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Abstract 
Pathogenic bacteria in foods are the cause of 90% of the cases of reported foodborne illnesses. 

The Centers for Disease Control and Prevention estimate that there 70 million cases of foodborne 
diseases each year in the United States resulting in hospitalization of 325000 people, 5500 deaths, and an 
annular cost of 97 to 523 billion. In Romania incidence in the period 1986-2014 increased from 1 / 0004-
7 / 0.04 cases per year. Escheria coli O157: H7 and Listeria monocytogenes are the pathogens of most 
concern. Ground meat containing E. coli O157: H7 is now considered to be an adulterated food in the 
world, while Listeria monocytogenes has emerged as one of the most important food pathogens with a 
“zero tolerance”, criterion for it in “ready- to-eat” processed (lunch) meats and dairy foods. Currently, 
there are many different methods available for Listeria monocytogenes detection on the market. The most 
widely used method, due to cost and sensitivity considerations, is the traditional microbiological method 
of plating. This work reports the fabrication of a novel functionalized nanocomposite material capable of 
reticulation, degradation and efficiently encapsulation of very toxic organic compounds and their 
degradation by-products. Moreover, this class of nanostructured material allow development of more 
specific nanomedicine application such as neural regeneration, angiogenesis, islet transplantation, NOx 
release for neointimal hyperplasia, hard tissue replacement, as well as regeneration and biomineral 
templating. Also, magnetic stimulable nanoparticles (e.g. iron oxide-based nanomagnets), gold 
nanoparticles and quantum dots provide powerful tools for nanoengineering of specific nanoprobes 
intended for biological imaging (e.g. MRI contrast, fluorescence) and biological therapy (e.g. cancer 
diagnostics and therapy, stem cell and gene therapy, tissue engineering, advanced magnetics actuation of 
cells) in nanomedicine or other complex biological systems. 
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1. Introduction 

The consequences of interactions established between nanoparticles and human body, 
or other biological constituents of the environment (e.g. bioflora, ecosystems), may have as a 
results the alteration of initial assigned morphological, morphochemical and biological 
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structure and functionalities (SEIGNEUNIC & al. [1]). The biotoxicological data reflect the 
ability of particular nanostructured material to inhibit, or to alter, the structure and the 
functionalities of certain biostructures. (MIHRANYAN & al. [2]) Reported toxicological 
researches show that toxicological effects are mainly influenced by dimensions of 
nanoparticles and by their hosted functional structure (BHATIA [3]). However, in spite of 
many advances in the field of engineering of smart functionalized nanoparticles the 
biotoxicity remains the main factor which limits the applications of nanotechnologies 
(BERTHING & al. [4]). 

The currently available methods are effective for recovery of emergent bacteria from a 
variety of samples; positive results are not obtained until 5-7 days after sample collection 
(IVANA [5]). 

Rapid methods for detection of emergent bacteria that employ nucleic acid amplification 
and immunochemical techniques reduce the time needed to obtain results compared to culture 
based methods and offer the possibility of high throughput the market comprise PCR, probe 
hybridization, enzyme-linked immunoassay (ELISA) enzyme linked fluorescent assay (ELFA), 
lateral-flow and magnetic beat-based methods (IVANA [6]).  The time needed to obtain results 
decreases to 2-4 days for these assays, but most require enrichment steps to improve sensitivity 
and allow recovery of injurial or stressed organisms (RIZVI & al. [7]). The faster time-to-results 
and high throughput capabilities have led to increased adaption of PCR associated with use of 
PCR methods as compared to traditional culture methods and their lack of universal acceptance 
currently restricts the wide-spread use of molecular methods in general. PCR-based methods also 
have several limitations. Assay sensitivity, however is complicated by a number of factors, 
including low contamination levels, large sample volumes relative to reaction volumes and 
inhibition of the PCR reaction by components of the food matrix. Thus assay sensitivities 
typically do not reach theoretical values. Also, PCR only detects the presence of DNA and 
cannot indicate whether the pathogens are dead or alive.  The extension of nanotechnology 
applications in the field of life science was imposed by the complexity of the urgent needs in 
related domains such as nanomedicine, human health, biological sensing and control, biology, 
biotechnology, the environment protection and preservation, as well as by food control. 
Accordingly, different branched domains of nanotechnology and nanoengineering were 
approached including drug delivery, biosensing, bioimaging, tissue engineering, bioimplants 
fabrication, vaccine adjuvant, medical imaging, biological nanoprobing, biological hazard 
detection, disease treating, nanofiltration and bioprocessing (WEBBER & al. [8]). These 
approaches were involved the development of various strategy for the fabrication of novel 
biocompatible and smart functionalized nanomaterials able perform different functions from 
precise delivering of drugs to the collecting of specific targeted biomolecules for investigation 
(YUE & al. [9]). Carbon-based nanomaterials (nanotubes, fullerenes, graphtenes) show a 
promising potential for interfacing with biological systems owing to their increased 
bioavailability (LIN & al. [10]).  Also, by hosting of various chemical functionalities (synthetic 
polymers, nucleic acids, proteins, surfactants), carbon-based nanomaterials were subjects for 
many researches in order to develop solutions for gene, drugs, DNA, RNA and proteins delivery, 
as well as for biochemical sensing and imaging (ZAMORA & al. [11]). Dendrimers are other 
potential candidates for chemical designing of controlled nanostructured vehicles intended for 
drug transport and delivery such as host–guest complexes, covalently dendrimer attached drugs, 
self-immolative dendrimer drug systems, targeted drug delivery, dendrimers as drugs and 
therapeutics in the treatment of antiviral or antibacterial infections, dendrimers as therapeutics 
for antitumor and anticancer therapy, dendrimers as immune-stimulating or immune-suppressing 
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compounds, as well for dendrimers as mimics for naturally occurring macromolecules or even 
larger biostructures (ZAMORA & al. [11]). Like dendrimers, peptides and polymer conjugates 
show increased biocompatible behaviour when they are interfacing with biological systems.  

2. Materials and Methods
In our study we used the following materials: 5% blood agar (defibrinated sheep blood); 

Gram stain kit (gentian violet, Lugol, acetone alcohol mixture, 1/10 prepared 
extemporaneously Fuxin); Demi-Fraser broth, Palcom agar; TSYEA agar; chromogenic agar 
(rapid L. mono; Bio-Rad); buffered peptone water; magnetic nanoparticles. The homologated 
food composition was obtained from 25 g food with 225 ml. peptone water mixture, 
thoroughly mixed in a sterile blender. It was incubated at 20˚C, 1-2 hours. Pre-enrichment: 
We have mixed 25 g of the sample with 225 ml Demi-Fraser broth. Incubation was done at 
30˚C, for 24 hours. Selective enrichment: one ml of pre-enriched and resuscitated culture is 
inoculated in 100 ml broth Demi-Fraser. Incubate at 30 ° C, 24 hours. We can pass through 
selective isolation medium 0,1 ml from the preparation as such or from culture as such or the 
mixture 0.5 ml culture and 4.5 ml of KOH, and we streak it on the Palcom agar surface. 
Incubate at 35˚C, 24-48 hours. We’ve select five typical colonies and passed them in Petri 
dishes with nutrient agar (or TSYEA agar). Incubate at 35-37˚C, 18-24 hours. We determine 
CFU (colony forming units) using Petri dish cultures method. An overnight culture of Listeria 
monocytogenes was grown in BHI at 37˚C for the L. monocytogenes capture experiments. 
Based on plate counts, a 1x104 CFU/ml dilution was prepared using buffered peptone water, 
20 nl nanoparticles were added to one ml. with 104 cfu/ml of Listeria monocytogenes and 
incubated for 30 minutes on a rocking platform. The magnetic nanoparticles were than 
collected using a magnetic particle stand and washed once in 1 ml. PSB-T. The magnetic 
nanoparticles coupled with Listeria monocytogenes were re-suspended in 40 nl. PSB-T and 
plated on chromogenic agar (rapid L. mono; Bio-Rad).Nanocomposite fabrication: The 
fabrication process took place in the presence of 5 grams of TCCA. SEM and EDX 
investigations were performed in Politehnica University Bucharest. Material testing: The 
absorption of chemical warfare agents on various unfunctionalized oxidic substrates (TiO2, 
Al2O3, zeolites etc.) has been extensively studied, using different physical techniques, 
especially infrared and NMR spectroscopy (ZAMORA & al. [12]).  

3. Results and Conclusions
It can be seen SEM and EDX chemical mappings micrographs in the case of PM vs. FC 

(a) (Figure 1).  

(a) Figure 1. Spectroscopic measurements 
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We observe IR fingerprint of untested LiM, PM, PC (Figure 2), as well as in the case of 
normal saline solution (S), culture broth (CB) and cover glass (CG). Before sealing, water 
was removed by slow dehydration at 38oC. For convenience, in (Figure 2 a, b) we scaled the 
acquired IR signal of PC at 1, at 0.8 for CB, respectively at 0.9 in the case of CG (LÉVY & 
al. [13]). The (Figure 2 c) shows IR spectra of PM, PC and LiM after their interaction with 
functionalized nanocomposite material (FC) and with their structural element Fe3O4 
oxyfluoride coated nanoparticles (OF). The IR spectra were acquired in the case of tests 
performed in the presence of 10 time’s diluted biological cultures (KIM & al. [14]). For 
convenience, we were scaled the acquired IR signal at 0.8 in the case of PM tested in the 
presence of FC (PM vs. FC), respectively at 0.7 in the case of PC tested in the presence of FC 
(PC vs. FC). 

Biological viability tests results 
By using 24-hour fresh biological cultures, we perform dilutions by factor 10-1, 10-2,10-

3,10-4, respectively 10-5, by using 4.5 mL normal saline solution. Subsequently, 0.5 mL of 
functionalized suspension and 0.5 mL of freshly grown Listeria monocytogenes were mixed for 
about 30 second. After 12 hours, several drops of nanoparticle and microorganism previously 
built up mixture were collected and grown on a protein- enriched agar substrate. After 12 hours, 
the agar substrate was investigated in order to count the number of biologically viable bacterial 
colony. (ZAMORA & al. [12]). The results are summarized in (Table 1).  

Figure 2. Reference IR spectra of untested Listeria monocytogenes 
(broth culture, glass, normal saline solution) 
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Table 1. Summary of the results of biological viability investigations: 

Functionalized 
nanomaterial 

    Dilution of biological 
culture  

 Number of biological 
viable colony 

Counting of viable microorganism colony coming from supernatant 
Case of Listeria monocytogenes 

FC 
101 9
103 2
105 0

OF 
101 0
102 0
103 0

Biological viability investigation performed by homogenizing of whole biological reticulation volume
Listeria monocytogenes

FC 

101 24
102 18
103 9
104 1
105 0

OF 

101 0
102 0
103 0
104 0
105 0

Advantages and future perspectives of smart nanomaterials: taking into account the 
limitations of the current technologies of pollutant removal, one could have expected to find 
significant method.  

Investigation of degradation and encapsulation mechanisms: in spite of the many 
advances in the field of the degradation of toxic compounds, the development of sustainable 
environmentally friendly technologies still remains a problem.  

In summary, we have fabricated a functionalized nanocomposite material for the highly 
efficient degradation and encapsulation of a large number toxic organic compounds. 
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