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Foodborne diseases caused by resistance of microorganisms to multiple antimicrobial agents have emerged as a major public health concern around the world. The search for potential antimicrobials has resulted in the emergence of metal nanoparticle for protection against these infections. In this study an eco-friendly and green approach was used to biosynthesis hybrid Ag/AgCl nanoparticles (NPs), using levan from Bacillus mojavensis as a stabilizing/reducing agent, with a high efficiency against a broad spectrum of foodborne bacteria as well as biofilm formations. The morphology and physicochemical characteristics of levan-Ag/AgCl NPs were investigated by transmission electron microscopy (TEM), X-ray diffraction (XRD), UV-vis spectroscopy (UV), dynamic light scattering (DLS) and thermogravimetric analysis (TGA). The hybrid levan-Ag/AgCl was evaluated for antibacterial activity against foodborne pathogenic bacteria (Escherichia coli, Klebsiella pneumonia, Salmonella enterica, Pseudomonas aeruginosa, Staphylococcus aureus, Micrococcus luteus, Listeria monocytogenes, Enterococcus faecalis, Bacillus subtilis and Bacillus thuringiensis). The study demonstrated the strong efficiency of hybrid levan-Ag/AgCl NPs as a potent inhibitor against all tested strains, with much higher activity against Gram-negative than Gram-positive bacteria. Furthermore, bacterial strains were found to be highly sensitive to hybrid levan-Ag/AgCl NPs in comparison to the tested antibiotics.

As a possible application of levan-Ag/AgCl NPs as an additive in packaging, PVA films with different amounts of hybrid levan-Ag/AgCl NPs were prepared by casting and their antibacterial, mechanical, optical, and aptitude to expand the shelf life of beef meat was explored. Interestingly, the amount of Ag leached out from films was below the permissible limit. This work demonstrates the strong antibacterial action of hybrid levan-Ag/AgCl NPs and its potential use in bioactive packaging material.

Introduction

Noble metal nanoparticles such as silver nanoparticles (AgNPs) are one of the most investigated and used bioactive compounds. Due to their peculiar properties, they have been widely used as sensors [1][2][3] and antimicrobial agents. [4][5][6][7] Likewise, hybrid metal/semiconductor nanocomposites have been explored and used as antibacterial agents. [8][9][10] Silver-silver chloride (Ag/AgCl) NPs have attracted great interest due to their remarkable photocatalytic characteristics. [11][12][13][14] Furthermore, Ag/AgCl nanoparticles showed antibacterial and antifungal activities. [15][16][17] AgNPs possess a broad spectrum of action against bacteria, fungi and viruses. Due to complex mechanisms of biological interaction, they have a lower capacity to induce resistance. 18 Generally, the antimicrobial activities are correlated with the action of silver materials such as silver ions, silver NPs, silver chloride NPs, silver-silver chloride NPs or others. Ag/AgCl NPs are widely used in daily life commercial products. [START_REF] Maynard | The nanotechnology consumer products inventory[END_REF] due to their important bactericidal property coupled with low toxicity towards mammalian cells. [START_REF] Rai | [END_REF][21] However, the antibacterial effect of Ag/AgCl showed some limitations due to the weak stability and aggregation tendency of the NPs. 22 Hence, increasing the Ag/AgCl NPs stability is more appropriate for important antibacterial activities.

Synthesis routes of AgNPs and Ag/AgCl NPs include physical, chemical and hybrid techniques such as photochemical, 23 electrochemical, 24 and irradiation 25 procedures. The most common method was the chemical reduction to develop AgNPs with different sizes and morphologies. 26 Nevertheless, chemical reducing agents can be harmful to living organisms and result in the production of toxic byproducts. AgNPs can be produced with many defined shapes and in large amounts via a biologically-controlled synthesis. 27 In this green chemistry approach, sugars, like sucrose, 28 and polysaccharides, such as starch 29 chitosan, [30][31] or cellulose 32 have been used as reducing and stabilizing agents.

Levan is a naturally occurring polymer with b-2,6-linked fructosyl units. The excellent biocompatibility, biodegradability and non-toxicity of levan makes it a valuable polymer for biobased materials development. [33][START_REF] Kang | Microbial Production of Biopolymers and Polymer Precursors: Applications and Perspectives[END_REF] Moreover, levan has been widely used in the food, cosmetic and pharmaceutical sectors as antitumor, [START_REF] Yoo | [END_REF] anti-inflammatory 36 and antioxidant agent. 37 Levan application has now extended into the field of nanotechnology, where it is used as capping agent for NPs synthesis. [38][39][40][41][42] Due to its chemical characteristics, levan can be distinguished from other biopolymers by its good solubility in oil, high water and oil holding, good biocompatibility, low viscosity and stability to heat, acid, and alkali. [43][44] Levan has been reported to form NPs by selfassembly in water. 45 The levan produced by Acetobacter xylinum NCIM2526 has been reported as a potential candidate for biosynthesis of Ag and Au nanoparticles. 46 Authors attribute this property of levan to the large number of hydroxyl groups in the structure that establish electrostatic interaction with the NPs, allowing their stabilization. In the same context, González-Garcinuño et al. 47 prepared spherical levan silver-coated nanoparticles with bactericidal effect. Microbial contamination of foods is one of the major problems, considering the impact on the public health due to foodborne diseases 48 . Even though new antimicrobial agents have been developed, none has shown to be totally effective against multidrug-resistant bacteria and bacteria that grow on biofilms. 49 This study was undertaken to show the promising antibacterial and antibiofilm properties of Ag/AgCl nanoparticles.

Despite the existing studies on the different properties of bacterial levan and its use on the production of AgNPs, there has been no report, to our best knowledge, presenting the biosynthesis of hybrid levan-Ag/AgCl NPs. The present study, levan acted as a reducing and stabilizing agent to produce levan-Ag/AgCl NPs. The size distribution of the NPs was evaluated by transmission electron microscopy (TEM) and the crystallinity was assessed using X-ray diffraction (XRD). The antimicrobial properties of the resulting levan-Ag/AgCl NPs against Gram-positive and Gramnegative bacteria were investigated. Moreover, the development of poly(vinyl alcohol) bioactive nanocomposite films functionalized with levan-Ag/AgCl nanoparticles for meat packaging was studied.

Material and methods

Production and purification of levan from B. mojavensis

Levan was produced using a culture medium containing sucrose as the main carbon source.

The composition of the medium used for the cultivations, was (in g L -1 ): 50 sucrose; 0.4 CaCl2; 1.5 K2HPO4; 0.2 KH2PO4; 0.15 MgSO4•7H2O and 2 yeast extract. The pH of the culture was adjusted to 7.0 before autoclaving, and the flasks were incubated in an orbital shaker at 150 rpm, at 37 °C for 48 h. After ethanol precipitation and dialysis, levan was purified by ethanol precipitation fractionation according to our previously reported data. 44 

Synthesis of hybrid levan-Ag/AgCl nanoparticles

AgNO3 (12.5 mL, 0.02 M) was dissolved in distilled water and transferred into a 50 mL beaker. While the silver salt solutions were stirred, 37.5 mL of 0.5% w/v levan solution in distilled water were added and exposed to two 8W Fluorescent UV-C Tube Lights (Philips/Osram) during 10-30 min. The irradiation source was maintained at about 30 cm from the vessel containing the levan-AgNO3 solution.

Characterization of synthesized hybrid levan-Ag/AgCl nanoparticles

Thermogravimetric analysis

The thermogravimetric analysis (TGA) was performed with a thermogravimetric analyzer (TGA 400 Perkin Elmer). Samples were about 5 mg and the heating cycle was from 50 to 800 °C at a heating rate of 10 °C min -1 under air flow.

X-ray diffraction (XRD) analysis

XRD profiles were recorded with a Bruker AXS reflection diffractometer (Madison, WI, USA) using the CuKα radiation, generated at 30 kV and an incident current of 100 mA. Hybrid levan-Ag/AgCl samples were dried and cut in small pieces and the scanning was performed from 5 to 40° using 0.05° and 10 s as a scanning and time step, respectively. The crystallinity index (CrI) was calculated from the XRD patterns using Segal's method. 50 

Dynamic light scattering (DLS)

The average diameter of hybrid levan-Ag/AgCl NPs was determined using DLS (Malvern Zetasizer Nano S, Malvern Instruments Ltd.). The sample was diluted 10 times. Each measurement was repeated three times, and the average value was retained as the particle size.

Transmission electron microscopy (TEM)

Droplets of dilute levan-Ag/AgCl suspension were deposited on freshly glow-discharged carbon-coated copper grids and allowed to dry after negative staining with 2 wt% uranyl acetate. The specimens were observed with a JEOL JEM-2100-Plus microscope operating at 200 kV and images were recorded using a Gatan Rio 16 camera. The size of the AgNPs was measured from the images using the ImageJ software. 

Antibacterial and anti-biofilm activities of hybrid levan-Ag/AgCl nanoparticles

Anti-bacterial activity of hybrid levan-Ag/AgCl nanoparticles

Culture suspensions (100 µL) of the microorganisms (10 6 colony-forming units, CFU mL -1 ) were inoculated onto the surface of spread on Luria-Bertani (LB) agar. Then, hybrid levan-Ag/AgCl nanoparticles at concentrations of 2.5, 5, 10, 20 and 40 µg mL -1 were loaded into wells (5 mm in diameter) punched in the agar layer. Thereafter, the agar plates were kept for 1 h at 4 °C, and then, they were incubated for 24 h at 37 °C. The antimicrobial activity was evaluated by determining the zone of growth inhibition (diameter expressed in millimeters) around the wells. The growth of bacteria in liquid broth containing various concentrations of hybrid levan-Ag/AgCl NPs was investigated. Log phase bacterial cultures in LB medium were incubated at 37 °C at 150 rpm, after the addition of levan-Ag/AgCl NPs at different concentrations (2.5, 5, 10, 20 and 40 µg mL -1 ).

Control broths were used without NPs. The bacterial growth was monitored at a 2-h interval of by the absorbance of the culture media at 600 nm.

Determination of minimal inhibitory concentration (MIC)

The MIC was defined as the lowest concentration of levan-Ag/AgCl NPs at which no visible growth of the bacterial strains was observed. It was determined using microbroth dilution method in a 96-wells microtiter culture plate as described by Andrews. 51 The bacterial strains treated with two-fold serial dilutions of hybrid levan-Ag/AgCl NPs and ranging from 2.5 to 80 µg mL -1 were incubated at 37 °C for 24 h.

Inhibition of biofilm forming abilities of hybrid levan-Ag/AgCl nanoparticles

The inhibition of biofilm formation after treatment with levan-Ag/AgCl NPs was quantified by employing the microtiter crystal violet assay. 52 Briefly, 20 µL of freshly cultured bacteria was admixed with 180 µL of varying concentrations (2.5, 5, 10, 20, and 40 µg mL -1 ) of hybrid levan-Ag/AgCl NPs and the plates were then kept in incubator for 24 h. The cells without levan-Ag/AgCl NPs were considered as control group. After incubation, the content from the microtiter wells was decanted and gently washed with phosphate-buffered saline (PBS) and left for drying.

The adhered biofilm biomass was then stained with a crystal violet solution (0.1% w/v) for 30 min.

The excess dye was decanted, washed again with PBS and the wells allowed until completely dry.

The stained biofilm was then solubilized in 95 % ethanol and quantified by optical density at 595 nm. 53 

Preparation of PVA nanocomposite films functionalized with hybrid levan-Ag/AgCl NPs

A PVA solution (10% w/v) was prepared by dissolving PVA in distilled water under stirring for 3 h at 85 °C. Hybrid levan-Ag/AgCl NPs were added to the PVA solutions and mixed under continuous stirring at room temperature (25 °C) for at least 1 h to make sure that the mixture was completely homogeneous. Glycerol was added as a plasticizer to the hybrid levan-Ag/AgCl-PVA mixture solution up to a fraction of 5% (based on PVA weight).

The film-forming solutions were cast in a plastic mold and left at 25 ± 2 °C during 24 h until complete evaporation of water. The resulting PVA-levan-Ag/AgCl nanocomposite films (LSNFs) were then stored in desiccators containing Mg(NO3)2 saturated solutions, at 25 °C for 48 h and 50% of relative humidity. LSNF1, LSNF2, and LSNF3 films were prepared by using 0.5, 1, and 2% of hybrid levan-Ag/AgCl NPs, respectively, while LSNF0 contained only PVA.

Mechanical properties of hybrid levan-Ag/AgCl-PVA blend films

The tensile strength (TS) and elongation at break (EAB) of the films were measured as described by Iwata et al. 54 using an Instron testing machine. The test was performed in a controlled environment at 25 °C and 50 % relative humidity (RH). Four film samples (2 cm × 4 cm) with the initial grip length of 3 cm were used for testing. The film samples were clamped and deformed under tensile loading using a 100 N load cell with the cross-head speed of 5 mm min -1 until the samples were broken. TS values were calculated by dividing the maximum load (N) by the initial cross-sectional area (m 2 ) of the specimen. EAB was calculated as the ratio of the final length at the point of sample rupture to the initial length of the specimen and expressed as a percentage.

Optical absorption analysis

Nanocomposite film samples were cut into rectangles (1 cm × 3 cm) and placed in the spectrophotometer test cell. The barrier properties of films were measured at wavelengths ranging between 300 and 800 nm, using a UV-visible spectrophotometer.

Antibacterial activity of PVA-levan-Ag/AgCl nanocomposite films

PVA-levan-Ag/AgCl nanocomposite films were tested for their antibacterial activities using the agar well diffusion method. E. coli (ATCC 25922), K. pneumonia (ATCC 13883), S. enterica (ATCC 43972) and P. aeruginosa (ATCC 27853) S. aureus (ATCC 25923), M. luteus (ATCC 4698), L. monocytogenes (ATCC 43251) and E. faecalis (ATCC 29212) were selected for this investigation. The bacteria were firstly cultured in a flask containing 9 mL of LB. The culture was incubated at 37 °C at 150 rpm for 18 h. Then, 100-µL aliquots of each culture suspension (10 6 CFU mL -1 ) were taken for antibacterial assays. The nanocomposite films (1 cm × 1 cm) were first sterilized by UV light for 10 min and then placed on the plate surface and incubated for 24 h at 37 °C for bactericidal activity assay. The antibacterial activity was assessed by the appearance of an inhibition area below or around the film. Pure PVA films were used for comparison.

Application of the active films for minced beef meat packaging

Fresh beef minced meat samples, purchased from local supermarket in Sfax (Tunisia), were prepared as 25-g square pieces under aseptic conditions. Then, the samples were wrapped with the prepared film samples (70 mm × 70 mm). In addition, the control meat sample was wrapped with pure PVA film at the same size. All beef meat samples were stored for 7 days at 4 °C and analyzed at 1, 3, 5 and 7 days.

Microbiological analyses of beef meat during storage

Microbiological analyses were performed on the whole of the minced meat. Samples of each minced meat were suspended in sterile peptone-water solution and homogenized for 2 min at room temperature. Total aerobic counts were enumerated on Plate Count Agar (PCA), incubated at 30 °C for 48 h. Coliforms were enumerated on Violet Red Bile Lactose agar (VRBL), incubated for 24 h at 37or 44 °C for total and fecal coliforms, respectively. Psychrophilic bacteria were evaluated using PCA after incubation at 4 °C for 5 days. Salmonella was detected by a presence-absence test. First, 25 g of samples were homogenized in 225 mL of buffered peptone water and incubated for 24 h at 37 °C. After incubation, 1 mL was transferred to 10 mL of selenitecystine broth and incubated at 37 °C for 24 h. Then, a loop full of broth was plated onto Hektoen medium and incubated at 37 °C for 24 h.

ICP-OES analysis of released silver

Composite films (10 cm×10 cm) containing hybrid levan-Ag/AgCl NPs were left in 1 L of 3% (w/w) acetic solution for 5 days at 40°C under shaking and the total Ag content was evaluated by inductively coupled plasma optical emission spectrometer (PerkinElmer Optima7300 DV ICP-OE) after acidifying with nitric acid. For calibration, a silver standard solution was used. The limit of detection for the ICP-AES was taken as 0.005 mg L -1 .

Results and discussion

Levan-Ag/AgCl nanoparticle synthesis and morphological characterization

Levan was isolated from the B. mojavensis culture, and its backbone was identified as main composed of D-fructosyl residues linked by β-2,6-glycosidic bonds that can be occasionally branched through β-2,1-linkages. 44 The hybrid levan-Ag/AgCl material was prepared by simply adding AgNO3 aqueous solution to levan, then exposed to UV-light irradiation from 10 to 30 min.

The suspension progressively turned to yellow-brown indicating the generation of hybrid levan-Ag/AgCl NPs (Figure 1A). This hypothesis was confirmed through multiple characterization methods. The UV-Vis spectrum showed a broad absorption band peaking at 420-430 nm which is typical of plasmon resonance band for hybrid levan-Ag/AgCl NPs (Figure 1B). The increasing intensity of this band with time indicates an increase of the concentration of hybrid levan-Ag/AgCl with irradiation time (Figure 1B). The broadening of the plasmon band is likely due to the growth of hybrid levan-Ag/AgCl NPs. Another direct evidence of the generation of metallic Ag/AgCl was provided by the XRD profile from freeze-dried hybrid levan-Ag/AgCl NPs (Figure 1C), where the characteristic peaks of metallic Ag located at 37.5 and 43.5° corresponding to (1 1 1) and (0 0 2) reticular planes of cubic Ag (JCPDS No. 65-2871). However, in addition to Ag peaks, the spectra showed intense peaks at 27.8, 32.6, 46.4, 54.9 and 57.6° which are characteristic of (1 1 1), (2 0 0), (2 2 0), (3 1 1) and (2 2 2) diffracting planes of cubic AgCl crystals (JCPDS No. 31-1238). This means that AgCl was also formed in addition to Ag, the presence of which is probably due to the existence of residual Cl -ions introduced during the synthesis of levan.

The average particle size of hybrid levan-Ag/AgCl at different pH, assessed by DLS, revealed a monomodal distribution in size peaking at around 230 nm at a pH from 3.5 to 7 and decreasing to about 160 nm at pH 9 (Figure 2A). The zeta potential remained roughly unchanged at around -7 to -9 mV, suggesting that the particles of hybrid levan-Ag/AgCl were barely charged and that the colloidal stability was ensured by steric effect, presumably by the polyfructose chains encapsulation the hybrid levan-Ag/AgCl NPs. The high density of hydroxyl groups in levan (3 groups/fructosyl unit) along with the branching structure are likely to contribute to the capping of the Ag/AgCl NPs generated by the levan chains. The absence of charged groups such as carboxyl, sulfate or amine justifies the low magnitude of zeta-potential of hybrid levan-Ag/AgCl. Interestingly, hybrid levan-Ag/AgCl NPs could be easily redispersed by gentle shaking after lyophilization (Figure 2B), which contributes to facilitate the use of hybrid levan-Ag/AgCl NPs as additive in waterborne materials. TEM images of a dry specimen revealed the presence of spherical levan-Ag/AgCl NPs with a size ranging from 20 to 50 nm which were smaller comparing to the particle size distribution obtained from DLS (Figure 2A). The higher size given from DLS suggested that some aggregation occurred among the generated hybrid levan-Ag/AgClNPs, which was confirmed by TEM images (Figure 2C). In fact, given the lack of ionic charges on the surface of levan-Ag/AgCl NPs, weak aggregation of the elementary particles is inevitable leading to the formation of coarse particles with size from 100 to 400 nm (Figure 2A). However, we infer that the presence of levan encapsulating the Ag/AgCl NPs contributed to avoid the irreversible aggregation thanks to its hydration with water molecules and gentle shaking redisperse again the particles. This is attested by the facile redispersion of lyophilized levan-Ag/AgCl after addition of water (Figure 2B). The hypothesis of encapsulation of Ag/AgCl by levan is supported by TEM observation, where the particles seem to be coated by an organic layer (Figure 2C inset).

The TGA thermogram of neat levan and hybrid levan-Ag/AgCl NPs under air atmosphere (Figure 3), showed a first weight loss from 50 to 150 °C corresponding to the evaporation of water bound to levan. Immediately after this event, an important weight loss of about 40-50 % extending from 190 to 240 °C was observed, which is due to the thermal decomposition of levan involving the breaking of the branch chain linkages β-(2,1) and the main chain β-(2,6) backbone. 55 In levan-Ag/AgCl NPs, the thermal decomposition was observed at lower temperature than levan, starting at about 170 °C and involving three steps at 170-250, 250-350 and 350-650 °C.

The ash content increased from about 4.5% for neat levan to 12% for levan-Ag/AgCl NPs, meaning that the content in Ag/AgCl in levan-Ag/AgCl NPs may be estimated to about 7.5%.

Although numerous papers have reported the successful use of carbohydrates and biopolymers such as cellulose, chitosan, pectin, guar gum, inulin and levan as reducing and stabilizing agent to generate stable hybrid levan-Ag/AgCl NPs, the exact mechanism explaining the generation, the growth and the stabilizing action of these biopolymers has not been fully elucidated yet. However, it was suggested that hydroxyl groups are on the reducing species and will act in a similar way like polyethylene glycol. [28][29][56][57] In the present case, we assumed that the formation of AgCl was the first step occurring immediately following the addition of AgNO3 solution, thanks to the presence of chloride ions in the levan solution. Upon absorption of a photon, AgCl produces one electron and one hole, followed by electron transfer to transform the Ag + to an Ag atom to generate Ag cluster by repeating this process. This phenomenon is similar to that occurring in black and white photography, [START_REF] Kelter | Chemistry: The Practical Science[END_REF] where silver halides were photoreduced to Ag, forming the image, when exposed to light.

Antibacterial activity of hybrid levan-Ag/AgCl NPs

To investigate the antibacterial action of the hybrid levan-Ag/AgCl, ten pathogenic bacteria, four Gram-negative: E. coli, K. pneumoniae, P. aeruginosa, S. enterica and six Gram-positive: S. aureus, M. luteus, L. monocytogenes, E. faecalis, B. subtilis and B. thuringiensis were tested using the agar well diffusion method (2.5, 5, 10, 20 and 40 µg mL -1 ). The control was bacteria grown without levan-Ag/AgCl NP addition. The zone inhibition values of tested bacteria and ampicillin used as control are given in Table 1. Levan-Ag/AgCl NPs exhibited a concentration-dependent growth inhibition efficacy against both Gram-positive and Gram-negative bacteria. It was found that the antibacterial effect of levan-Ag/AgCl NPs were not uniform across studied foodborne pathogenic strains. Results showed also that S. aureus and P. aeruginosa were completely resistant to ampicillin, but all tested strains were sensitive to levan-Ag/AgCl NPs at all concentrations. The mean value of zones of inhibition noted for foodborne pathogenic bacteria were in the range of 25 to 32 mm. Similar results were obtained with S. aureus and E. coli in the presence of 0-12 µg mL -1 of AgNPs synthesis with levan produced by B. amyloliquefaciens PB6. [START_REF] Zhang | [END_REF] In the same context, González-Garcinuño 47 reported a significant bactericidal effect of silver nanoparticles produced using levan synthesis in a cell free system. Additionally, silver nanoparticles prepared using carbohydrates (sucrose, soluble and waxy corn starch) as reducing and stabilizing agents exhibited excellent bactericidal activity against both Gram-positive and Gram-negative bacteria. 25 The results indicated that levan-Ag/AgCl NPs were more effective against Gram-negative than Gram-positive bacteria. This difference agrees with the report by González-Garcinuño 47 , Kawahara 60 , and Taglietti 61 The authors attributed this difference to the structure between the cell wall the two groups of bacteria. In fact, it can be associated with the penetration of the B. mojavensis levan into the cytoplasm of the bacteria, with the subsequent local interaction of Ag with cell components causing the destruction of the cells.

Table 1 shows that the minimum inhibitory concentration (MIC) of hybrid levan-Ag/AgCl

NPs is within the 20-40 µg mL -1 range. Moreover, the tested hybrid levan-Ag/AgCl NPs showed a low efficiency against Gram-positive bacteria except for E. fecalis, but a high inhibitory capacity against Gram-negative bacteria. This is probably due to the immobilization of silver ions to the levan and formation of (Ag, AgCl) NPs/levan complex, which subsequently causes the inhibitory activity. The MIC of levan-Ag/AgCl NPs was lower compared to that of Ag/AgCl synthesized using an aqueous plant extract (0.25-1 mg mL -1 ). 62 In the same context, Zhao 63 reported a MIC of Ag/AgCl/anhydrous basic bismuth nitrate (ABBN) against E. coli of about 35 µg mL -1 .

The extent of bactericidal activity of B. mojavensis levan-Ag/AgCl can be assessed by studying the growth kinetics of bacterial strains in dose-dependent manner. Growth kinetics in liquid media of all tested foodborne pathogenic bacteria at different concentrations of levan-Ag/AgCl NPs are shown in Figure 4. Successful antibacterial efficacy of levan-Ag/AgCl NPs was observed. The incorporation of levan-Ag/AgCl NPs affected the growth kinetics as compared to the control (growth without levan-Ag/AgCl NPs). The partial growth of bacterial strains was visible up to 5 µg mL -1 dose of levan-Ag/AgCl NPs. These results confirmed the positive impact of levan-Ag/AgCl NPs in the inhibition of pathogenic bacteria. Similar to this study, Zhang 59 investigated the effect of AgNPs capped with B. amyloliquefaciens PB6 levan against S. aureus and E. coli in liquid media. The authors reported a positive effect of AgNPs against the studied strains.

In support of the above discussions, the antibacterial effect of levan-Ag/AgCl NPs was further investigated using information from the MIC assay on solid media. E. coli, K. pneumonia, S. enterica, P. aeruginosa, S. aureus, M. luteus, L. monocytogenes, E. faecalis, B. subtilis and B.

thuringiensis were used at concentrations ranging from 2.5 µg mL -1 to 80 µg mL -1 . Figure 5A depicts the effective antibacterial activity at various levan-Ag/AgCl NP concentrations. Beyond 40 µg mL -1 , there was no bacterial growth for all tested foodborne strains. The CFU of foodborne pathogenic bacteria was determined after incubation at 20 h (Figure 5B). The results showed that levan-Ag/AgCl NPs inhibited bacterial growth of E. coli, P. aeruginosa, K. pneumonia, E. faecalis at 20 µg mL -1 . Moreover, S. enterica, S. aureus, M. luteus, L. monocytogenes, B. subtilis and B.

thuringiensis were inhibited at 40 µg mL -1 . This finding confirms previous results on the antibacterial activity in liquid media. However, the mechanisms of action of AgNPs on the bacterial growth is still a matter of debate. The generation of reactive oxygen species (ROS) likely causes structural and morphological damages of the microorganisms. 64 Some authors suggested that probably the release of silver ion by the silver nanoparticles into bacteria can cause cell lysis or inhibit cell transduction and bacterial death. [65][66] 

Influence of levan-Ag/AgCl on the antibiofilm activity

Levan-Ag/AgCl NPs were also tested against foodborne pathogenic producing biofilm bacteria. The results showed that levan-Ag/AgCl NPs exhibited inhibitory activity with varying efficiencies, depending on the used concentrations. The capacity of levan-Ag/AgCl NPs to inhibit the biofilm formation increased proportionally with their concentrations (2.5, 5, 10, 20 and 40 µg mL -1 ) (Figure 6). At a concentration of 40 µg mL -1 , levan-Ag/AgCl NPs inhibited Gramnegative bacteria: P. aeruginosa, K. pneumonia, E. coli, and S. typhimurium by 91.65, 89.2, 92.5, and 89.8% of biofilm inhibition, respectively. The maximum percent of biofilm inhibition for Gram-positive bacteria was obtained for B. subtilis and M. luteus (93%) at 40 µg mL -1 followed by S. aureus (92.7%), E. fecalis and B. thuringensis (92%) and L. monocytogenes (88%). Interestingly, our findings showed that levan-Ag/AgCl NPs effectively inhibited biofilm of Grampositive and Gram-negative bacteria in 24 h. In the same context, Kumar and Sujitha 67 reported that silver glyconanoparticles using kocuran, a biopolymer produced by Kocuria rosea, had antibiofilm activity against S. aureus and E. coli in a concentration-dependent manner. Gum Arabic was also used as capped agent for silver nanoparticles synthesis by Ansari. 68 In their study, the authors showed an efficient activity against biofilm forming P. aeruginosa. Biofilm inhibition of levan-Ag/AgCl NPs may be due to the inhibitory capacity on gene expressions linked to motility and biofilm generation. 21,69 From the obtained results, it can be concluded that levan-Ag/AgCl possesses a capacity to reduce biofilm and contrast its formation.

Development and characterization of PVA films incorporating levan-Ag/AgCl nanoparticles

Characterization and mechanical properties of PVA-levan-Ag/AgCl films

Given the strong antibacterial action of levan-Ag/AgCl for wide ranges of bacteria, PVA films containing different amount (between 0.5 and 2% based on PVA) of levan-Ag/AgCl NPs were prepared by mixing aqueous solution of PVA and levan-Ag/AgCl NPs suspension followed by solvent casting. After complete water evaporation, transparent film was obtained and their antibacterial and aptitude to improved packaging of beef meat were investigated. The choice of fully hydrolyzed PVA polymer was justified by the wide application of PVA in packaging thanks to its high barrier property against gases (especially oxygen transmission rate (OTR)), and the possibility to dissolve PVA in hot water, making easy the preparation of the PVA-levan-Ag/AgCl films, favoring their use in food packaging. [START_REF] Dhall | Encyclopedia of Renewable and Sustainable Materials[END_REF] The objective was to investigate how the inclusion of a small amount of levan-Ag/AgCl NPs in PVA films may introduce additional functionality to the PVA film, more specifically with regard to antibacterial properties and food conservation action. Films with three amounts of levan-Ag/AgCl NPs (0.5, 1 and 2% with respect to PVA) were prepared and tested in addition to PVA neat film. The photos of the films with different levan-Ag/AgCl NPs contents are shown in Figure 7A. As revealed from photos of PVA-levan-Ag/AgCl films and from transmittance measurement, the inclusion of levan-Ag/AgCl NPs at content lower than 2% did not meaningfully affect the transparency of the film.

The transmittance at 700 nm decreased from about 87 % for the neat PVA film to about 81 % in PVA film containing 2 % levan-Ag/AgCl NPs, which is low and indicative of effective dispersion of levan-Ag/AgCl within the PVA matrix (Figure 7B). Interestingly, it can be seen that the transmittance of PVA films incorporated with levan-Ag/AgCl NPs showed low light transmission, indicating strong absorption of light in the UV-domain in PVA-levan-Ag/AgCl films. These peculiar UV barrier properties would be beneficial in packaging application by delaying the oxidation of lipids.

The mechanical property of the PVA films at different concentrations of levan-Ag/AgCl NPs was assessed by tensile test analysis. The results shown in Figure 7C, revealed an enhancement in the tensile strength (s) of the films with inclusion of levan-Ag/AgCl NPs. The increment in s with respect to the neat matrix was around 10 %, 28 % and 60 % at levan-Ag/AgCl NP contents of 0.5, 1 and 2 wt%, respectively. This result was unexpected and suggested a possible interaction between the levan-Ag/AgCl NPs and the PVA matrix that explains the beneficial effect in the mechanical properties of the film. More work is needed to understand the mechanism by which levan-Ag/AgCl NPs affected the mechanical properties of PVA films.

3.4.2. Antibacterial activity of PVA-levan-Ag/AgCl nanocomposite films PVA-levan-Ag/AgCl nanocomposite films efficiency on bacterial growth inhibition was investigated. Our findings revealed that Gram-positive and Gram-negative bacteria were inhibited by PVA-levan-Ag/AgCl nanocomposite films as depicted on agar well diffusion method in Figure 8. Noticeable inhibition zones appeared for three bacteria E. coli, K. pneumoniea and S. thyphimirium exhibiting the effective antibacterial activities of the prepared nanocomposite films and inhibition was correlated with levan-Ag/AgCl NPs concentrations. Results showed also that the diameter of inhibition zone increased with increase of levan-Ag/AgCl nanoparticles. However, PVA did not show any antibacterial effect against all foodborne pathogenic bacterial strains. Results agree with Hajji [START_REF] Hajji | [END_REF] who reported antibacterial activity of nanocomposite films based on chitosan-poly(vinyl alcohol) and silver nanoparticles. In another report, Xin 72 described the antibacterial capacity of chitosan/curcumin nanoparticles based zein and potato starch composite films. In the same context, Sganzerla 73 investigated the antibacterial activity of nanocomposite poly (ethylene oxide) films functionalized with silver nanoparticles and they reported a strong antibacterial efficiency of prepared films. Li and Ding 74 reported that the silver nanoparticles may first cause the destruction of the bacterial cell membrane and can also damage some phosphate lipids and proteins and induce cell death. PVA nanocomposite film blended with 2% levan-Ag/AgCl NPs possessed the best antibacterial activity, suggesting this film could be potentially used in food application for development of packaging material.

Utilization of PVA-levan-Ag/AgCl nanocomposite films for meat packaging

Microbial contamination of meat products is found mostly on the product surface. Hence, the use of antimicrobial packaging would be a better alternative solution than incorporating the antimicrobial agents into the food products 75 as the packaging material interact actively with the food product and the environment. [START_REF] Angiolillo | Reference Module in Food Science[END_REF] Current progresses in nanotechnologies offer novel antimicrobial packaging materials with an extended shelf-life and improved safety of meat and meat products. [START_REF] Atarés | [END_REF] Table 2 shows the changes of total viable counts, psychrophilic bacteria, total and fecal coliforms, and salmonella of minced beef meat packaged with pure PVA film and PVA films blend supplemented with different concentrations of levan-Ag/AgCl NPs during refrigerated storage. PVA nanocomposite films incorporated with levan-Ag/AgCl nanoparticles exhibited significant inhibitory effects (p < 0.05) against tested bacteria than the control film (pure PVA without levan-Ag/AgCl NPs). Comparisons of the bacterial count reductions among the LSNFs at different concentrations of levan-Ag/AgCl NPs were significantly different (p<0.05). This suggests that the highest loading concentration (2%) is more efficient to inhibit the growth of bacteria. Furthermore, it is worth mentioning that all bacterial strains were increased, except fecal coliforms, indicators of fecal contamination, were diminished for meat sample wrapped with LSNF3 over 7 days of storage. Coliforms are commonly presented in nature and they are now considered sanitary indicators and food hygiene. [START_REF]Standard methods of analysis in food safety regulation[END_REF] Also, it should be noted that meat wrapped with only PVA exhibited the highest bacterial growth for all treatments in comparison with PVA blended films. The antimicrobial activity of levan-Ag/AgCl NPs is likely due to the slow release of silver ions and their interaction with the negatively charged biomolecules causing cell wall damage, structural changes in protein and its biological function and ultimately to cell death. [START_REF] Xing | [END_REF] The possible oxidative damage of proteins and DNA in the microbial after interaction with Ag/AgCl NPs on the surface of PVA film may also contributed to the deactivation process as highlighted in the literature data. [80][81] 

Release of Ag from nanocomposite films

For packaging films containing Ag/AgCl NPs, the possible release of silver from food contact materials by dissolution or leaching out of AgCl is inevitable, making necessary to estimate the amount of silver migration from the film. For this purpose, PVA film containing 1% levan-Ag/AgCl was immersed in 3% (w/w) acetic acid solution serving as food simulant, and the amount of released Ag after 5 days was assessed by ICP. It was found that the amount of released Ag was lower than 0.03 mg L -1 which fit with the European Food Safety Authority 82 setting a migration limit of 0.05 mg/L. Two possible reasons might explain the low migration/release of Ag from PVA-levan-Ag/AgCl: the first one is the low solubility of AgCl (solubility product, Ksp, for AgCl in water is 1.77×10 -10 at 25 °C), limiting the dissolution of Ag ions in water, and the second reason would be the effective binding of Ag/AgCl to levan and PVA matrix. The low migration/diffusion of Ag from PVA-levan-Ag/AgCl is of great benefice for application of levan-Ag/AgCl NPs as additive in food packaging based on fully hydrolyzed PVA films.

Conclusion

Employing an eco-friendly approach using levan from B. mojavensis as stabilizing agents gives a new viewpoint for effective levan-Ag/AgCl NPs as antibacterial agent for the development of bioactive food packaging materials. In the present study, hybrid levan-Ag/AgCl NPs were synthesized by UV-irradiation and their morphological and physicochemical characteristics were studied. Levan-Ag/AgCl showed significant antibacterial properties and antibiofilm activity against ten foodborne pathogenic bacteria. Levan-Ag/AgCl NPs incorporated in a PVA matrix showed a homogeneous morphology, with no formation of aggregates. Moreover, PVA-levan-Ag/AgCl films exhibited antibacterial activity. The antibacterial effect was directly proportional to the concentration of the Ag/AgCl NPs. Furthermore, the incorporation of PVA-levan-Ag/AgCl in nanocomposite films showed promising inhibition of bacterial growth for packaging of beef meat which can help to extend the food shelf life. These results suggest that these nanocomposite films could be effective in food packaging technology. 
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 41 Bacterial strains Gram-negative bacteria (Escherichia coli (ATCC 25922), Klebsiella pneumonia (ATCC 13883), Salmonella enterica (ATCC 43972), Pseudomonas aeruginosa (ATCC 27853)) and Gram-positive bacteria (Staphylococcus aureus (ATCC 25923), Micrococcus luteus (ATCC 4698), Listeria monocytogenes (ATCC 43251), Enterococcus faecalis (ATCC 29212), Bacillus subtilis (ATCC 6633), Bacillus thuringiensis (isolated in laboratory)) were used in this study.

Figure 1 .

 1 Figure 1. (A) Photos of the levan-AgNO3 solution at different irradiation time, (B) Timeevolution of the UV-Vis absorption of levan solution after addition of AgNO3 solution and exposition to UV-light, (C) XRD patterns of levan-AgNO3 after exposition to UV-light during 30 min and lyophilization.

Figure 2 .

 2 Figure 2. (A) Particle size distribution of hybrid levan-Ag/AgCl suspension at different pH, measured by DLS, and (B) Freeze-dried levan-Ag/AgCl after addition of water; (C) TEM image of hybrid levan-Ag/AgCl NPs obtained under 0.5% (w/w) levan solution containing AgNO3 (5.10 -3 M) exposed to UV-light during 30 min; (D) size distribution histogram of the nanoparticles measured from the TEM images.

Figure 3 .

 3 Figure 3. TGA of levan and hybrid levan-Ag/AgCl under air atmosphere.

Figure 4 .

 4 Figure 4. Dose-dependent antimicrobial efficacy of levan-Ag/AgCl NPs against Gram-negative and Gram-positive bacteria.

Figure 5 .

 5 Figure 5. (A) The antibacterial activity was tested against foodborne pathogenic bacteria on solid media. (B) The noted log10 CFU mL -1 readings from three biological replicates are plotted in Y-axis against different concentrations of levan-Ag/AgCl tested at X-axis, are shown as bar graphs.

Figure 6 .

 6 Figure 6. Anti-biofilm activity of levan Ag/AgCl NPs against Gram-positive (A) and Gramnegative (B) bacteria.

Figure 7 .

 7 Figure 7. (A) Photos of PVA-levan-Ag/AgCl films, (B) transmittance from 300 to 800 nm and (C) Stress-strain curves of PVA films with different content in levan-Ag/AgCl. PVA: without levan-Ag/AgCl NPs, LSNF1: PVA+0.5% levan-Ag/AgCl NPs, LSNF2: PVA+1% levan-Ag/AgCl NPs, LSNF3: PVA+2% levan-Ag/AgCl NPs).

Figure 8 .

 8 Figure 8. The digital photographs of antibacterial activities of PVA/Levan-Ag/AgCl NPs nanocomposite films against Gram-positive and Gram-negative bacteria. PVA without levan-Ag/AgCl NPs, LSNF1: PVA+0.5% levan-Ag/AgCl NPs, LSNF2: PVA+1% levan-Ag/AgCl NPs, LSNF3: PVA+2% levan-Ag/AgCl NPs.

Table 1 :

 1 Zone of inhibition (mm) and MIC (µg mL -1 ) for Gram-positive and Gram-negative bacterial strains in the presence of different levan-Ag/AgCl NPs concentrations.Control: Ampicillin (30 µg mL -1 for all tested bacteria); NH : No inhibition.

	Bacterial strains	Control	Levan-Ag/AgCl PNs (µg)/Zone of inhibition (mm)	MIC (µg)
		30	2.5	5	10	20	40	Levan-AgPNs
	Gram-positive bacteria						
	S. aureus	NH	9±0.51	11±0.75	22±0.58	24±0.26	28±0.99	40
	L. monocytogenes	33±1.1	13±0.23	17±0.63	18±0.44	20±0.43	25±0.81	40
	M. leteus	35±0.82	18±0.55	22±0.91	25±0.39	27±096	29±0.66	40
	E. fecalis	35±0.95 21±0.368 25±0.87	25±0.73	27±0.70	27±0.83	20
	B. subtilis	31±0.88	22±0.50	24±0.64	25±0.48	27±0.53	26±0.66	40
	B. thuringensis	30±0.73	21±0.37	24±0.29	25±0.41	28±0.70	26±0.74	40
	Gram-negative bacteria						
	E. coli	34±1.0	17±0.40	22±0.60	24±0.97	25±0.69	32±0.86	20
	P. aeruginosa	NH	12±0.33	19±0.42	22±0.58	24±0.31	31±0.53	20
	S. typhimirium	32±0.71	13±0.28	19±0.38	22±0.84	24±0.36	32±0.77	40
	K. pneumoniae	34±0.85	12±0.54	13±0.27	20±0.37	22±0.42	30±0.94	

Table 2 .

 2 The mean microbial count (log CFU g -1 ) of ground meat covered in PVA/levan-Ag/AgCl NPs nanocomposite films stored at 4 °C for 7 days.PVA without levan-Ag/AgCl NPs, LSNF1: PVA+0.5% levan-Ag/AgCl NPs, LSNF2: PVA+1% levan-Ag/AgCl NPs, LSNF3: PVA+2% levan-Ag/AgCl NPs. .04 4.30 ± 0.11 4.55 ± 0.06 4.90 ± 0.13 LSNAF1 3.81 ± 0.10 4.13 ± 0.15 4.23 ± 0.16 4.70 ± 0.20 LSNAF2 3.77 ± 0.12 3.83 ± 0.09 4.00 ± 0.13 4.52 ± 0.17 LSNAF3 3.66 ± 0.15 3.74 ± 0.16 3.85 ± 0.11 3.91 ± 0.05 Fecalcoliform )

	Microbes Treatment/Films			Storage time (day)
				1	3	5	7
	Total viable	PVA	4.95 ± 0.10 5.69 ± 0.15 6.02 ± 0.17 6.47 ± 0.10
	counts	LSNAF1 4.90 ± 0.05 5.17 ± 0.11	5.90± 0.13 6.17 ± 0.05
	-(log CFU g	) 1	LSNAF2 4.87 ± 0.11 5.04 ± 0.12	5.60 ±0.15 5.84 ± 0.10
			LSNAF3 4.77 ± 0.02 4.92 ± 0.09	4.98 ±0.08 5.18 ± 0.16
	Psychrophilic	PVA	absence	absence	absence 3.33 ± 0.11
	bacteria	LSNAF1	absence	absence	absence 3.00 ± 0.05
	-(log CFU g	) 1	LSNAF2	absence	absence	absence 2.77 ± 0.10
			LSNAF3	absence	absence	absence 2.30 ± 0.08
	Totalcoliform ) 1 -(log CFU g 3.84 ± 01 PVA PVA 3.60 ± 0.06 -g (log UFC LSNAF1 3.34 ± 0.11 3.40 ± 0.08 3.65 ± 0.05 3.92 ± 0.02 3.71± 0.12 3.90± 0.09 4.05 ± 0.15
			LSNAF2 3.30 ± 0.15 3.32 ± 0.13 3.55 ± 0.10	3.60 ± 0.05
			LSNAF3 3.23 ± 0.08 3.17 ± 0.05 2.95 ± 0.14	2.80 ± 0.20
	Salmonella	PVA	absence	absence	absence	absence
			LSNAF1	absence	absence	absence	absence
			LSNAF2	absence	absence	absence	absence
			LSNAF3	absence	absence	absence	absence
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