
Cereal Research Communications 43(3), pp. 426–437 (2015)
DOI: 10.1556/0806.43.2015.3.8

0133-3720/$20.00 © 2015 Akadémiai Kiadó, Budapest

A. MAJZIK1, V. HORNOK1 1, T. BARTÓK3, L. SZENTE4, K. TUZA4 and I. DÉKÁNY1,2*

1MTA-SZTE Supramolecular and Nanostructured Materials Research Group, University of Szeged, 
Dóm tér 8, H-6720 Szeged, Hungary

2Department of Medical Chemistry, Faculty of Medicine, University of Szeged,  
Dóm tér 8, H-6720 Szeged, Hungary

3Faculty of Engineering, University of Szeged, Moszkvai krt. 5–7, H-6725 Szeged, Hungary
4CycloLab Ltd, Illatos út 7, H-1097 Budapest, Hungary

 
(Received 24 January 2015; 15 April 2015;

Communicated by A. Goyal)

Due to the warm and favourably humid climate of Southern Hungary, the maize is one of 
the most important crops. The protection against crop damage caused by fusarium and 

by selective sensors is important, while they can cause serious diseases in humans and ani-
mals if they enter the food chain. Our main objective was to develop selective AFB1 sensor 

-

-
LOD; 1 pg/mL) without using 

other analytical reagents. 
 

The protection against maize crop damage caused by fusarium and Aspergillus species is 

-

layer chromatography, and enzyme-linked immunosorbent assay (Li and Zhang 2009; 
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-
mola 2008; Li et al. 2012; Yuan et al. 2009). The guest molecules (AFB1) interact with 
the cavity of the host molecule with non-covalent forces (Szejtli 2004).

optical devices for detection of biomolecules and drugs in various biomedical applica-

-
2). The 

CDs are cyclic oligosaccharides, where glucose molecules are linked by glycosidic bonds 
to form a cylindrical structure. The cylinder forms a truncated cone, which has a hydro-

the water solubility of hydrophobic compounds (Mandal et al. 2010; Szejtli 1995).  
2 molecules. The 

2 molecule can be attached to gold surfaces by covalent bond (Ogoshi and 
Harada 2008). 

2 functionalized gold 

-
-
-
-

determination of AFB1 in important alimentary target compounds by functionalized 

as compared to previous studies (Daly et al. 2000; Dunne et al. 2005; Moon et al. 2012).

Materials

For the preparation of βCD-(SH)2 4)  
(Sigma-Aldrich) 4·3H2
CID: 28133) (Sigma-Aldrich) in presence of βCD-(SH)2 (produced by Cyclolab Ltd., 
Hungary) (Kim et al. 2008). The 5 mL of HAuCl4 precursor solution (0.8 mg/mL) was 
added to 5 mL 0.6 mg/mL βCD-(SH)2 

4 

4 β -
sion was stirred vigorously at room temperature overnight. The molar ratio was  
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βCD-(SH)2 βCD-(SH)2 
was 0.197 mg/ml. In all cases the dispersions were prepared in MQ ultrapure water.

 

2O/acetonitrile was 99.7/0.3, v/v).

Methods

the λ
-

sion electron microscope (HR-TEM, FEI Tecnai G2 (200 kV)). 

measurements were recorded at 25 ± 0.1 °C. 
-

-

-

-
nescent light distance, and monitoring the change allows high-sensitivity measurement of 

–7 RIU. The temperature 
. Volumes of 500 ml of all samples were 

measured in all cases. The streaming medium was MQ water for desorption between 
samples. The recorded spectra were analyzed by a special software that allows determina-
tion of the resonant wavelength in both sensing channel. Adsorption isotherms were de-

-
centration was followed by desorption in water stream and only the remaining adsorbed 
amounts are presented on the adsorption isotherms. The adsorbed mass (ms) was calcu-

species per surface area (  in nmol/cm2). In our dilute solutions according to J. Homola 

a change in adsorbed mass of 26.3 ng/cm2 dn/dc = 
0.14 mL/mg (dn/dc
in the solution; typically 0.1–0.3 mL/mg) (Ho et al. 2005; Liedberg and Lundström 1993; 
Tumolo et al. 2004). The monolayer coverage was determined from the linear form of the 
Langmuir isotherm:
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1 1 1= +
⋅m K c

where m in 
pmol/cm2 monolayer surface concentration and K

 The geometrical cal-
culated cross-sectional area of AFB1 molecule is 0.82 nm2 using the Marvin-Sketch theo-
retical model calculation method. From this and the m data the calculated theoretical 

and the calculated data, the theoretical surface coverage can be calculated.

-
 

Table 1): 

i) AFB1 molecules
2 molecules

2 rings

2

Table 1  

Measured systems  , nm ms
m, ng/cm2

ms, ng/cm2

 

concentration
1/ m, cm2/pmol m, pmol/cm2

i)* 0.19 5.67 5.00 0.055 18.18

ii)*
2 0.34 9.25 8.94 0.131 7.65

iii)* 2 
rings 0.42 14.45 11.05 0.021 46.30

iv)* 3.30 51.28 86.79 0.019** 51.28***

v)* 0.53 15.61 13.94 0.020 50.00

*The symbols used in the methods section.
1/mS

m, cm2

mS
m

2).

(1)
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AFB1 adsorption on SPR platform

and βCD-(SH)2 -

-
2 (Fig. 1), 

adsorption isotherm. 
The m

for AFB1 as apparent value: m
2. The monolayer adsorbed mass of 

ms
m

2) is very small, because a large 
proportion of the AFB1 molecules eliminates from the surface upon washing for 15 min-

calculated cross-sectional area of AFB1 molecule is 0.82 nm2 using the Marvin-Sketch 
theoretical model calculation method and the calculated theoretical adsorbed monolayer 
capacity for AFB1 is 202.5 pmol/cm2

-
rized in Table 1.

CD-(SH)2 adsorption on SPR platform

The adsorbed amount of βCD-(SH)2 -
βCD-(SH)2 was gradually increased up to 35 ng/mL. In the 

5–35 ng/mL concentration range 8.94 ng/cm2 -
2 calculated by Marvin-

Sketch is 2.30 nm2. After the desorption process the remaining apparent adsorbed amount 
2 was found to be m = 7.65 pmol/cm2

and the apparent adsorbed amount was ms
m = 9.25 ng/cm2 calculated from the Langmuir 

Figure 1
molecules adsorbed on Au surface
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2
the chemically adsorbed molecules were not eliminated from the surface with washing 

2 was 
72.2 pmol/cm2 -
face coverage is 7.65/72.2 =  After the analysis of the adsorption data we can 

-
vestigated analyte molecules.

AFB1 inclusion in CD-(SH)2

-
alized with 35 ng/mL of βCD-(SH)2 solution. AFB1 solutions (0.11–23.68 ng/mL) were 

the βCD-(SH)2
pmol/cm2. Enhanced adsorbed amount of AFB1 was reached by applying βCD mole-
cules, while 11.05 ng/cm2 on β  

than in the case of AFB1 without β

Characterization of CD-(SH)2  functionalized AuNPs

The AuβCD nanodispersion with 0.197 mg/mL concentration was produced by the above 

aureate anions were reduced in presence of βCD-(SH)2 molecules, while the plasmon 
4

surface functionalization. βCD nanodispersion is 
shifted by 9–11 nm towards higher wavelengths by the addition of various amounts (3–33 

Figure 2 2 -
2
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indicates linkage of the coated particles present. The zeta potential of the Auβ
nanodispersion increased from –28 mV to –41 mV as the effect of AFB1 addition, but 
remains the same value by further increase in AFB1 concentration. It can be established 

leads to the formation of more stable gold nanodispersion as concluded from the -poten-
tial values.

Adsorption of Au CD NPs on SPR platform

The adsorption of the Auβ β -

-
tration of Auβ β
amount indicated the development of additional layers. At 9.96 ng/mL concentration of 
the Αuβ 2

concentration was obtained to be 51.28 pmol/cm2. 

AFB1 inclusion in Au CD NPs on SPR platform

-

in monolayer. Then the AFB1 standard solution was introduced with 0.11–23.68 ng/mL 
concentrations and again followed by washing with MQ water among the addition of 
every concentration step (Fig. 4).

case the Auβ
β

Figure 3
2 before and after incorporation of AFB1 molecules
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2 surface, i.e. 13.94 ng/cm2 

adsorbed molecule and the relative monolayer surface concentration of the AFB1 mole-

2. 
Adsorption of AFB1 standard solution for characterization of the sensitivity was meas-

are added, sections corresponding to adsorption events are observed. Steeply decreasing 
desorption branches are seen at the last three concentrations (10–30 and 60 pg/mL), fol-

2). The amount 

from the value obtained for AuβCD. The calculation of AFB1 concentration was carried 

-

research groups focus on the rapid and simple detection from maize grift samples. The 

et al. 2000; Li and Zhang 2009; Moricz et al. 2007). Urusov et al. (2014a) describe a 

Figure 4
 

platform
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the 0.1 to 10 ng/mL concentration range. Some research groups also apply nanoparticles 

dots was evaluated by Lu et al. (2015). The obtained LOD value was 1.4 nM with the 

βCD and determined the limit of de-
tection to 160 pg/mL if detected visually, and to 30 pg/mL via instrumental detection. 

 

analysis using the same reagents. In contrast, there is no detectable signal below ~400  
 

~30 pg/mL.

-
-

ment on the detection limit of AFB1. The disadvantage of this method is that the host–
-

Labs®) can result clean, interference free measurable solution after elution processes. 

here.

concentration for standard AFB1 in acetonitrile medium is 1 pg/mL (Fig. 5). The proce-
dure can also serve for determination of the adsorbed amount of AFB1 having a close 
relation – in the knowledge of adsorption isotherms – between the concentration of ana-

Figure 5 -



 MAJZIK et al.: AFB1 Detection Using Gold Nanoparticles 435

Cereal Research Communications 43, 2015

AFB1 was found to be 0.1 ng/mL in 0.11–2.22 ng/mL concentration range and the low 
βCD 

compared to literature values measured to be 0.8 pg/mL in the 1–60 pg/mL concentration 
range at the signal-to-noise ratio 3:1 on Auβ
Flow Hungary 2013).

β -

1000 type instrument with LOD values of 190 pg/mL against 3000 pg/mL, while our de-

mL value using the Auβ -

in Table 2).

-

 
Table 2

Detection limit 
(pg/mL)

Measured range 
(pg/mL) Reference

3,000 3,000–98,000 [Dunne et al., 2005]
190 190–24,000 [Soft Flow Hungary, 2013]
170 170–33,500

170 110–23,680 2 rings

(2 ppm) 
0.8 10–23,680

400 1–500 Measured values/maize meal

ELISA Kit/buffer 25 25–200 [Var et al., 2007]
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