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A Review of Technologies for Aflatoxin Detection in Milk and Dairy Products
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Abstract: Aflatoxins (AFTs) is a group of secondary metabolites produced by Aspergillus flavus and Aspergillus parasiticus,
which has stable physicochemical properties. Aflatoxin B, (AFB,), aflatoxin B, (AFB,), aflatoxin G, (AFG,), aflatoxin G,
(AFG,), aflatoxin M, (AFM,), and aflatoxin M, (AFM,) are the common analogues of AFT, with AFB, being the most toxic
and widespread one. The International Agency for Research on Cancer (IARC) under the World Health Organization has
classified AFB, as a Group 1 carcinogen. When cows eat contaminated feedstuffs such as peanut, corn, rice, soybean and
wheat, some of the AFTs are converted in the body into AFM,, and AFM,, which can exist in milk and dairy products. This
paper compares the difference between Chinese and international limits for AFTs in foods, and summarizes the methods
for detecting aflatoxin in milk and dairy products such as thin-layer chromatography (TLC), mass spectrometry (MS),
spectroscopy, electrochemistry, and rapid test strips. This paper analyzes the advantages and limitations of these methods
and predicts future directions in the development of aflatoxin detection technology in milk and dairy products. It is hoped
that this review will help in the development of a more convenient, specific, and sensitive detection method for aflatoxin in
milk and dairy products.
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X TR I AL R R B T AR
AT F 0 5E 3 ih 5 55 3K Ak B 7 V5 2 B3 (thin
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ORI AR # R, 2 [ RBUE R, 19604, B
10 5 R KIGFET —FhA R NE5s, 2l it FTiEsE
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VA MR E, A TOK, SRR E, SR
270 Ciaid N A RAENEY . W& TR EEAIA
BTN, GAAET LIEMGED R, LHEE &R
BRfEe . Bk, B BB AR KA. AR
Vil s, HATCAE R T202MEMERR, —K
Iy NBIE (B R KB, (aflatoxin, AFB,) . AFB,) .
Mji% (AFM,. AFM,) FIG& (AFG,. AFG,) ,
AFB,. AFB,. AFG,. AFG,fE& ™= MhB N W, &
AT 5y 25K ARAL, wIAREE B S u B s 28, BAK
W, RoYREETRIMEN SR HIEARLE: GRES
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RARFET 1B PRI A KR . T H T &
VEEAS ST, MR R, BARES. AFM & UE
HAFB Hi R 1 7 2Um N A LA AL S, TTAFB,
CVOUAINE IR Y S o S s e T
22— 2017410 H27H,  H 5 T A 4143 H b 5 24 1F Fe AL
Pl A B B0 035 BT AR S 2 ol B R IR
TNV
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Table1  Aflatoxin limit standards in some countries and regions
[P E S %l AR W&/ (uglkg)
AFB, TR 05
RN i }
HE ARM, %%ﬁ ?mguu 0.5
ERCE 05
EffmEAZRE  ARM, A 05
LT B R AR R 0.025
W ARM, %)L@Eﬁ)ﬁuuf JRBERL T R
A5AH 0.050
SEN AFM, A 0.50
[ ARM, 4 05

WAL E SR HA 5 & A 5 PR AR
LR AT DA IS A ) A v d o 7 e X
TR B i 57 35 3R PR AR AEAR S 7~ it 28 A F i B & E
PREHE, ER LRy, REASRERREY
T BB A R OR3P Ko I HLIRE B8 5 75 3R I BR 2K
P LAORI I S B A A v i 22 H b, 5 B g ik it
T A2 MR EARAEACT R FF — B JCH A4 L A
FLi

A R B i B A RO AL, A [ S X
X HAR RO T A%, S NOGTE R Bl A,
PRI VAl o

3 HHMBHRHEWGEPR

M EEEN W T ECW Z RN,
DM TEA LR JLF: TLC. LC-MS. Jtitivk. Hib
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TIHEM, ETLCEF S 5HAMNERS S, MR
PRI E i i BB R S E; HPLCE5MSEIL Mt R &5
GHITTVE, RS = RS A B E v PR A i
YRS A T M B R R R bk, ISR
S o EEIN .

3.1 TLC

TLC & 35 i 8% 55 2 20 A1 b de ) 32 A8 FH ARl 7 %
2, A E %75 Chigh performance thin layer
chromatography, HPTLC) 2 ORI i el 5% 2.
—, ZHEEERINETEHAMEH . TLCH) 2 20t
B MEMZE 0B E, BRELE 520G R
JEH R SR

Hamed 2" "R F 5 2000 M 608 -5 e A I Chigh
performance liquid chromatography-fluorescence detection,
HPLC-FLD) k& 1 [Al il i 3.5 FLH] & b 8 s ith 25
BERMITE, LRI, ZETEEMRAAEZ T AFB,
AFB,. AFG f1AFG, U5 B U i€ 1 2 e 2 2R,
J7 A% K9 82% ~ 104% . ShuibZe" 2 F F 432 5 Ak
FBRRES TP IAFB,. AFB,. AFG,MIAFG,, W& X A% H
Hypersi gold C #1457 B AFM,, SRR, MHEE/ENR
ARG, AFM, UGG IN67 %, 4R kG et AT
A3 AFML I, dar A BR F10.013 pg/L % £10.002 pg/L,
2V T 90.004~0.500 pg/L. [ 5 ShuibZs!"* X g 57 7
— P [E I € AFB, . AFB,. AFM,. AFM,HIJ7%, %%k
{if il Hypersil gold C, il kE7E40 CIAEL Rt g B8 &
BT, 4 PRI BB R OTIE3S minN B, Kl
B> %1250.005. 0.003. 0.004. 0.004 ng/mL, [HYFE A
73.0%~109.6%

TLCYE B i BT LATE S AN WA i o 7] B A ) L
IR BB TR, (AR B AR N T 1E 2
SRR EOR, RN B S5 W k. 2
HFE S TAC BRI, IR L W AN I S5 A B | T TLC V%
TESCIR = BN, [FRERASE T I .

32 LC-MS

LC-MSyEAT MRS v RS/ B, &
S = I E B R A € 8 7. GB 5009.24—
2016 (P& RMBEKW 7)Y M
GB 5009.22—2016 (£ i ith 5% 55 2 BIG A1 G I il
SEJTVEY #AEH TLC-MSEI 3 th#EH R . LC-MSHEH)
B M B B R 0 [RIAL R A AR SN B it B R R O Uy
Br, A& AR ARG SRR BRI AT DA kS UE S .

SR BRI ST — R0 R A S 0 i AR () A
WEBERTTVE, BEAASIPIRMOEE, BEE WK
B0 JE I EE W BUEN E , AR, Pl A
&, RIHT RACEAE S AFM I PEN 2 . Zhang Yi
SRR T — R AT (05 S R Th RS AL RO B ), 3
5 AFM Fi g &, P20 ZE ORI S (58 m o 1 A
M, g S UE A R AR B LA TR, R A
MycoSep™ 226 AflaZon-+Multifunctional i bk, HiER
[F A7 3 N R EAT B PR, IRl S UL R, KR $R
FRT AL . Du Lijing " — Sk RESCR AN B BE A AF
WA 750 AL A IRV SRR 4G B SR SL P HAFM MTAFB,
FLE L TS X ARM FIAFB &/ i LAl e, 3715 T R
(I . Mehtas "\ FH 4 G 1B 50 302 % H R AR IR 2,
EoRIEICA il TR R, R AT K . (KR
R B, T RWESE, A HLC-MSIE K
HoE. BRSO T AR AR B R A AL
BHE, HRMAE0.5% R G T A AESE G,
P B R B AN AL VI ORI A8 73 )=, B J5 FHLC-MS
T sE B . SRRSO R AR SR U, ZB0.
B S A5 G e SR AR 4 Ak, 3 i K A5 DNV 5 18 A J
€, A gl Fn R U 2K .

AN, B B B KO8 W] R A A4 7 iR EAT O E .
PerezZ5'JF 2 1 — B3 T 1A A M) R AL PUAR I S0 0T 7
%, AL E A ARM I, S 9K ORL R 2 B H kA
PR 5 45 B AR TR AN, e b A E B
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Table 2  Linear ranges, detection limits and recoveries of LC-MS for AFTs
HlEEE SitiiE it 1% 5%
ARM, 1~10 ng/nl 0.011 ng/nL 80.4~924 [14]
o Tgkg (RS 90.80~106.0 (45 .
ARM, L A ISt T RE L SE ]
AR, 0.05~5.00 pglL 0.06 ng/kg §9.02~118.85 [16]
ARM, 18~720 ng/nl 0.012 pglkg 89.74~93.16 i
AFB, §~320 ng/mL 0.005 6 pg/ke 104.23~105.35
AFB,, AFB,, AFG,  15.6~1000.0 pe/mL 313 pg/nl.
APM,. APM, 7.8~500.0 pg/nL 15.6 pg/mL. (18]
AFG, 78.6~5000.0 pg/mL 156 pg/mL
AFB,, AFB,. AFG,. T 0.1 pghg (B2 77.06~101.28 (43)
AFG,, APM, LO~S0ngl oy e (L) 5700~%986 () 1Y)
AR, 0.1~10.0 ng/mL. 0.002 pglkg §0.0~110.0 20]
ARM, 0.010~2.500 pglkg 0.005 pglkg 80~102 [21]

LC-MSHIfIL iz B A SRR I 45 2R, (ER 9 H At
P BERANE B it &2 R AL R W AsH, AR & 51
P FE A T A, AN IS A R R R A
LC-MS AR KK T 117 N 1% B TRAE T R AR 7 i Sk 72
T R L [ A A EUE: BT A R B AR o
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1A B SR IE AL 6 7200 % £ 4 v 0 3 o
HRNE, BIEEROLEE. AAGIER AR L,
XL TT VAR I e A= 2L b 1 B i 2 AR N IS TR AL
o JeRBERA R R R AR A, (A
TERC AR AR B R T FE T A LU FHHDNA R 55 B 3
H2T H SRR RN .
331 RItEE

Li Guangming%m]ﬂ)ﬂ7J(ﬁ¥?£ﬁﬁﬂ%tﬂ%7i%$ﬁ?§
AR A, G e Tl R Tl I R A — R T
B R N BE RIS R AR AE e AR RS, TR T AR A
RRIETE TAE IR RESE, AFL 1 ARM, IR HY IRAK 2
0.018 6 ng/mL. Fls %0 7 55 B M 1 S& i 4
PRGNS, B B KA 53 55 1 1 Fe, O 40 KA KL
PEDCHE KGR, I BC AR 7E 18 31 AFM, I 23 )\ Fe 0,3 T i
By, 2B Tt igam, PLHIERE S AFM,, Kt
PR-50.02 pg/L. Li Hui% ™l ik & Ap A K il 4 7 R)
7933 nmFFEGKRORL, I H 55RO R A 1) 7
JARAEE B AR %, RS FARM, Ao R
1.5 pg/mL. Jia Yongmei%s'™ i Fll ZERifb DU 283 245 £
A SRR AN AFB & A 1) 46 — A o b1 i 2 O d Bl A4
RS, WL R R IR BEATIRC, FRE, I
e, W E AFB, IR HBRM0.25 ng/mL. Guo Xiaodong
O B FR O R AR RRIE Lk, BN R
TR KL TN, (RIS A A S0 30 W] PR AP i O AR AN %
FREG LR, MG HA 5 AFM, 45 o & NE A 86 %
e, HAERGROMER N2, MIRIGRCA =IO,
M SEBLXT AFM, B 5E Sl 52, A6 R O90.05 pg/kg
Niazi %5706 i 18] 23 HE 5 Je R Bk FI VR (5 541, A58
R DIR P RSO0 K, R R R 52
LR S T AFM, U 5E ,  BIE R 47 /E AFB FIAFB,, H45
B ALY TH. Zhou Yaofeng5 "W & 1 A Bk FHAE 3%
FrPuR AR, B RSE 9150 nmf &7 5Bk AR 0% PR
SR XS BUABISER T, R 5 SR AR LAY B, 7E
KLU N 5 FHAFB, -5 ML &R AR & R R T bR,
T 45 5 T B A B O R ¢ Dl i 5 FL & FL ) v AFM,
i . Qiao Qinqin®E "™ FIR L2 6 FAB M 1 & T
M, A R R DY B R PR R R A B A 5 G A L
HNPDNAs, 3% 4258 JG DNAs [ KL ¥ T 8z s
BCAAD IR, ZFE il h & A AFM, I, AFM, 158 5 #
FRIGHECARSS & FBURE S B, RAEZA TR RN
0.5 ng/mL.
332 hbiEE

AR i ar N Rl gl R == N AR Y s DR
R AT A B R 5 S ORI BRSO B, £04k
TR A TG . Tha® w5 S 4 A8 BL AR R 214143 ok

I FEVEFIAY vt 2 2 8 S A LR AFB, R BRI
W, ARG EIRE D7 iR E A4 2L B ARM S T R 4
MR, fE650~1 800 cm 'HI13 499~3 689 cm i £
PGS T 25, R H FRAKE0.02 pe/L.

333 HAbobE%

Lerdsri% 5 F R R 55 iR SL R R 8, 254
KGR CAuUNPs) R T —Fi T br 11 Ll £ 4% 2%
. SN ARAE 2 (R A A% B 3 R 1 e 44 5 AFM,
FIAUNPsF= A RN, H1 R SEAFM, 1)1 5 3 1 5 3 7
PRI RIERE SRR A R AR A ERIREA, N
T SEBLEL (0 0 52 AFM, &5 & . JalalianZ5 20 AuNPs AlliE
e AR 73 ) A b R AR, R i T R SR AT 3 R R I
TAAALEEGOK B . AuNPs 5 3 A 1) 2% ik B RN AR R
e, AR P ARM K E I B A6, R BEA.
Tsounidi %>R FH (OGS EERF R T —Fh i 2
TS, 1A B ARt B BRI s M R, e
B RS SRR, AR 2N ARM, -
2R 3 B A 4 AW 1 E AESIO, I RE S B, 12 4% B Tl
JE &ML ARM,, I ARG JE TR OB AL P
3.4 WAL

FL A S R A A AT A )z A, AR RO ROAR
R MV . R R HE A I R TR ) e
HRROE, T -RIMNHERASHIESEREGE™
A )52 G B AG B A R T F A 0, o H A AR R R
{16y Fi BEL A% £ ok S B 1 B R 1 A ISy ik
B M B R DR 2 [ AE R AR T A o e ok
B 3 A0 5 I A A TR I SR T A % i 2 7

Ahmadi %P O7E B4 0 H M 2 THT ] 5 0 iR AR Ak A B
I R0 GROK UKL, P IR WL AE 2T B 5 ) T AR I
W1 hfE 1920 AL R A UM AFM, 2 (50 B Ak 27 A T
A5 LB AR R, AT e A A BE BT A 0 78 AFM
Smolko%5 70 3 i o AR B AR B R AT Y R AR
TRRBEEIR R EAT D7 RV P A 19.5 A, e A 1-(3-
TR S AE)-3- L SR R R TR £/ N-F5 S DR H
W% (1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride/N-hydroxysuccinimide, EDC/NHS) iR
H AFM I FC A [ 5 A2 HAR TR, ) il — ol o e MR
AFM, 1) AL 25 AR I 3% . Shadjou s 47 8475 B 1
o-FRRITAES FHAR G0 K Ok [ e B B AR R T, M AFM, %
s, RIRERRE BT, W B A N
Hamami %5175 22 [ E[L AR 2 2 [ 52 AuNPs, [ @ —
KRN 4 REFCAE, B @I EDC/NHS Y g i f5, f#
AJ ) FH H Ak 2 BE 409 R A € AFM, . Rahmani %" H
HLITTARRE AuNPs [ 52 2] Hh & HL 97 22 00 9 K 2 2 o 4 1) 9
BUAS R HLAR AR AT, 0 FLUBE DN A2 1 1 AL AR AR 1HT il 4345
kAR A . Adssa5 R FH 22 ) LR B AN O Ak R R
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YN ORORL 4 1P 3 T A 1) % 1 LA A SRS, 7R R
AR 22y A AL 5 BE e i 7L o ARML IN) RO S
Karczmarczyk 54 5% 3L P9 192 [ 5 76 78 4 19 22 0 LRI
WM, P EDC/NHSAE FH [ 5E 24 1fLi% 25 1 -AFM, 45
G, wEH HIR WA CRERE IS R AL, 1Ak AR AE
W52 Frh AFM, I 250R R

HAb 2k By R RMEVa ). B BRAK
WFEACER S, (HIEAERE R H I FRIAE, R
ME S I 2 P it 25 2 2 00 [R5
3.5 PedARMARKE

PR A I AR 2% 0 FL A R A T L AR AR S A
e, RGAE IS A I A3 ¥ A I AR . AR
Z6IE3E T I KA B b DA I, — BRI RH PR
AU HORE A (|1, ) FH S 56 25 5 SRl v2ion) o R AT A%
8¢, ROR$R R, Rkl oA

Su ZixianZE" R H AT ARG AFM, B 50 B AR (1 44 )
il % G E AT AT IR A Sk, DL EEAT 2 S AFM, B
7€, Kt PRIEZE0.1 pg/mL, REBUEE . Han Miaomiao
U 2T MR ST B BLA R 24K, H 5 AuNPsSE &
TE 88 X 744 - 52 A B ) R0 AR B > B AR R I 44
TSI SCRAR K RN e 8 P th d iE 3k B, b7
EAFM, 19K H R 40.016 ng/mL. H4MEFALi Miaok!
4 7 I IE) 3 R SR g R AT IR AN, 2R N
% T ISR ETAE YR, Kasojus"HI H
TR Az ) > B e B ) % T ik At gk, DL RN T VAR
B SIS 2 R I A LR I AFM B, IR SRR
0.019 ng/mL,

WACKVEER N h AT LA, AT E R
B, RAKHIB R, HAEWIE S A, AN R R
Ao EBRAR, P AR I8 T R B R A 1 B pRod A
Mo ARRLRRVE FOE & T A, HANS R, &
Mz, HIMZE, fEEER EYERRIHEA L.

4 & i

AL T A Ak % [ o it 25 B 2 PR 2 A ok 11 22
S, W T R i B R RN S DU A
A T TR E BN A AITLC. LC-MS. ik, itk
PN S oAl NI PRy oall E S N = & TR i viad s S
BT T & AR AR A 5 R HAFTER R, x4 Ja il
58 FL -5 FL A b it 2 R U R I R T T 4 H DA
I 1) RES PR ROAR G R A R R I X AR 2% 92
A & AR R R AR IR & F B, A s 8
ARG SRS E S R B A, SIS L R e
BT R TR, e Fh S 56 75 908 78 A2 7= Aol i )
56 VAU B i e A M 00 45 I3 PR S T B A 4% A A

2) e EAT I B AR R T AR IF A AL 3 A AT AR ER Y
2, BN, ATERESEMATE, B AR
AHRIE N EEMEATPREMERR, HEAEHA
BT BER (0 BT R g, B AR SR AL B
AP FE R E BRI 3) HAA IR KR
KT EEAT LRI JERA R T R T R
Setkon. VERERSGE il % ] 68 A IE RO IR AL kA s Hfb
LK R T3 ) JE T R A5 A ey RABEAB AR o 32 A Il
JIEHERRE NS AT AR T IR, ORAEAG I A g PR AN R
JE, RIS B8 A I AR
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