 980441 96660 847424
ceove 941 96.6:6.0 84.7+2.
Interday 972456 913467 833+2.1
(n=9)

YSD: standard deviation

Table 4. Validation of aflatoxin M, in CRM powdered milk
(unit: ng/kg)

AFM, levels
Days T —
111+18
1 day 86.1+5.1
Irglriglz)iy N 2 day 89.1£0.4
= ecove
iSDl)ry 3 day 82.7+1.8
Interday
P 86.0+3.7

USD: standard deviation
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3}7] 913 European Reference MaterialsollA] oFEEt&E4l M,
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o 0FFS ST 2 A3 Table 4914 B npe} 7o)
86.0£3.7 nghkg?l AY(EFE)S AL, REEE S WUt
A SeEH vl FEOR ERIFATE 2 CRME 9]
43+ Chen 5(12)2] 98.6£154%%} V| Z&HS w] & A3 &
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Fig. 5. LC/MS/MS chromatogram and mass-spectrum of aflatoxin M,.
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Table 5. Occurrence and average of aflatoxin M, in infant foods
Positive No. Mean Detection AFM, Positive samples
Food No. o
(%) (ng/kg) range < OD" LOD<LOQ” LOQ<
Modified milk powder 142 104(73.2%) 2.6 N.D-7.7 38 13 91
Modified milk powder for follow-up 68 48(70.6%) 29 N.D-10.1 20 7 41
Follow-up formula 96 73(76.0%) 4.1 N.D-14.9 23 5 68
Cereal based food for infants and young children 51 31(60.8%) 2.3 N.D-11.3 20 5 26
Special medical purpose for infants and young children 17 5(29.4%) 14 N.D-7.1 12 - 5
Infant formular 6 3(50.0%) 0.8 N.D-1.2 3 1 2
Other foods for infants and young 59 17(28.8%) 0.5 N.D-5.9 42 8 9
Total 439 281(64.0%) 2.6 N.D-14.9 158 39 242
YLOD: Limit of detection, 0.4 ng/kg
JL0OQ: Limit of quantitation, 0.8 ng/kg
120 /
® 100 f
=
k4 i B Mean
. 080
5  Max
o 060 {
= ‘
=
g 0.40 +
g 020
000 £
&
Fig. 6. Aflatoxin M, levels in powdered milk according to country.
Table 6. EDI and cancer risk of aflatoxin M1 according to ages of people
Age (month) 0-1 1-3 3-6 6-12 12-24
Body weight (kg bw) 3.35 5 72 8.9 11.1
Daily intake (g/day) 839.7 959.6 999.6 1199.5 959.6
Estimated daily intake (ng/kg bw/day) 0.646 0.494 0.358 0.347 0.223
Cancer risk (person/1,000,000/year) 0.0196 0.0150 0.0108 0.0105 0.0067
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