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Abstract

The production and assembling of disposable electrochemical AFM1 immunosensors, which can combine the high selectivity of immuno-
analysis with the ease of the electrochemical probes, has been carried out. Firstly immunoassay parameters such as amounts of antibc
and labelled antigen, buffer and pH, length of time and temperature of each steps (precoating, coating, binding and competition steps) wetr
evaluated and optimised in order to set up a spectrophotometric enzyme-linked immunosorbent assay (ELISA) procedure. This assay e
hibited a working range between 30 and 160 ppt in a direct competitive format. Then electrochemical immunosensors were fabricated by
immobilising the antibodies directly on the surface of screen-printed electrodes (SPEs), and allowing the competition to occur between free
AFM1 and that conjugated with peroxidase (HRP) enzyme. The electrochemical technique chosen was the chronoamperometry, performe
at —100 mV. Furthermore, studies of interference and matrix effects have been performed to evaluate the suitability of the developed im-
munosensors for the analysis of aflatoxin M1 directly in milk. Results have shown that using screen-printed electrodes aflatoxin M1 can be
measured with a detection limit of 25 ppt and with a working range between 30 and 160 ppt. A comparison between the spectrophotomet
ric and electrochemical procedure showed that a better detection limit and shorter analysis time could be achieved using electrochemic:
detection.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction stuffs). This limit was chosen taking into account the quanti-
ties of feed consumed and the fact that 1-4% of the ingested
Milk is usually contaminated with small amounts of afla- AFB1 appears as AFM1 in the milk. The maximum allowed
toxin M1 (AFM1) as a consequence of the metabolism by content of AFM1 in milk under EU directives is 0.05 ppb
the cow of aflatoxin B1 (AFB1), a mycotoxin that is com- (wg/kg) (Rosner, 1998
monly produced by the fungal straiAspergillus flavus and AFM1isusually determined in dairy products using meth-
Aspergillus parasiticus (Scott, 1995; Miraglia, 1998and ods based either on thin layer chromatography (TLC) or high
found in certain animal foodstuff. Toxicological concern performance liquid chromatography (HPLOJdle, 1986;
about AFM1 arises principally from its close structural simi- Sydenham and Shephard, 1986&er extraction and clean up
larity to AFB1, the latter having been shown to be one of the procedures. Detection and quantification rely on the strongly
most potent known carcinogens (right inserEafs. 2 and 3 fluorescent response of the compound when irradiated by
European Community legislatio@ommission of the Eu-  UV-light (Vasilikotis and Papadoyannis, 1985; Bijl and van
ropean Communities, 198Bmits the concentration of AFB1  Peteghem, 1985In general, these measurement techniques
in foodstuffs for dairy cows (1f.g/kg in supplementary food-  require three steps: extraction to remove the aflatoxin from
complex mixtures of materials in which it is found, purifica-
* Corresponding author. Tel.: +39 06 72594420; fax: +39 06 72594328, 10N to remove interferents, and finally detection and quantifi-
E-mail address: laura.micheli@uniroma2.it (L. Micheli). cation. These methods are sufficiently sensitive and accurate,
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but they are not suitable for the screening of large numberspermarkets. Ridascreen AFM1 KIT with aflatoxin M1 la-

of samples.

Immunochemical recognition of analytes has been ex-

plored in two different ways to improve analysis of aflatoxin.
Some more modern methods of sample extractitbért,
2002; Scott, 198putilise aflatoxin specific antibodies to ef-
ficiently extract and purify aflatoxin from complex mixtures.

belled with Peroxidase (AFM1-HRP) was purchased from
R-Biopharm (Darmstadt, Germany). The monoclonal anti-
bodies against AFM1 (MAb) were purchased from Maine
Biotechnology Services (USA). Polyvinyl alcohol (PVA),
3,3,5,5-tetramethylbenzidine dihydrochloride (TMB) and
all other reagents were from Sigma (St. Louis, MO, USA).

Immunoassay techniques, which are based on the ability of The BCR reference material containing aflatoxin M1 (CRM

the antibodies to form complexes with corresponding anti-

283) was purchased from the Institute for Reference Mate-

gens, have been successfully applied for the assay of aflatox+ials and Measurements (IRMM, Belgium). Affinity purified

ins since the property of highly specific molecular recogni-

anti-mouse IgG (H + L) from goat were purchased from Vec-

tion of antigens by antibodies leads to highly selective assays.tor Laboratories Inc. (Burlingame, CA, USA).

The extremely high affinity of antigen—antibody interactions
also provides in the very high sensitivity. This allows sen-

Screen-printed electrodes (SPES), consisting of a graphite
working and counter electrode, and a silver reference elec-

sitive, cost-effective, and practical screening analysis to be trode, were obtained from EcoBioService and Research (Flo-
devised. There are currently a number of immunochemically rence, Italy).

based assays that are used for detecting this t@tin (1990;
Carlson et al., 2000; Amine et al., 2008adioimmunoassay
(RIA), enzyme-linked immunosorbent assay (ELISA), im-
munoaffinity column assay (ICA) and immunoaffinity fluo-
rimetric biosensor (APL sensor). At present, AFM1 analy-
sis is carried out using ELISA kits for screening AFM1 and
AFB1 (Baincardi, 1997, with confirmation by HPLC (which
is the official method) using post column derivatisation after
sample clean upg\Warkaki and Melissari, 1997

While immunochemical techniques require relatively lit-
tle equipment, few materials and little maintenance of lab-
oratory instrumentations, they are still labour intensive. Our

2.2. Apparatus

A model 550 microplate reader (Bio-Rad) was used to
read the absorbance on ELISA plates at 655 nm. All electro-
chemical measurements were performed using a computer-
controlled system, AUTOLAB model PGSTAT 12 with
GPES software (ECO-CHEMIE, The Netherlands).

2.3. Buffer solutions

A 100 and 50 mM carbonate buffers (CB), pH 9.6, were

intention is to develop a disposable immunosensor for afla- used for the immobilisation of the anti-mouse 1gG on both

toxin M1. It could be used for detection of toxin in milk and
would combine the high selectivity of immunoanalysis with

microplates and electrodes, respectively. Phosphate saline
buffer (PBS, 15mM), pH 7.4 was used for the coating (im-

the convenience of electrochemical probes. An amperometricmobilisation of MAb) and competition steps. Polyvinyl al-

immunosensor for the determination of AFM1 in milk has, in

cohol (PVA) solution 1% (w/v) in PBS was used as blocking

fact, been constructed and based on a screen-printed electrodeeagent. The washing solutions, used after each assay step,

(SPE). Spectrophotometric ELISA was used as a develop-

were prepared by adding 0.05% Tween 20 (v/v) to the PBS

ment tool prior to transfer of the AFM1 assay onto SPEs. The (PBS-T).

resulting assay is performed in a direct competitive scheme

(insert ofFigs. 2 and & A monoclonal antibody (MADb) pro-
duced against this toxin, was immobilised on the support.
After the competition step, the amount of AFM1-HRP con-
jugate that reacted with the immobilised MAb was evalu-
ated after the addition of the enzymatic substrate, 33
tetramethylbenzidine dihydrochloride (TMB). The electroac-

2.4. Procedure for spectrophotometric ELISA

Assay parameters are characterised by competitive en-
zyme immunoassays (ELISA) in microplates. Spectrophoto-
metric detection was optimised during the development phase
prior to analysis by SPE. A direct ELISA was performed

tive product was detected by use of chronoamperometry, per-by coating the microplate with anti-mouse IgG @§/mL,

formed at an applied potential 6100 mV, at which the TMB
product undergoes reduction.

2. Experimental
2.1. Materials and reagents

Polystyrene microtitre plates, MaxiSdth, were pur-
chased from NUNEM (Roskilde, Denmark). Aflatotoxin M1

(AFM1) was purchased from Alexis Biochemicals (Carls-
bad, CA, USA). Milk samples were obtained from local su-

50pL/well) in 200mM CB, pH 9.6, overnight at4C (pre-
coating step). After a washing step with PBS-T (two times,
200p.L) followed by PBS alone (one time, 2@Q), the
blocking reagent (1% PVA in PBS) was added to the wells
and left for 1 h at 37C. The wells were then washed again.
For thecoating step, 10png/mL of a solution of monoclonal
antibody against AFM1 (MAb) were incubated into the mi-
croplate wells for 2 h at 37C. After a washing step, the com-
petitive procedure was carried out as follows: different dilu-
tions of free toxin (standard or sample) were incubated in
the wells for 10 min at room temperature before the addition
of a fixed concentration of AFM1-HRP (1:30, v/v) in PBS.
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The reaction was allowed to proceed for 2 h at room temper- curves (absorbance at 655 nm or current versus competitor
ature and the microtitre plate was then rinsed with PBS-T. concentration) were fitted using “non-linear four parameter
The chromogen/substrate solution was added into the wells,logistic calibration plots”\Warwick, 1996. The four param-
the reaction proceeded for 30 min at room temperature, andeter logistic function is:
finally the absorbance was read at 655 nm.
) o [1—4d]
Each experiment was performed in triplicate and the mean f(x) =

of each value was used for curve fitting. [+ (x/)]
where parametersandd are the asymptotic maximum and
2.5. Procedure for electrochemical immunosensor minimum values, respectively;is the value at the inflection
point (ICso) andb is the slope.

The working electrode of the SPE was coated wifhl 8 To allow the direct comparison of calibration curves, ab-
of 10pug/mL Anti-IgG (mouse) solution in 50 mM carbonate  sorbance values were converted into their corresponding test
buffer pH 9.6 overnight at 4C. After rinsing with 50uL of inhibition values (94/A,) as follow:

PBS-T (PBS +0.05% Tween 20), the SPE was incubated with A — Acat

8 L of the blocking solution (1% PVA in PBS) for30minat % — = 100 x
room temperature. After another washing step| 6of pri- Ao Ao — Asat

mary antibody (2@.g/mL of monoclonal anti-AFM1in PBS)  whereA is the absorbance value of competitotsa:andAg

were added to the working electrode. The competition step are the absorbance values corresponding to the saturating and
was carried out as follow: several AFM1 standard solutions the non-competition analyte, respectively (as evaluated by the
were left to react on the SPE for 25 min and then mixed with four parameters logistic function).

the AFM1-HRP conjugate at constant concentration (1:20, The detection limit (LOD) was defined as the concen-
vlv). The competition reaction was allowed to proceed to tration of AFM1 equivalent to three times the value of the
dryness at room temperature in the dark. The electrodes werestandard deviations), measured in the absence of AFM1
then rinsed with PBS-T and, finally the chromogen/substrate (Ap, no competition point). The midpoint value @§ was

solution was dropped onto the electrode surface(7ZSPE). evaluated as the concentration of AFM1 at 5@%¢. The

The enzymatic reaction was stopped after 25 min at room working range was evaluated as the toxin concentration that

temperature and the current was sampled at 1s. gives test inhibition values of 90 and 10%AM, (Giraudi
etal., 1999.

2.6. Analysis of sample The data obtained for each curve were plotted and fitted

using a SigmaPlot software (SPSS), and a regression anal-
The determination of AFM1 in milk was carried out by ysis on the linear portion of the sigmoidal curves was also
spiking a milk sample (before or after centrifugation), to performed. The slopes obtained from the regression analysis
study any matrix effect and the percentage recovery. were used to evaluate the matrix effects and the recovery of
The preparation of the sample consisted to centrifugation the assay.
for defatting for 15 min at 6000 rpm. After centrifugation the In addition, a reference material (CRM 283, aflatoxin M1
phases were completely separated into layers of fat, creamin whole milk powder 0.09.g/mL) supplied by the IRMM
and skimmed milk from top to bottom, respectively. The de- (Belgium) was analysed. Each experiment was performed in
fatted sample was recovered and tested directly. six replicates and mean values were used for curve fitting.

2.7. Calibration curves for spectrophotometric ELISA
and immunosensor 3. Results

Standard curves were obtained using AFM1 standard solu-3.1. Optimisation of spectrophotometric ELISA
tions (0—720 pg/mL) prepared in PBS for spectrophotometric parameters
ELISA and electrochemical immunosensor.

For the competitive assay, the matrix effect of blank sam-  The development of the spectrophotometric ELISA for
ples on both assays was evaluated. The centrifuged milk blankAFM1 before proceeding to the electrochemical study al-
was fortified with AFM1 standard solutions (8—960 pg/mL) lowed the definition of the working ranges, limit of detec-
and used directly on microplates and SPEs. tion and the characteristics of the immunological reagents

Calibration curves infortified milk, prepared by the AFM1 (antigen and antibody) prior to the evaluation of the sys-
standard solutions before the centrifugation (30-720 pg/mL) tem on an electrode. The tests were performed in a 96-well
were subjected to spectrophotometric and electrochemicalmicroplate according to a direct ELISA format. This kind
ELISA to study the effect of any loss of sample after cen- of test is based on a competition between added antigen
trifugation. labelled with the enzyme and unlabelled (sample or stan-

Each experiment was performed in triplicate and the mean dard) for the binding sites of antibodies immobilised on the
of each value was used for curve fitting. The calibration preactivated support (insert Figs. 2 and % The preacti-
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vation consists of an immobilisatioprecoating) of anti- 2 h and overnight incubation time, and thus the shorter time
IgG antibody (mouse), which improves both the amount, could be used.
and the orientation of the antibody specific for the ana-  The binding study was carried out by adding several di-
lyte to be measured. At the conclusion of the chain of im- lutions of AFM1-HRP conjugate into the microplate wells.
munological reaction, the amount of label associated with The 80% value for the response curve defines the amount of
the solid phase is inversely related to the concentration of labelled antigen to be used in the competition study in or-
antigen. der to obtain the highest sensitivityvarwick, 199¢. From

The first step in assay development was the selectionthe results, shown ifrig. 1c the 1:30 (v/v) dilution of the
of the buffer (carbonate and phosphate saline buffers), theconjugate was chosen.
time (overnight and 2 h), the temperature (37C4and room The competition study was carried out setting up two pro-
temperature) and the concentration of the precoating (anti-tocols: in the first one, free and labelled AFM1 were mixed
body against IgG) and coating (monoclonal antibody against together directly on the support where the specific antibody
AFM1-MADb) used in the various steps. Results showed that was immobilised. In the second protocol, different dilutions
the best assay conditions were achieved whepditL of of free toxin were added onto the support before the addition
anti-lgG was incubated overnight af@ in CB in the pre- of the labelled antigen. In this second case we tried to pro-
coating step and 10g/mL of primary monoclonal antibody = mote the binding of the AFM1 with its antibody, in order to
(MADb) in PBS for 2h at 37C was used in the coating step increase the sensitivity of the analysis. Different incubation
(Fig. 1a and b). In particular, the results of the coating in- times (10, 30, 60 min) of the free antigen were studied and the
cubation time showed that there was no difference betweenbest results were obtained with the antigen added 10 min be-

3 4
1 (@ ()
3004 025
E 250 1
:: E 0.20
7] w
8 2004 LA
® @)
3/ =/
w 150 1 w 0.15
4 r 2
« -
100
0.10
50 A
0 0.05 Blank: no coating §
W coating, blocking, AFMI-HRP ] 10 *

S blank:no coating, only blocking, AFM1-HRP

wr#zi precoating, coating, blocking, AFM1-HRP [MAD] pg/mL

0301
(c)

ABS @ 655 nm

Blank: no coating &
102 107!
[AFM1-HRP] v/v

Fig. 1. (a) Precoating study: comparison between the results obtainedyim¢ without R ) immobilisation of antibody against IgG (1@/mL) in order

to improve the assay through better orientation and coverage of primary antibody. (b) Coating study: coating curve obtained by the incuba@ésmgf incr
concentration of anti-AFM1 antibody (MAD) for 2 h at 3C. Fixed amounts of anti-IgG antibody and AFM1 labelled with enzyme (AFM1-HRP) were used. (c)
Binding study: the binding curve obtained with the incubation of decreasing dilution of labelled toxin (AFM1-HRP) for 2 h at room temperatunedtined a

of anti-IlgG antibody (1@vg/mL) and MAb (10uwg/mL) were used. Absorbance was read at 655 nm; chromogen/substrate of HRP: TMB 0.2 saM #dM,

in citrate-phosphate buffer pH 5.2.
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fore the labelled AFML1 (data not shown). For both protocols and a direct competitive assay format as for the developed

the total competition time was 2 h. spectrophotometric procedure. The reagents were added in
Calibration curves (absorbance at 655nm versus com-small volumes.

petitor concentration) were obtained using AFM1 standard  The electrochemical technique chosen for the detection of

solutions prepared in PBS (0-480 pg/mL) and were fitted the enzymatic activity was chronoamperometry, which was

using “non-linear four parameter logistic calibration plots”
(Warwick, 1996.
Different working ranges resulted for the two protocols:

e inthe first protocol, the working range was 0.2—7.4 ng/mL
(ppb) and the LOD was 0.1 ng/mL;

e in the second one, with 10 min of free AFML1 incuba-
tion time, it was 30-160 pg/mL (ppt) and the LOD was
25 pg/mL.

performed at a potential 6100 mV where the TMB product
undergoes reduction.

As for the spectrophotometric study,immunoassay param-
eters such as the amount of antibody (anti-lgG and MAb) and
labelled antigen, buffer and pH, length of time and tempera-
ture of each step were evaluated and optimised.

Fig. 3a and b represents the results obtained with the coat-
ing and binding study. The optimised concentrations of the
specific antibody for AFM1 and for the AFM1-HRP con-

Only in the second case was the regulatory limit (50 ppt) jugate employed in order to have the maximum response

of AFM1 detectableKig. 2).
3.2. Optimisation of electrochemical ELISA parameters

For the detection of AFML1 by electrochemical ELISA, an

from the competitive study were: 2@/mL for the antibody
anti-AFM1 and 1:20 (v/v) for AFM1-HRP, respectively. The
competition study was carried out by setting up two proto-
cols as for the spectrophotometric assay. The total time of the
competition steps in each case was 50 min.

amperometric immunosensor was assembled using a screen- Standard curves (current versus competitor concen-
printed electrode (SPE) coated with a monoclonal antibody tration) were obtained using AFM1 standard solutions
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Fig. 2. Spectrophotometric competitive ELISA for aflatoxin M1 adding the free toxin 10 min before the AFM1-HRP conjugate. Anti-lgG antilpagdm{1)0
and MADb (10ug/mL) were coated on the ELISA plate. Linear regression shows a working range of 30-240 pg#0L987), as in the top right insert.



Current (uA)

0.70

0.65

0.60

0.55

0.50

0.45

0.40

L. Micheli et al. / Biosensors and Bioelectronics 21 (2005) 588-596 593

LN e e
—_
)
=

edl

10
[MAb] pg/mL

100

Current (nA)

(b)

0.5F

0O Blank: nocoating

0.0
1/100

1/10 1
[AFM1-HRP] v/v

Fig. 3. (a) Coating study: coating curve obtained with the incubation of increasing concentration of anti-AFM1 antibody (MADb), until drynessxat RT. F
amounts of anti-IgG antibody (1:3@/mL) and AFM1 labelled with enzyme (AFM1-HRP) (1:20, v/v) were used. (b) Binding study: binding curve obtained
with the incubation of decreasing dilution of labelled toxin (AFM1-HRP) for 50 min at room temperature. Fixed amounts of anti-lgG antipadyn()0

and MADb (20pg/mL) were used. Electrochemical technique: chronoamperometry, applied poted®@@mV; chromogen/substrate of HRP: substrate TMB

0.2mM + H,0, 1 mM, in citrate-phosphate buffer pH 5.2.

(0-720 pg/mL) prepared in PBS and were fitted using “non-

linear four parameter logistic calibration plotSVarwick,

1996. Also for the electrochemical system, different times
(0, 10, 30, 60 min) of the incubation of free antigen were

3.3. Sample analysis

studied and the best results were obtained when the antigen

was added 25 min before the labelled AFM1.

The results obtained for the addition of both free AFM1
and AFM1-HRP on the support showed also in this case a
different working range for the two protocols:

e in the first case Kig. 4a), the working ranges was
1-10ng/mL (ppb) and the LOD was 0.5 ng/mL;

e in the second casd-ig. 4b), with 10 min of free AFM1

pre-incubation time, the working range was 30-220 pg/mL

(ppt) and LOD was 25 pg/mL.

80

100 x 171,
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=
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100 x /1,

As with the spectrophotometric assay, only in the second
protocol met the requirements of EU (up to 50 pg/mL).

The determination of AFM1 in milk has been carried out
with spiked samples (toxin added before or after centrifuga-
tion), in order to determine the matrix effect and the recovery.
The sample preparation consisted in centrifugation for 15 min
at 6000 rpm for defatting milk. After the centrifugation, the
two phases were completely separated into two layers of fatty
cream and skimmed milk from top to bottom, respectively.
The defatted milk was recovered and tested directly.

A preliminary study for the electrochemical determina-
tion of AFM1 in milk involved the electrochemical charac-

60

s
o

20

100 1000
[AFM1] pg/ml

Fig. 4. Electrochemical competitive ELISA: (a) competition curve obtained for direct mixing of free and labelled AFM1 on the working electrod€lmf SPE
competition curve generated by adding the free toxin 25 min before the AFM1-HRP conjugate. Anti-lgG antibpdin{lPand MADb (20..g/mL) were
coated on the working electrode of the SPE. Linear regression shows a working range of 0.5-10Ag/MB@4) for (a) and 30—220 pg/mlL:2(= 0.966)
for (b). Electrochemical technique: chronoamperometry, applied poteatl®d mV; chromogen/substrate of HRP: substrate TMB 0.2 mM@HL mM, in

citrate-phosphate buffer pH 5.2.
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Fig. 5. (a) Cyclic voltammograms of milk on SPE for investigation of the electrochemical behaviour of whole milk: (1) whole milk; (2) centrifugég&)milk
phosphate saline buffer (PBS) pH 7.4. (b) Cyclic voltammograms of TMB-ox before (pale grey) and after (black) 30 min incubation in milk.

terisation of the enzymatic product in the presence of the  The matrix effect of milk on both ELISA systems was
milk in order to evaluate the matrix effedtig. 5a shows the tested using commercial whole milk, where AFM1 was not
cyclic voltammograms obtained with buffer, milk and cen- present (milk blank). Centrifuged milk blanks were then for-
trifuged milk demonstrating that there was an electrochemi- tified with AFM1 standard solutions (8—960 pg/mL) and used
cal response in milk that disappeared when itwas centrifuged.directly in the assayHig. 6a and b).

Fig. 5 shows the results obtained with the TMB-ox prod- The spectrophotometric and electrochemical results
uct before and after 30 min of incubation of milk onto the showed a good working range (larger for the spectropho-
working electrode to mimic the competitive assay condition. tometric assay), comparable to the ones obtained in buffer,
These data show that there was not a significant interferenceand thus it is possible to measure the analyte directly in milk,
from the compounds present in milk on the electrochemical without dilution or pretreatment. The possibility of working
response of the enzymatic product. without a sample dilution is important considering the low

100 E v competition in milk
v . -
M ¥ blank in milk 120
® competition in buffer
b O blank in buffer k. ®  competition in milk
80 1004 4 competition in buffer
=] 80 L
:5{ 60 =
= * 60
g 2
40 + —
40 -
20+ 20 +
03 . , .
10 100 1000 20 40 60 80100 200 400 600 8001000
(a) AFM1 (pg/mL) (b) AFM1 (pg/mL)

Fig. 6. Matrix effect: comparison between competition curve in bullBrand competition curve in milk¥) without dilution. Chromogen/substrate of HRP:
substrate TMB 0.2 mM + b0, 1 mM, in citrate-phosphate buffer pH 5.2. (a) Spectrophotometric detection: absorbance read at 655 nm; (b) electrochemical
detection: chronoamperometry, applied potentidl00 mV.
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Table 1
Extraction efficiency obtained for the spectrophotometric and electrochemical systems using the same fortified samples (AFM1 standarddsditiefiosead
the extraction)

AFM1 added (pg/ml) Spectrophotometric ELISA Electrochemical ELISA
AFM1 found %R.S.D. %RE %Recovery AFM1 found %R.S.D. %Recovery %RE
(pg/ml) (n=6) (pg/ml) (n=6)
30 26 5 —13 87 27 4 90 -10
60 55 7 -8 92 55 6 92 -8
240 225 5 —6 94 230 6 97 -4
720 706 4 -2 98 720 8 100 0
90 (certified material) 89 5 -1 99 91 8 101 1

a %RE (%relative error) =[(measured valudrue value)/true value} 100.

toxin concentration in milk. In comparing the electrochemi- printed electrode (SPE) system as transducer for chronoam-
cal and spectrophotometric assays, it can be noted that for theperometry and a monoclonal antibody for molecular recog-
spectrophotometric assay, spiked centrifuged milk needed tonition. We took advantage of the simplicity of the ELISA
be added 60 min before the conjugated toxin in order to obtain system to construct an AFM1 immunosensor that was capa-
comparable results with that obtained in buffer (addition of ble of measuring the same levels of toxin as detected by the
AFM1 10 min before the labelled toxin), while for the elec- conventional methods. Our system has the important advan-
trochemical system the same competition protocol could be tage of allowing the measurement of AFM1 directly in milk
used in both cases, milk or buffer. The time for each measure-following a simple centrifugation step but without dilution
ment with the electrochemical system was shorter than theor other pretreatment steps. The sensor exhibited linearity
spectrophotometric assay: 75 min versus 150 min. The detec-between 30 and 240 ng/ml making it useful for AFM1 mon-
tion limits, for both systems, were lower than the maximum itoring in milk (maximum acceptable level of AFM1 in milk
permissible level of aflatoxin in milk. is 50 ppt). Recovery of AFM1 from spiked milk was around

The recovery was evaluated by a comparison of the cal- (95+ 6)%. For certified material (CRM 283) the recovery
ibration curves constructed (1) by spiking blank centrifuged was around (92 5)% of AFM1.

milk samples with known amounts of AFM1 before centrifu- In conclusion, we have demonstrated that a competitive
gation and (2) adding the toxin to the milk blank after the immunoassay for AFM1, coupled with either electrochem-
centrifugation. For each concentration lev&alfle 1), four ical or spectrophotometric detection, is indeed a functional

different samples were independently processed andstrategy and that the immunosensor realised for this toxin
analysed using eight different SPEs. On the basis of the shows a working range that is comparable to that found for
calibration curves prepared in centrifuged milk it was conventional methods and which was, in turn, suitable for
possible to calculate the recovery of the analyte (90—100% “on site” monitoring. A further advantage is that the analy-
of AFM1 added; the value of 90% is observed for the lowest sis time is reduced from the conventional methods (HPLC or
concentration of the toxin). Comparable results £95% TLC) to 75 min.

of AFM1) were obtained using the reference material

(CRM 283) supplied by the IRMM. To obtain samples

falling within our working range, the CRM 283 material Acknowledgements
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