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3- Dispersive liquid-liquid microextraction
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Table 1. Optimal condition of HPLC-FLD

Type of column
Mobile phase
Injector
Wavelength of Emission
Wavelength of Excitation

Gemini Cys , length: 150 mm, ID: 4.6 mm, particle size: 5 pm
Acetonitrile: water (35:65 v/v), flow rate: 1.1 ml/min

40 °C, loop: 20 uLL

360 nm for Aflatoxin M; and 333 nm for Ochratoxin A
430 nm for Aflatoxin M and 470 nm for Ochratoxin A
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2 -Fluorescence Detector
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1 -Metal Organic Frameworks


http://dx.doi.org/10.22034/FSCT.22.162.42
https://fsct.modares.ac.ir/article-7-73098-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-06-29 ]

[ DOI: 10.22034/FSCT.22.162.42 ]

\i'i.:‘.:;a Y 092 Ay °JL“"':'

SYNV STV QA @r el Oy Ole 1) sss S0k
il S 28 3 e s 58 (Sl g0
Sl SO s Sl ek Sl Saas s e sla, s
i dmlin U Jolge ool 2 5 eslind "0l 5 3
g e Ll d s el Sl el S s
e 55 )

4 5 Slasie —1-Y

(a3 Ol o3 el L1 By i sliel L
o CIUT 31 oS o (sl O gl IS a1
o235 A= (Linear range) S, et o3 gdse
Limit of ) (¢, Se;lul 4> «(Limit of detection)
Crpdosl S (Kaaner o, sdes (quantitation
Lt sl 5 s Bt 556 0latl, (RSD%)

gl Al oy V=Y

Gl e il eslel iy G s S ol s
08 5T 2l 52l (5, DLLME 5 DSPE (sl b,
5oy ply pd Gla aged SIA S S S1s MY
ool ed dsed 2 e VoG il el
3 G S e VY0 055l I ey 5 ek il
A S5 i3 ¥ e 4 S e bl sl S
Sde o aids p 0 000t S L) Saab Sl 5l e
%’5\?‘)‘6;&1:”' Lol axils y o4, 5L (aids0
£ e 5 Sde bglsee aelsl ja s b gdses ol s
23300 o b) Sty Slo 5l ey A ST 5 4d3s
Vs edd A e s U (akds 0 ode 4 akds
ol s wlal Ol O3 gy p ksl 1) e
S ool s edd Soy akds £ ode 4 byl
0 ke ay adds p o5 000 S L) e sl
anils o gl sl sla < BT gl JT 50 (adds
Sx bl S SKe 00 L bl 5l e 5 el
ol &) e 0 1515 4 [CoMIM] [FeCla]  ubline
S ogle Ll hpdam 03 e S BF e
Ay Jols 3 edd )l gla c BT (gl bline

45

Slaiad Olpd S G50 V) S 55 s J gl
Jslbee G plaws 0l b 580 bl 5 il
6> Oywts) oS VAY wlsl 53 s edzen Sea
J=l> 4 FeCl-6H20 o 5 YAV 5 doul S8 5 S
03 p0n 4833 10 Side 4 bgliee 5 aill S byl
s 5y el VY Sl 4 Jools Lo e LS
gy ctall 535 S S 5l LKl ax s Ve
BBl glos 5o 5 2d sl JelS 31 eslizal b ool cows
O a1 e Yoo W el g wslsl s s Sax
ol 3 Al e ) SO Dde w4 Ll e g o
Vo ss celu ) e & MOF 5 ous S il Jgloes
oAl S Sl S5 a pY s S e e s
syse JolS sb 4 loos § A3 S 55 el 5 MOF
DYlewd i S 15 Eom

gl Aol Bl p5 g5 laag —0-Y

sla bl 50 VL 2l sls Olekily 4 i 12
oslie 3D el Sl 5 IS (65 lie il il
S Ol 3D WSS 0l ke L(p? ke VO L VO
B Y0 slie e 5D o3l e (i3 0 B ) s 0l
B e Ol Ols 5D ldor Ol ke o(p 7 s Ve
Vo U o/n engde 03380 L) 55 Sl i d(aads 0
On D g (IS i Sl ez /G55 Lo
3 (Lol 5 Il nsnl (st Ol DD Sl
G e Y0 51/0 070 /0 Glagamm b 5D o
Ol Pl Dler G D) eiS tv/edn s8I
3D dels Oles e (o e sl 5 J5ls ol Jsilee
e e Obs 5D 55 5 (4235 0 B ) (sla o3 ke Ol
[CsMIM] [FeCly], [CoMIM] [FeCli], blie Js
00 Slapms o ) wx= 5 ([CaMIM] [FeCloBr;]
Spp oS gl Bl (s S Ve 5 0 A
G e Sl a i g B
Al 650 53 A S SIS s M S T (o) i
25550 glaal o me 3 Kges B S 515 Oley ke

Q).G 9 (Afu \Ye 9 Qr Vo v E0 X s\o)


http://dx.doi.org/10.22034/FSCT.22.162.42
https://fsct.modares.ac.ir/article-7-73098-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-06-29 ]

[ DOI: 10.22034/FSCT.22.162.42 ]

e A S S ST s M S 5351 Ol e (5,8 o510

UL 5 Ju S|

Coge Sad JRlBl S sl L elal s 4 s
jgﬁ&wwgwduquc\@\@\ﬁ&s
LS e S RIB 05k sy e
oy i SO @3 . g

e 03 &S das e OLE Y Slaged 3 edel s =
OB et Ul b sl s 2050 Sladd
o e a3 035 aallan 3,0 sl T 1 el s
i ol i e g ag

b gl g Y=\

e Rl L (6 s gad) ool s 4 el 4y a5 L
Sl gl gla Oledily A oo ) B L
03 Al o SRR e ity I L OT 5l 5wl
Slr o o e @ Rl e ) s
A oll g Oladlas

cderly Oley de =AY

byl S555 0oy e (3l L mls 4 e b
Okl aids £ b ol Sl 5 ediS wldals D
Al o b OT 1 ey 5 Bl 2153l ol s

oS I Sl POl g 58 714

Sl ol asde sdalin 0 e o &S jsbokes
sV gl oblS [CoMIM] [FeCly] bl
Olge a5 axdls oxlinal 5550 Ladd> plo 4 Cos
i ol g e 6l ang DD

oS ol Sl Dl e Y-V

o= Sl L DLLME sl 3 Jsb s sl a5 L
glAml Slkily 5s Sl ek S pl sl Jol>
00 (oplply 335 ool sdalive anllas 3,40 gla LT
A bl g e Ol 4 25 S

chle als s s, oley Sde Y1)
la = Ji

Chle T lsad 3 sl ey S 4 A L
wl el by ol Sde b €ges s la I
g oo odaline b CJUT ke 55 alS OF 51w

46

HPLC-FLD oz 4 o5 30T g 5 ol e
A G5

Sy pomoasb glel H6 o YA
b (oS 5500

Lo oold axdls p nd wges 3l 1) e Vodial, cpl 5o
o S ALY ) s o3l andllae 3,50 sla oS 55 SCle
233,550 sl S oal s @ i gad e (1
YU 5 e oLl sy Lls gl aslsl 3 .28 8 13
LS Glf‘;:,.ql

ol

gl Al 53 fae Jolse soleang s VY

doed Szl 5 IS (5 ldie -V =) -T

SRIFI L Slage 53 ekl Sy S 4 a5 b
Skl cp 5 (oo VYO b sl Sl 5 A (55 ,1kde
g 4Bl Sl andllae 550 (sl CIUT 2] Feal
e Olye w0 8 Jea 1Yo o s kil o ol Ol
Al Sl el Sl NS (55

S 0l de =YY

b S50 Olasde Ll b el s il (il
ol 0T 3l ey 5wl I oSl Lkl adds Y
Ll o

N P RV

Ol L oS ms o DL Y s gal 53 el sy ol
Slaily o S e 00 B o eslizal (MOF) 3br ltde
S 3 48l 5 aallas 3)5e sla LT £ s
Lo o ool O

ol Ol Dl Y-V -8

Oley e Gl 3 L el oy gl 388 a3 s L
Oladily 4ids £ b Odle D3 5 & ged byl S5
Al o b O 31 g 5 48l I3l 2l s

) S S =v--0


http://dx.doi.org/10.22034/FSCT.22.162.42
https://fsct.modares.ac.ir/article-7-73098-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-06-29 |

[ DOI: 10.22034/FSCT.22.162.42 ]

\i'i:‘:f Y 092 Ay A)La..'»'

Ol e gl 5 p sk oo

s Ul clale (b ar oy Sole 5 me 5 s 4 ge

Chle j3 28 O 5l e 5 4Bl [2alS b s o
g g edalie bs LT

Ul chle 2als s s Sl coutd 51 -F=V-\Y
la
u,:u“‘)_%\ Ll ‘Jﬁuﬂ OML:\.A g_) -\ )\J)AJ. )J 45 )jbdl&.‘ﬁ

58S 513 0l wde) Sl Y LB g S0l oyl3

Extraction efficiency (%)

—o— Aflatoxin M1

- Ochratoxin A

75 100 125
Trichloroacetic acid (mq)

Figure 1. Optimizing the amount of trichloroacetic acid
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Linear Limit of Limit of Correlation Standard Extraction Enrichment
Analyte range Detection Quantification . o efficiency + factor + SD
coefficient Deviation - .
(ng/L) (ng/L) (ng/L) %) SD (n=3) (n=3)
AflatoxinM;  0.97-10° 0.29 0.97 0.997 39 83+3 232+8
Ochratoxin A 0.77-10° 0.23 0.77 0.998 4.2 89+4 249+11
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Table 3. Examination of the matrix effect of pasteurized milk samples

Relative recovery + standard deviation (n = 3)

Analyte Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Spiked samples containing each of the analytes at a concentration of 10 ng/L
Aflatoxin M, 8943 87+4 99+2 100+2 9143
Ochratoxin A 88+2 94+3 101£5 103£5 102+£3
Spiked samples containing each of the analytes at a concentration of 50 ng/L
Aflatoxin M, 93+2 90+2 10143 98+4 9543
Ochratoxin A 9343 96+4 103+£3 100+£2 103+4
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Table 4. Comparison of the efficiency of the proposed method with other methods
Relative Limit of Limit of Linear range
Sample Analyte standard Detection (ng/L) Quantification (ng/L) & Method Reference
deviation (%) & (ng/L) &
Red wine Ochratoxin A <16.9 130 410 - a [18]
i <59 10 30 100-15000
Mother milk Aflatoxin My b [19]
Ochratoxin A <17.3 10 30 100-15000
Aflatoxin M 12.3 60 210 210-5000 c [20]
Milk ; 3.9 0.29 0.97 0.97-10°
Aflatoxin My Present work Present work
Ochratoxin A 42 0.23 0.77 0.77-10°

a) Solid phase extraction coupled with liquid chromatography equipped with a sequential mass detector
b) Liquid-liquid extraction coupled with liquid chromatography equipped with a fluorescence detector
¢) Liquid phase microextraction with hollow fiber coupled with liquid chromatography equipped with a sequential mass detector
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Due to the extensive use of dairy-products like pasteurized milk, these
products should be free of any contaminants such as drug residues,
pesticides, mycotoxins, and etc. Mycotoxins (such as aflatoxins, ochratoxin
A, and etc.) are a group of toxic and pollutant substances in foodstuffs,
animal and poultry feed that are naturally produced from certain types of
fungi. The presence of mycotoxins in milk is very dangerous for the health
of the consumer. Therefore, the development of fast, efficient and easy
methods for investigating the presence of mycotoxins such as aflatoxin M;
and ochratoxin A in foodstuffs is of great importance. In this research, an
efficient analytical method based on the combination of dispersive solid
phase extraction and dispersive liquid-liquid microextraction has been
proposed for the extraction of aflatoxin M; and ochratoxin A from
pasteurized milk samples and analyzing them with high-performance liquid
chromatography equipped with a fluorescence detector. Under the optimum
condition, limits of detections and quantifications within the ranges of 0.23—
0.29 and 0.77-0.97 ng L' were obtained, respectively. Enrichment factors
and extraction recoveries has been obtained in the ranges of 232-249 and
83-89%, respectively. Aflatoxin M; (in 70% of the examined milk samples)
and ochratoxin A (in 10% of the -examined milk samples) were found in a
number of samples. Also, according to the obtained results, microwave
radiation can reduce the amount of aflatoxin M; (in the range of 27.6 to
33.5%) and ochratoxin A (in the range of 17.3 to 20.8%).
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