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Abstract 
 
Gamma irradiation was used to cross-link milk proteins in order to enhance the physico-chemical properties of edible 
films made of calcium caseinate, whey protein isolate and glycerol. Fourier Transform Infrared analysis was used to 
characterize the conformation of proteins adopted after irradiation. The molecular weight of cross-linked proteins 
was measured by Size-Exclusion Chromatography. Furthermore, the effect of the addition of methylcellulose to the 
irradiated protein matrix on the rheological properties (puncture strength, puncture deformation and water vapor 
permeability) of films was also studied. Moreover, cross-linking of polysaccharides under paste-like state was 
investigated and the cross-linking degree of the gel products was determined by gel fraction measurements and 
solubility percentage.  
In order to prepare bioactive coatings, several antifungal compounds were evaluated as bioactive compounds in order 
to select one of them to prepare an antimicrobial solution to spray onto strawberries or to encapsulate them in film 
formulations composed of milk proteins and methylcellulose based films. In addition, the bioactive coatings 
containing the antifungals were used to increase the radiosensitivity under air of moulds and total flora in 
strawberries and the relative sensitivity of selected formulations was calculated from their D10 value. 
The film formulation selected was used as a bioactive edible coating in order to determine their efficiency to increase 
the shelf life of fresh strawberries and to preserve their quality during storage.  
 
1. INTRODUCTION 
 
1.1. Protein-Based Films and Coatings 
Proteins-based films and coatings have been applied with success using various proteins such as corn zein, 
wheat gluten, soy protein isolate, whey proteins isolate, and caseins [1,2]. However, the highly 
hydrophilic nature of protein coatings can limit their functional utilization [3]. While proteins have high 
film-forming properties primarily due to their ability to form hydrogen bonds, and hydrophobic or 
electrostatic interactions [4,5], cross-links formation is necessary to produce a strong, flexible film or 
coating. Physical-processed cross-linking of proteins can be achieved using thermocondensation 
(controlled heating) or gamma-irradiation [4]. Heat treatment creates disulfide bonds due to the oxidation 
of thiol groups from cystein residues. Gamma irradiation of proteins in aqueous solution allows creating 
intermolecular covalent cross-links issued from biphenolic products [4]. 
 
1.2. Edible coatings 
Edible coatings are traditionally used to improve food appearance and conservation due to their 
environmental-friendly nature [6]. Coating films can act as barriers to moisture and oxygen during 
processing, handling and storage [7]. Moreover, they can retard food deterioration by inhibiting the 
growth of microorganisms, due to their natural intrinsic activity or to the incorporation of antimicrobial 
compounds [8].  
Such edible films could also help to reduce food dehydration and therefore, improving the shelf life. 
However, the hydrophilic nature of these proteins limits their ability to provide desired edible film 
functions. Current approaches to extend functional and mechanical properties of these films, include (i) 
incorporation of hydrophobic compounds such as lipids to improve the water vapour permeability 
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resistance [2] (ii) optimization of the interaction between polymers (protein-protein interactions, charge-
charge electrostatic complexes between proteins and polysaccharides) and (iii) formation of cross-links 
through physical, chemical, or enzymatic treatments [9]. Heat was essential for the formation of the 
intermolecular disulfide bonds in whey proteins [10]. It has been demonstrated that gamma-irradiation 
produces bityrosine bridges between protein chains, improve the mechanical, structural and barrier 
properties of edible coatings and biodegradable films [11]. 
Bioactive compounds can be added to such coatings in order to lengthen shelf life, to assure the innocuity, 
and to preserve nutritional values of foods [5]. Bioactive agents such as EOs are secondary metabolites of 
the plant and have long been used as flavouring agents in the food industry [12]. Moreover, EOs have 
been found to exhibit antimicrobial and antifungal properties, making them natural alternatives to combat 
foodborne pathogens and normal food decay caused by bacterial and mould growth. 
 
1.3. Polysaccharides-Based Films and Coatings 
Polysaccharides are often used in films and coatings due to their ability to form stable and rigid gels [4]. 
While their hydrophilic nature can hamper their utilization, these types of films and coatings can preserve 
the sensorial qualities of food, limit racidification, prevent fat migration and may be antimicrobial [13]. 
Some common used polysaccharides include cellulose derivatives such as methyl-cellulose (MC), 
hydroxypropyl-cellulose (HPC) and carboxymethyl-cellulose (CMC), alginate, and chitosan. According to 
Ressouany et al. [14], addition of carboxymethylcellulose in the formulations improves the resistance of 
the films and an increase of the puncture strength of these films was observed with irradiation doses. 
 
1.4. Active coating and radiosensitization 
Doses of 0.25-0.5 kGy can delay the ripening of certain tropical fruits. At doses > 1.75 kGy, inhibition of 
postharvest diseases and fungi can be observed [15]. However, from 1 to 3 kGy, depending on tolerance 
of the product, sensory deterioration such as taste and smell, as well as accelerated softening is seen in 
fruits and vegetables. The maximal irradiation dose tolerated in fresh products is around 2.25 kGy [16]. To 
control food contamination and quality loss, active edible coating or active biodegradable packaging has 
been recently introduced in food processing [5,17]. The immobilization of the active compounds in 
polymer can maintain high concentrations of the active compounds on the surface of foods for longer 
storage time [18]. Moreover, the combination of active edible coating application and the irradiation 
treatment had a synergistic effect on the irradiation sensitivity of pathogenic bacteria [19] and can reduce 
the dose necessary to eliminate pathogenic bacteria. The D10 (kGy) is the required irradiation dose 
necessary to inactivate 90% of a micro-organism population. An increase of the radiosensitization result of 
a reduction of the D10.  
Strawberries and ground beef represent interesting models for the development of active coating and 
packaging in combination with irradiation. Gamma-irradiation has been proven effective in reducing 
micro-organisms in fresh strawberries [20]. Gamma-irradiation has also been found to help reduce 
foodborn pathogens such as E. coli in meat products like ground beef [21-23]. In both cases a maximal 
dose of 2 kGy is acceptable before the texture of the cellular wall begins to change or a change of the 
flavour of meat [24,25]. As described previously, various active antimicrobial compounds can be added to 
reduce the required irradiation dose by increasing radioactivity sensitivity. Good results have been 
obtained by adding a mix of carvacrol (1 %) and tetrasodium pyrophosphate (0.1%) to ground beef, 
increasing the radiosensitivity of E. coli up to 55.5%. Also, both gamma-irradiation treatment and edible 
coating process significantly delayed (p ≤ 0.05) moulds growth in strawberries (Fragaria spp.). Edible 
coating based on irradiated caseinate was more effective than coating based on unirradiated caseinate. For 
example, at day 11, these coating reduced respectively by 48 and 23% the moulds appearance on 
strawberries [26].   
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1.5. Moulds contamination in strawberries 
Fresh fruits are prone to fungal contamination in the field, during harvest, transport, and from marketing to 
the consumer, and some pathogenic yeasts and moulds can grow and be responsible for infections and 
allergies [27]. The low pH of fruits makes them particularly susceptible to fungal spoilage due to 
competitive elimination of a bacterial part [28]. Various methods on controlling post-harvest microbial 
have been developed, such as low-temperature storage, controlled atmospheres, and fungicide applications 
to prolong the shelf life of fruits [29]. However, these commodities present some disadvantages due to the 
fact that some fruits are very sensitive to low temperature, involving severe injuries susceptible to 
microbial contamination and that some fungi could become resistant to commonly used pesticides that are 
classified as environment and health hazard chemicals [30]. Consequently, the restriction of synthetic 
fungicides and new developments of antifungal natural substances have changed the post-harvest storage 
conditions of fruits. 
Strawberries (Fragaria ananassa) are especially perishable fruits, being susceptible to mechanical injury, 
desiccation, decay and physiological disorders during storage. Tournas and Katsoudas [28] have examined 
mould and yeast growth in strawberries in order to isolate and identify predominant moulds after surface 
disinfection and incubation at room temperature to for up to 14 days. Botrytis cinerea (77%) and Rhizopus 
stolonifer (23%) were the two major storage pathogens observed in strawberries. Their high level of 
contamination, as compared to other type of fruits, was mainly due to a low pH, an optimal water activity 
for fungal growth, a high level of sugars and other nutrients, and a soft skin that can be easily ruptured, 
favouring microorgansims proliferation. 
B. cinerea (grey mould rot) is a ubiquitous pathogen which causes severe damages in many fruits, 
vegetables and ornamental crops in pre- and post-harvest. The pathogen infects leaves, stems, flowers and 
fruits [30] and is a major obstacle to long-distance transport and storage [7]. R. stolonifer is the causal 
agent of rhizopus rots disease of various fruits and vegetables. This fungus infects ripe fruit after harvest; 
unless fruit in the field has major injuries or split pits [31].  
 
1.6. Active natural antifungals 
Reddy et al. [32] showed that thyme essential oil (EO) from Thymus vulgaris at a concentration of 200 
ppm exhibited strong antifungal activity against B. cinerea and R. stolonifer, with respective inhibition 
values of 90% and 66% by measuring the percentage of radial growth inhibition in Potato Dextrose Agar 
(PDA). The major constituents of oil were p-cymene (20.8%), thymol (18.1%), linalool (13.3%) and 
carvacrol (8.9%) and it has already been suggested that p-cymene and linalool may synergize the 
antimicrobial effect of thymol and carvacrol [33,34]. In addition of assays, an aqueous solution of thyme 
EO at 200 ppm was applied onto post-harvest strawberries in order to control the two pathogens during 
storage at 13°C, after inoculation in a suspension containing 2x105 conidia/mL. Results showed that 
thyme EO was highly effective in reducing gray mould and soft rot incidence in fruits caused by B. 
cinerea and R. stolonifer respectively with a reduction in decay of 75% after 14 days of storage. 
Bouchra et al. [30] also reported that EOs from thyme (Thymus glandulosus; 43% thymol, 36% p-cymene) 
and oregano (Origanum compactum; 58% carvacrol) in solution at 100 ppm possessed a very strong in 
vitro antifungal activity against B. cinerea (100% inhibition), after mycelium radial growth assays in 
PDA. These results were emphasized with similar observations obtained with the main constituents 
(thymol and carvacrol) of the two EOs, as compared to other compounds, which is also in accordance with 
the finding of Reddy et al. [32]. 
The antifungal activity of grapefruit seed extract (GSE; Citricidal™) immobilized in chitosan based 
coating was evaluated in vitro and in vivo on grapes in order to control B. cinerea [7]. The shelf life study 
was conducted using grape clusters inoculated with 1x106 conidia/mL of fungi. It was concluded that the 
GSE-chitosan combined treatment (composed of 1% chitosan and 0.1% GSE) allowed decreasing gray 
mould incidence in grapes significantly (p ≤ 0.05), in comparison with separated treatments, after 4 weeks 
of storage at 0-1°C (HR > 90%). Moreover, this combined treatment had a beneficial effect in delaying 
fruit dehydration and browning. These observations suggested that chitosan formed a film acting as a 
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barrier on the fruit surface against infection, reducing both conidial germination and mycelial growth of B. 
cinerea, and maintaining the keeping quality of fruits. 
 
2. OBJECTIVES OF THE STUDY 
 
The objective of this study was 1) To develop new polymer formulations containing active compounds 
and produce crosslinking using irradiation to improve the physico-chemical properties of the films and of 
the coating; 2) Select antimicrobial compounds efficient against moulds responsible of strawberries 
contamination; 3) Develop an active edible crosslinked coating and packaging containing selected plant 
extracts; 4) Use  a active biodegradable packaging and coating in combination with irradiation in order to 
increase the bacterial radiosensitization and the shelf life of strawberries.  
 
For the selection of antimicrobial compounds, an inhibitory in vitro test (antibiogram) was performed with 
selected antifungal natural compounds in order to evaluate their antimicrobial capacities against moulds 
and total flora in strawberries.  
Then, different formulations and irradiation treatments were verified on formulations tested in order to 
improve the physico-chemical properties of biodegradable films. The effect of the addition of different 
polysaccharides such as methylcellulose, carboxymethylcellulose and alginate on calcium caseinate and 
whey proteins based films on the rheological properties of films was evaluated. Rheological properties of 
films were provided by measurements of puncture strength, water vapour permeability (WVP), gel 
fraction and the percentage of polymer insolubility. In order to follow the crosslinking reactions during 
irradiation, the protein structure has been characterized using Fourier Transform Infrared (FTIR) 
spectroscopy and Size-Exclusion Chromatography (SEC). 
 

3. MATERIALS AND METHODS 

 
3.1. Materials and film preparation 
Materials 
Calcium caseinate (CC; Alanate 380, 93% of total protein mass; New Zealand Milk Product Inc., Santa-
Rosa, CA, USA), whey protein isolate (WPI; BiPro 97.8% of total protein mass; Davisco Foods 
International Inc., Le Sueur, MN, USA) and glycerol (Gly; Laboratoire Mat, Beauport, QC, Canada) were 
used as main components of protein-based film formulations. Methyl cellulose (MC; 400 cP 2% solution; 
Sigma-Aldrich Canada Ltd, Oakville, ON, Canada), carboxymethyl cellulose (CMC; 1,500-3,000 cP 1% 
solution; high viscosity; Sigma-Aldrich) and alginate (ALG; low viscosity; 39% guluronic acid; Mw 
12,000-80,000; Sigma-Aldrich) were compared as stabilizing agents by measuring their effect on the 
mechanical properties of films. 
 
Radiation cross-linking of proteins and preparation of hydrocolloid-based coating and films 
CC (2.5% w/v) and WPI (2.5% w/v) were solubilized in distilled water under constant stirring and Gly 
(2.5% w/v) was added to the solution. For cross-linking irradiation treatment, the CC/WPI/Gly solution 
was degassed under vacuum to remove air bubbles and flushed with nitrous oxide for 30 min. Solutions 
were irradiated in a 60Co irradiator (Gamma-Cell 220, MDS Nordion inc., Kanata, ON, Canada) at the 
Canadian Irradiation Center (CIC; Laval, QC, Canada) at a dose of 32 kGy.  For each formulation 
containing CC, WPI, Gly, one polysaccharide among MC, CMC or ALG (0.25% w/v in final solution) 
was added separately. MC solubilization required cooling the solution in an ice bath under stirring. The 
final solution CC/WPI/Gly/polysaccharide was then heated at 80°C for 30 min in a water bath in order to 
cross-link proteins by thermocondensation. The solution was cooled at room temperature and cast in 
plastic Petri dishes (9 mL/Petri dish) and left to dry for 24 h in air at room temperature to allow film 
formation. Films were then peeled and conditioned for at least 48 h equilibration in desiccators containing 
a saturated NaBr solution ensuring a 59.1% relative humidity (RH) at 20°C, before further examination. 
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Hence, film formulations were prepared in order to evaluate the effect of polysaccharide addition 
combined with gamma irradiation of proteins on rheological properties of films. 
 
3.2. ATR-FTIR Spectroscopy 
FTIR analysis was performed to characterize conformation changes in proteins after irradiation. FTIR 
spectra of the formulation 1 (non-irradiated proteins/Gly films) and formulation 3 (irradiated proteins/Gly 
films) were recorded using a Spectrum One spectrophotometer (Perkin-Elmer, Woodbridge, ON, Canada) 
equipped with an attenuated total reflectance (ATR) device for solids analysis and a high linearity lithium 
tantalate (HLLT) detector. Spectra were analyzed using the Spectrum software (version 3.02.01). Films 
were stored at room temperature for 48 h in a desiccator containing a saturated NaBr solution ensuring 
56% RH. Films were then placed onto a zinc selenide crystal, and the analysis was performed within the 
spectral region of 650-4000 cm-1 with 128 scans recorded at a 4 cm-1 resolution. Measurements were done 
for 3 films of each formulation and the average spectrum was then calculated and analyzed. After 
attenuation of total reflectance and correction of the baseline, spectra were normalized with a limit 
ordinate of 1.5 absorbance units. The method of Cieśla et al. [35], based on analysis of the second 
derivative of the Amide I band (region of 1600-1700 cm-1), was applied in purpose to examine the effect 
of gamma radiation on the proteins conformation. 
 
3.3. Size-exclusion chromatography 
Size-exclusion chromatography (SEC) was performed using a Waters 510 HPLC system (Waters Canada, 
Milford, MA, USA) equipped with a 490E multi-wavelength detector for the detection of the protein 
solution at 280 nm. One Supelco Progel TSK-PWH guard column and three main columns, TSKgel 
GMPW, Ultrahydrogel 2000 and Ultrahydrogel 500 series (Tosoh BioScience LLC, Montgomeryville, 
PA, USA) were used for the determination of the cross-linked proteins. The total molecular weight (Mw) 
exclusion limit was 25 × 106 Da based on linear polyethylene glycol. The eluant 0.02 M Tris buffer (pH = 
8) was flushed in the columns at a flow rate of 0.8 mL/min. The Mw calibration curve was performed using 
a protein Mw markers kit (MW-GF-1000; Sigma-Aldrich Canada Ltd) ranging from 2 × 106 to 29 kDa. 
All soluble protein solutions were prepared at a 2.5 mg/mL concentration and filtered on 45 μm prior to 
injection.  
 
3.4. Mechanical Properties of biodegradable films 
Film Thickness 
Thickness was measured using a Mitutoyo digimatic Indicator (Mitutoyo MFG, Tokyo, Japan) at five 
random positions around the film, by slowly reducing the micrometer gap until the first indication of 
contact.  
 
Puncture strength and puncture deformation 
Puncture strength (PS) was carried out using a Stevens-LFRA texture analyzer (model TA-1000; Texture 
Technologies Corp., Scarsdale, NY), as described by Salmieri and Lacroix [5]. Films were fixed between 
two perforated Plexiglass plates (3.2 cm diameter), and the holder was held tightly with two screws. 
According to the resistance of films, a cylindrical probe (2 mm diameter; sensitivity 2V) or a spindle 
probe (sensitivity 1 V) was moved perpendicularly to the film surface at a constant speed (1 mm/s) until it 
passed through the film. Strength and deformation values at the puncture point were used to calculate the 
hardness and deformation capacity of the film. The PS values were divided by the thickness of the films in 
order to avoid any variation related to this parameter. PS was calculated using the equation: 
 

PS (N/mm) = (9.81F)/x 
 
where F is the recorded force value (g), x is the film thickness (µm), and 9.81 m/s2 is the gravitational 
acceleration. 
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3.5. Water vapour permeability 
Thickness was measured as described for mechanical properties measurements. WVP tests were 
conducted gravimetrically using an ASTM procedure modified by Cieśla et al. [35]. The test films were 
mechanically sealed to Vapometer cells (No. 68-1; Kalamazoo Paper Chemicals, Richland, USA) 
containing 30 g of anhydrous calcium chloride (CaCl2). Tests were performed for 24 h, at 20°C in a 
desiccator containing a saturated sodium bromide (NaBr) solution  in order to provide a relative humidity 
of 59.1 ± 0.5 % RH. The weight gain of CaCl2 was measured in order to determine the amount of 
absorbed water vapour through the film, up to a maximum of 10% weight gain. WVP was determined 
using the combined laws of Fick and Henry for gas diffusion through coatings and films [36], according to 
the following formula: 
 

WVP (g.mm/m2.day.kPa) = w.x/A(P2-P1) 
 
where w is the weigh gain of the cell within 24 h (g/day), x is the film thickness (mm), A is the exposed 
area of the film (31.67 × 10-4 m2) and P2-P1 is the differential vapour pressure through the film (2.42 kPa) 
related to RH conditions in the desiccator. 
 
3.6. Radiation cross-linking of cellulose derivatives 
The effect of gamma radiation on concentrated aqueous solutions of 20% methyl cellulose (MC), 20% 
(w/v) carboxymethyl cellulose (CMC) and 35% hydroxypropyl cellulose (HPC; Mw 80,000; Sigma-
Aldrich) was evaluated by gel fraction and solubility measurements. These polysaccharide concentrations 
were established in order to obtain paste-like materials. Although it is well-established that 
polysaccharides are degrading-type polymers after radiation, our study consisted in verifying 
intermolecular γ-ray-induced cross-linking leading to the formation of insoluble gels in cellulose ethers. 
Gels were prepared according to the method of Wach et al. [37] in order to irradiate polysaccharides at 
paste-like conditions. Irradiation doses were performed according to the results obtained by Yoshii et al. 
[38]. 
 
Sample preparation and irradiation 
Each cellulose derivative was mixed with an appropriate amount of water and the material was kept 
overnight at room temperature to ensure complete dissolution and homogeneity of the specimen. High 
concentrated samples (20% solutions) were prepared in order to compare amount of gel content after 
gamma radiation. Irradiation was conducted with γ-rays generated from 60Co source by applying two 
different doses of 32 and 64 kGy at room temperature, at a dose rate of 20.74 kGy/h (0.3578 kGy/min) in 
a Underwater Calibrator-15A Research Irradiator and at a dose rate of 4.16 kGy/h (0.0718 kGy/min) in a 
Underwater Calibrator-15B Research Irradiator (MDS Nordion Inc., Kanata, ON, Canada). Prior to 
irradiation, samples were placed in high barrier bags (Deli One, 3 mil nylon/EvOH/polyethylene, 8 × 10; 
Winpak Division Ltd, St-Leonard, QC, Canada) and sealed under vacuum for air-free conditions. 
 
Gel content of MC hydrogels 
Amount of gel content was determined gravimetrically by measuring insoluble part after extraction in 
water for 24 h at room temperature. Gel fraction of non-irradiated vs irradiated cellulose ether-based 
pastes was calculated as follows: 
 

Gel fraction (%) = (Gd/Gi) × 100 
 
where Gi is the initial weight of polymer, Gd is the weight of the dried insoluble part after extraction. 
Hence i) the effect of 2 irradiation doses (32 and 64 kGy) and ii) the effect of air-vacuum before 
irradiation will be evaluated on the insolubility of gels. 
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Determination of insoluble matter 
The percentage of insoluble matter in gels was determined following the method of Salmieri and Lacroix 
[5]. The average dry weight of the gels was determined by drying them in an oven at 90 ºC until constant 
weight was achieved (72 h). Each type of gel was immersed into distilled water with mild stirring for 24 h 
at room temperature. Residual gels were then recovered by filtration (Whatman No. 1; Whatman Inc., 
Florham Park, NJ, USA) and dried as previously described. On the basis of dry matter, differences 
between the initial weight and the weight after treatment in water were calculated. Results were expressed 
as the recovery yield (RY, insoluble matter), which was calculated using the following equation: 
 

RY (%) = (mf / mi) × 100 
 
where mi is the initial weight of the gel and mf is the weight of the recovered gel after treatment in water. 
 
3.7. Active edible coating and microbial radiosensitivity evaluation 
Culture of total mould and total bacterial floras 
Fresh strawberries were bought at a local supermarket and were inspected for no sign of disease and visual 
decay. In sterile conditions, 25 g of strawberries were placed in a bag containing 225 mL of peptoned 
water and homogenized for 2 min using a Lab-blender 400 stomacher (Laboratory Equipment, London, 
UK). From this mixture, serial dilutions up to 10-4 were achieved. A volume of 1 mL of the original 
solution was inoculated on PDA in pour plate in duplicate, 100 μL of each dilution were inoculated on the 
surface of PDA and then incubated at 25ºC for 72 h. Mould colonies were singled out of yeast colonies 
and inoculated in 36 mL of Tryptic soy Broth (TSB) at 25ºC for 48 h. Glycerol was added at a 
concentration of 20% (w/w) and 1 mL of the solution was placed in Cryovial® tubes that were frozen at -
80°C for future utilization. For total bacterial culture, 25 g of strawberries were placed in a bag containing 
225 mL of peptoned water and homogenized for 6 min with a stomacher. A volume of 1 mL of the 
original solution was inoculated in 36 mL of TSB and incubated at 25ºC for 24 h. Gly was added at a 
concentration of 25% (w/w) and 1 mL of the solution was placed in Cryovial® tubes that were frozen at -
80°C for future utilization. Before each experiment, stock cultures were propagated through 2 consecutive 
growth cycles i) in Potato Dextrose Broth (PDB) for moulds (25°C for 72 h) and ii) in TSB for bacteria 
(37°C for 24 h) and washed twice in saline solution (0.85% w/v) to obtain working cultures containing 
approximately 108 CFU/mL. The optical density (OD) of the suspensions was measured at 600 nm at a 
1/100 dilution. 
 
Inoculation procedure 
Strawberries were sterilized by immersion into a 2.5% sodium hypochlorite solution for 3 min, under mild 
stirring and washed twice with sterile water, prior to inoculation. Strawberries were then inoculated with 
working cultures of total moulds and total bacterial floras to obtain a final concentration of 104 CFU/g for 
moulds and 105 CFU/g for bacteria, respectively. A volume of 1 mL of the total bacterial flora was 
inoculated in 300 mL of TSB at 37ºC for 24 h and 1 mL of the total mould flora in 300 mL of PDB at 
25ºC for 48 h. For each culture, the solution was then separated into two equal parts and placed in two 50 
mL sterile conical tubes and centrifuged for 10 min at 1,500 g. The pellet was recovered, suspended in 10 
mL of saline water, and centrifuged once again for 10 min at 1,500 g. Each pellet was suspended in 5 mL 
of saline water and both solutions were mixed together. The mould concentration was determined with a 
hematimeter. The bacterial concentration was determined by measuring the OD of the bacterial suspension 
at 600 nm. 
Under sterile conditions, 1L of sterile saline water was poured into a 4L sterile beaker. A volume of 1mL 
of the bath water was then inoculated in TSA at 37ºC for 24 hours and PDB at 25ºC for 48 h to verify 
water sterility. The required amount of total mould flora was added to obtain a total amount of 106 
CFU/mL. The required amount of total bacterial flora was added to obtain a total amount of 107 CFU/mL. 
For each group (mould inoculation and bacteria inoculation), sstrawberries were immersed in the 
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corresponding inoculation baths under constant stirring for 5 min and then left to dry on sterile aluminum 
sheets for 30 min. 
 
Antimicrobial coatings on strawberries 
Limonene (LIM; Sigma-Aldrich) and peppermint essential oil (PM; Mentha piperita; BSA) were used as 
antimicrobial compounds. These compounds were selected on the basis of their acceptable organoleptic 
properties at a 0.1-0.2% (w/v) concentrated coating solution sprayed onto strawberries (results not shown). 
Before use, all chemicals were sterilized by using a 0.2 μm filter. The coating solutions were prepared by 
dispersing 0.2% (w/v) of antimicrobial and 0.4% Tween®80 in aqueous phase, under vigorous stirring, for 
10 min at room temperature. In parallel, a modified alginate-based coating containing limonene was also 
prepared in order to evaluate the effect of a polysaccharide matrix on the coating efficiency. Alginate (65-
70% guluronic acid; Sigma-Aldrich) was modified according to the method of Han et al. (2008).  The 
alginate film-forming suspension was prepared by solubilizing 2% (w/v) modified alginate, 0.2% 
limonene and 0.4% Tween®80 in aqueous medium. The antimicrobial emulsions were sprayed in sterile 
conditions onto inoculated strawberries as described previously for shelf life analysis. 
 
Irradiation treatment 
For each strawberry groups depending on the coating treatment and the applied irradiation dose, 90g of 
strawberries were placed in a 0.5-mil metallized polyester-2-mil ethylene vinyl acetate copolymer bags 
(205 by 355 mm; Winpack, St-Leonard, QC, Canada) and left overnight at 4 ± 1°C before gamma 
irradiation. A UC-15A underwater calibrator (dose rate of 19.382 kGy/h; Canadian Irradiation Center; 
MDS Nordion) equipped with a 60Co source was used. Samples were irradiated in refrigerated conditions. 
D10 values were determined by applying 0.2 kGy interval doses from 0 to 2.4 kGy for moulds 
radiosensitization and 0.2 kGy interval doses from 0 to 1.0 kGy for bacteria radiosensitization. Samples 
were analyzed immediately after irradiation. 
 
 
Microbiological analysis 
Under sterile conditions, 25g of strawberries were added to 225 mL of peptoned water (0.1% w/v) and the 
mixture was homogenized in a Lab-blender 400 stomacher (Laboratory Equipment) for 2 min. Depending 
on the irradiation dose, various dilutions were made from this mixture. For the total mould flora, dilutions 
were pour-plated in PDB and incubated at 25ºC for 48 h.  For the total bacterial flora, dilutions were pour-
plated in TSA and incubated at 37ºC for 24 h. The detection minimal level was 10 CFU/g. 
 
 
Calculation of relative radiation sensitivity 
Relative radiation sensitivity (SR) was calculated using the following equation: 
 

SR = D10 of control / D10 of sample treated with antimicrobial 
 
The D10 is defined as the radiation dose required for achieving a 90% reduction (1 log CFU) in viable 
microorganisms on inoculated strawberries and is obtained by calculating the reciprocal of the slope from 
the log CFU/g – Radiation dose (kGy) curve. 
 
 
 
3.8. Evaluation of crosslinked polymer coating with or without active compounds  on the shelf life of 
strawberries 
Shelf life of strawberries  
A shelf life study was prepared to verify the effect of a crosslinked coating containing or not an active 
compound on the mould growth on strawberries during storage at 4°C. The present parameters were 
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evaluated i) control without treatment ii) coated with crosslinked (irradiated protein solution at 32 kGy) 
protein solution (CC (2.5% w/v) and WPI (2.5% w/v) and Gly (2.5% w/v)) iii) coated with crosslinked 
protein solution in presence of limonene (LIM; Sigma-Aldrich). Fresh strawberries were bought at a local 
supermarket and were inspected for no sign of disease and visual decay. The Prot-Gly-MC film 
formulation was selected as the biopolymer-based coating for this test, since it was shown to possess the 
best rheological properties as an edible coating.  The bioactive coating solution was prepared by 
dispersing 0.2% (w/v) LIM/0.4% Tween®80 in coating solutions, under vigorous stirring, for 10 min at 
room temperature. The coating was sprayed in sterile conditions onto fresh strawberries under a biological 
containment hood, at room temperature. Each side of each strawberry was sprayed twice. After spraying, 
strawberries were allowed to dry for 15 min on sterile aluminium sheets. 
 
Experimental design 
The strawberries were separated into 5 groups (20 strawberries/group) depending on the treatment: 
1. Control (non-coated) 
2. Irradiated Prot-Gly-MC  
3. 3. Irradiated Prot-Gly-MC + LIM  
 
All groups were placed onto sterile aluminum foil-covered trays and covered over with another sterile 
aluminum foil sheet and were stored at 4°C. Visual decay of strawberries was then evaluated for 9 days 
(day 1 corresponded to the day of treatment) and the contamination percentage was calculated during 
storage. 
 
3.9. Statistical analysis 
For each measurement, three samples in each replicate were tested. Analysis of variance and Duncan’s 
multiple-range tests were used to perform statistical analysis on all results, using SPSS Base 10.0 software 
(Stat-Packets statistical analysis software, SPSS Inc., Chicago, IL). Differences between means were 
considered to be significant when p ≤ 0.05. 
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4. RESULTS 
 
4.1. FTIR Spectroscopy 
Figure 1 presents the FTIR spectra of non-irradiated vs irradiated protein-based film formulations. A 
decrease in the amount of the α-helix phase accompanied in an increase in the total amount of the well-
ordered cross-linked β-sheets phase was observed after irradiation in the case of proteins/Gly films. It is 
shown by a decrease in the band at 1653 cm-1 corresponding to α-helix and at 1645 cm-1 corresponding to 
aperiodic phase (random coil). A rearrangement of the β-sheets structures after irradiation might also be 
shown by an increased intensity of the bands at 1630, 1637 and 1680 cm-1. These results suggest that 
changes in proteins conformation after gamma radiation can be related to a tendency to adopt better 
ordered structure induced by cross-linking. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

α-helix 
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FIG. 1. Comparison of second derivative FTIR spectra of non-irradiated (A) and irradiated (B) CC/WPI/Gly films. 

 
4.2. Size-exclusion chromatography 
Figure 2 shows the elution curves obtained for native, irradiated, heated and irradiated/heated 
CC/WPI/Gly film forming solutions. Irradiation treatment of protein solution allowed increasing the Mw 
from 62 to 227 kDa (3.6 fold), with a shoulder at 227 kDa and a diminution in intensity of the main peak 
at 62 kDa could be observed. This result suggests that this solution contained two distinct molecular 
weights fractions. Indeed, the lower fraction (peak at 227 kDa) related to an enhancement of Mw for a part 
of proteins is mainly attributed to bityrosine cross-links leading to protein aggregation whereas the highest 
fraction (main peak at 62 kDa) can be ascribed to native or intramolecular binded proteins. The 
aggregation of heated proteins was more important with an increase of the Mw characterized by a shift of 
main peak from 62 to 512 kDa (8.3-fold), and is readily due to cross-linking via disulfide bonding. As 
expected, the chromatogram obtained with irradiated and heated proteins shows some similarities with 
elution pattern resulting from separated treatments. According to Vachon et al. [3], the cross-linking of 
caseinate by irradiation is more efficient than by heating. However, gamma-irradiation induced very little 
molecular weight changes in whey protein because whey proteins contain less tyrosine residues than 
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caseins. The globular whey proteins are more prone to intramolecular cross-linking, and readily underwent 
cross-linking via the formation of disulfide bonds during heating treatment. Comparison of aggregations 
reveals that cross-linking by heating is more efficient than by gamma irradiation. However, it is interesting 
to note a synergistic effect of combined treatments of irradiation/heating since a Mw of 875 kDa (14.1-
fold) could be observed, suggesting that pre-irradiation treatment promoted the aggregation of proteins 
after heating. The results from heated and γ-irradiated protein solutions are consistent with those reported 
by Le Tien et al. [4] and Yu et al. [39].  
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FIG. 2. Effect of gamma irradiation at 32 kGy and heating at 80°C on the aggregation of a CC/WPI/Gly solutions. 

 
4.3. Mechanical Properties 
Table I and Figure 3 show the effect of polysaccharide addition and of γ-irradiation of proteins on the 
puncture strength of films. The γ-irradiation of proteins allowed improving the tensile strength 
significantly (p ≤  0.05) of all film formulations regardless the added polysaccharide. Indeed, the puncture 
strength values were increased from 56, 73, 24 and 62 N/mm to 67, 81, 49 and 69 N/mm for control 
(proteins only), proteins/MC, proteins/CMC and proteins/ALG formulations. Concerning the effect of 
polysaccharide addition in non-irradiated formulations, only the presence of MC and ALG allowed 
increasing the puncture strength significantly (p ≤  0.05) with puncture values from 56 to 73 and 62 N/mm 
for control, MC and ALG film formulations respectively. For irradiated formulations, only the presence of 
MC improved the resistance of films significantly (p ≤  0.05), with respective values varying from 67 to 
81 N/mm for control and MC film formulation. As a result, it can be concluded that MC addition was 
efficient to improve mechanical puncture strength of protein-based films. This observation could be 
related to the intrinsic functional properties (Mw, viscosity, chemical interactions with proteins, i.e. 
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hydrogen bonding, etc.) of the selected MC. Furthermore, it is interesting to note that films made of 2% 
MC exhibited a higher puncture strength significant (p ≤  0.05) in comparison to films made of 5% 
proteins, 1% MC and 2.5% Gly (results not shown), suggesting that the use of MC would provide highly 
resistant edible films. 
 
For all cases except Prot/Gly/MC where a significant effect of irradiation was observed, the irradiation 
treatment didn't show any significant changes (p > 0.05) in thickness and puncture deformation. Also, the 
films were significantly thicker and had higher PD values (p < 0.05) without any polysaccharides added in 
both unirradiated and irradiated films.  
 
TABLE 1. EFFECT OF FILM FORMULATION (POLYSACCHARIDE ADDITION) AND GAMMA-
IRRADIATION TREATMENT OF PROTEINS (32 KGY) ON MECHANICAL PROPERTIES OF FILMS. 

Thickness1,2 

(µm) 

Puncture strength1,2 

(N/mm) 

Puncture deformation1,2 

(mm) 

Film formulation 

Non-irradiated Irradiated Non-irradiated Irradiated Non-irradiated Irradiated 

Prot3/Gly4 108.46 ± 4.81c,A 110.53 ± 3.50c,A 56.48 ± 5.88b,A 67.22 ± 5.32b,B 4.02 ± 0.45c,A 3.70 ± 0.15c,A 

Prot/Gly/POLY15 99.22 ± 3.41a,A 106.31 ± 2.90b,B 73.00 ± 4.36d,A 80.89 ± 7.40c,B 3.50 ± 0.16b,B 3.34 ± 0.14b,A 

Prot/Gly/POLY26 103.89 ± 2.77b,A 105.75 ± 3.04b,A 23.97 ± 2.94a,A 49.33 ± 3.61a,B 2.23 ± 0.19a,A 2.14 ± 0.22a,A 

Prot/Gly/POLY37 99.50 ± 3.45a,A 97.72 ± 2.43a,A 61.64 ± 4.94c,A 69.17 ± 4.73b,B 3.67 ± 0.23b,A 3.44 ± 0.34b,A 
1In each column, means followed by the same lower case letter between films formulations are not significantly 
different (p > 0.05). 
2In each raw, means followed by the same upper case letter between non-irradiated and irradiated films are not 
significantly different (p > 0.05). 
3Prot: Milk proteins (calcium caseinate and whey protein isolate 1:1 (w/w)) 
4Gly: Glycerol 
5MC: Methylcellulose 
6CMC: Carboxymethylcellulose 
7ALG: Alginate 
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 FIG. 3. Puncture strength of hydrocolloid-based films using specific compositions, non-irradiated and irradiated with a dose of 32 kGy. 1: Prot-
Gly; 2: Prot-Gly-MC; 3: Prot-Gly-CMC; 4: Prot-Gly-ALG. For each treatment (0 and 32 kGy), different lower case letters indicate a significant 
difference (p ≤  0.05) between film formulations. For each film formulation (1, 2, 3 and 4), an asterisk indicates a significant difference (p ≤ 0.05) 
after irradiation treatment. 
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4.4. Water vapour permeability 
Table II and Figure 4 show the effect of polysaccharide addition and of γ-irradiation of proteins on the 
WVP of films. The γ-irradiation of proteins allowed decreasing the WVP significantly (p ≤  0.05) only for 
control and CMC-based formulations. Indeed, WVP values were decreased from 2.03, and 1.78 
g.mm/m2.day.mmHg to 1.75 and 1.53 g.mm/m2.day.mmHg for control (proteins only) and proteins/CMC 
formulation respectively. Concerning non-irradiated formulations, the addition of polysaccharide 
decreased significantly (p ≤  0.05) the WVP of films, with values varying 2.03 to 1.73, 1.78 and 1.73 
g.mm/m2.day.mmHg for control, MC, CMC and ALG film formulations respectively. However, no 
significant difference (p > 0.05) was observed between polysaccharide-based films. For irradiated 
formulations, only the presence of CMC decreased the WVP of films significantly with respective values 
varying from 1.75 to 1.53 g.mm/m2.day.mmHg for control and CMC film formulation. As a result, it can 
be concluded that any polysaccharide addition was efficient to improve water vapour barrier properties of 
non-irradiated protein-based films. Consequently, in relation with results observed for mechanical 
properties, MC can be considered as the most effective polysaccharide in these film formulations since it 
enhanced the mechanical puncture strength and did not affect the WVP of protein-based films. 
 
TABLE 2. EFFECT OF FILM FORMULATION (POLYSACCHARIDE ADDITION) AND GAMMA 
IRRADIATION TREATMENT OF PROTEINS (32 KGY) ON WATER VAPOUR PERMEABILITY (WVP) OF 
HYDROCOLLOID-BASED FILMS. 
 

WVP1,2 

(g.mm/m2.24h.mmHg) 

Film 

formulation 

Non-irradiated Irradiated 

Prot3/Gly4 2.03 ± 0.19b,B 1.75 ± 0.05b,A 

Prot/Gly/MC5 1.73 ± 0.06a,A 1.71 ± 0.07ab,A 

Prot/Gly/CMC6 1.78 ± 0.05a,B 1.53 ± 0.10a,A 

Prot/Gly/ALG7 1.73 ± 0.09a,A 1.71 ± 0.22ab,A 

 
1In each column, means followed by the same lower case letter between films formulations are not significantly 
different (p > 0.05). 
2In each raw, means followed by the same upper case letter between non-irradiated and irradiated films are not 
significantly different (p > 0.05). 
3Prot: Milk proteins (calcium caseinate and whey protein isolate 1:1 (w/w)) 
4Gly: Glycerol 
5MC: Methylcellulose 
6CMC: Carboxymethylcellulose 
7ALG: Alginate 
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FIG. 4. Water vapour permeability (WVP) of hydrocolloid-based films using specific compositions, non-irradiated and irradiated 
with a dose of 32 kGy. 1: Prot-Gly; 2: Prot-Gly-MC; 3: Prot-Gly-CMC; 4: Prot-Gly-ALG. For each treatment (0 and 32 kGy), 
different lower case letters indicate a significant difference (p ≤  0.05) between film formulations. For each film formulation (1, 2, 
3 and 4), an asterisk indicates a significant difference (p ≤ 0.05) after irradiation treatment. 
 
4.5. Radiation cross-linking of cellulose derivatives 
 
Gel fraction and recovery yield of γ-irradiated polysaccharides-based pastes are presented in Table III. 
Results show that γ-irradiation lead to cross-linked insoluble fractions in MC gels whereas no cross-
linking (no gel fraction recovered) was observed for CMC and HPC. The increase of irradiation dose did 
not affect significantly (p > 0.05) the insolubility of MC pastes, with 13.97% of gel fraction and 22.28% 
of recovery yield after irradiation at 32 kGy. These observations suggest that γ-irradiation has generated 
structural modification via intra- or intermolecular cross-linking in MC resulting in a partially insoluble 
gel. A FT-IR analysis was performed in order to verify related changes in the band intensities or shifts of 
the function group of MC (results not shown). The spectra did not report any modification in the 1200-
1500 cm-1 region that is usually analyzed to characterize the order degree in MC [40]. Consequently, the 
FT-IR analysis was not sufficient to relate changes of cristallinity in γ-irradiated MC. Thus, a more 
sensitive structural analysis such as Differential Scanning Calorimetry could be used subsequently in order 
to measure cristallinity degrees in the polymer. It is also interesting to note that this capacity of MC as 
compared to other cellulose derivatives could allow controlling the functional properties of 
polysaccharide-based-edible coatings. 
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TABLE III. GEL FRACTION (%) AND RECOVERY YIELD (%) OF MC GELS (20% W/V) IRRADIATED AT 
32 AND 64 KGY.  
 

 Gel fraction (%)1, 2 RY (%)1, 2 

Treatment MC CMC HPC MC CMC HPC 

Control ND ND ND ND ND ND 

32 kGy 13.97 ± 1.67b ND ND 22.28 ± 2.90b ND ND 

64 kGy 12.74 ± 0.36b ND ND 25.33 ± 2.78b ND ND 

 
1In each column, means followed by the same lower case letter between treatments are not significantly different (p > 
0.05). 
2ND: Not determined (no gel formation). 
 

4.6. Evaluation of the relative sensitivity 
Table IV present the D10 values and relative sensitivities related to radiosensitization of moulds and total 
flora in strawberries packed under air, with and without bioactive coating.  Figures 5 and Figure 6 present 
the D10 curves that have been elaborated to characterize moulds and total flora radiosensitization 
respectively. For moulds radiosensitization (Table IV, Figure 5), results show that the presence of LIM 
and ALG-based coatings increased the radiosensitivity of moulds. Indeed, the addition of LIM and 
ALG+LIM increased the radiosensitization of moulds with respective relative sensitivities of 1.35 and 
1.71 (D10 of 0.67 and 0.53) as compared to 1.00 (D10 of 0.91) for control. In comparison, the addition of 
PM did not seem to affect the radiosensitization of moulds with a lower relative sensitivity of 1.05. 
Moreover, the combination of ALG with LIM had a marked effect on the radiation dose necessary to 
eliminate moulds in strawberries, with a lethal dose of 2.2 kGy for ALG+LIM and 2.5 kGy for LIM as 
compared to 3.5 kGy for the control (figure 7). On the other hand, it can be observed that the presence of 
the PM or LIM-based coating allowed an increase of the total flora radiosensitization, with a relative 
sensitivity of 1.42 (D10 of 0.14) as compared to 1.00 for control (D10 of 0.19) (Table IV, Figure 6). The 
dose necessary to eliminate total flora in strawberries coated with PM and LIM is 0.8 kGy as compared to 
1.0 kGy for ALG + LIM et 1.1 kGy for the control. According to Caillet et al. [41], the antimicrobial 
properties of the active compounds are responsible for this increased radiosensitivity, relatively to their 
phenolic or terpenic composition. 
 
TABLE IV. RADIATION SENSITIVITY OF TOTAL FLORA AND MOULDS IN STRAWBERRIES (FRAGARIA 
ANANASSA) COATED WITH BIOACTIVE COMPOUNDS (ALG+LIM, LIM, PM). 
 

 Treatment Slope D10 (kGy) Relative sensitivity 

Moulds Control 1.10 0.91 1.00 

 ALG + LIM 1.88 0.53 1.71 

 LIM 1.49 0.67 1.35 

 PM 1.16 0.86 1.05 

Total flora Control 5.19 0.19 1.00 

 ALG + LIM 5.26 0.19 1.01 

 LIM 4.99 0.20 1.42 

 PM 7.37 0.14 1.42 

79 

Working Material

Working Document



 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

0,0 1,0 2,0 3,0 4,0

Irradiation dose (kGy)

Lo
g 

C
FU

/g

Control

ALG+LIM

LIM

PM

 

 

 

 

 

 

 

 

 

 

 

 

 
FIG. 5. Radiosensitization D10 curves of moulds in strawberries coated with bioactive compounds (LIM, PM) and with 
functionalized bioactive alginate (ALG+LIM). 
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FIG. 6. Radiosensitization D10 curves of total flora in strawberries coated with bioactive compounds (LIM, PM) and with 
functionalized bioactive alginate (ALG+LIM). 
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Mould Growth in Strawberries  
Results for mould growth on crosslinked milk protein-MC-based coatings (crosslinked with irradiation (32 
kGy) and gamma irradiation of the coated fruits (1.5 kGy) are depicted in figure 7. Moulds started 
appearing on the untreated strawberries on day 8 with a 20% fruit loss and reached 65% contamination on 
day 17. Moulds appeared on day 10 for PI+Ir and PI+L+Ir with a contamination level of 10%. On day 14, 
mould contamination reached 15%. On day 17, mould contamination was 35% and 30% respectively for 
PI+Ir and PI+L+Ir.  
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FIG. 7. Mould growth on strawberries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5. CONCLUSION 
 
A protein-polysaccharide-based film formulation was developed by evaluating the addition of 
polysaccharide and a treatment by gamma irradiation of proteins in aqueous solution. Gamma irradiation 
of proteins was characterized by FTIR spectroscopy to investigate conformation changes and SEC to 
evaluate Mw. FT-IR secondary derivative spectra exhibited changes in band intensities that were correlated 
to an increase of β-sheet structure adopted by proteins after irradiation and a decrease of α-helix and 
unordered fractions. SEC analysis determined a synergistic effect of combined treatments of 
irradiation/heating on the increase of Mw from 62 to 875 kDa, suggesting that pre-irradiation treatment 
promoted the aggregation of proteins after heating. The evaluation of puncture strength and WVP of films 
allowed optimizing the protein/glycerol-based film formulation by the addition of MC with a significant 
enhancement (p ≤ 0.05) of mechanical properties and no detrimental effect on WVP. In addition, the 
irradiation of concentrated MC solutions generated partially insoluble gels via cross-linking with a 
insolubility percentage of 22% at a dose of 32 kGy. Hence, these resulting rheological properties of MC 
are promising for the development of insoluble, highly resistant edible coatings or biodegradable 
packaging in various applications. 
 
The second part of this study consisted in evaluating the antimicrobial properties of natural extracts 
applied alone or incorporated in edible coatings in order to increase the shelf life of strawberries by 
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preserving their deterioration. The radiosensitization of moulds and total flora in strawberries was also 
evaluated in presence of PM and Lim incorporated in a functionalized alginate-based coating solution. The 
elaboration of D10 curves indicated that ALG and LIM were radiosensitizers for moulds whereas PM was 
less efficient for total flora in strawberries. Hence, it seems that a functionalized polymer-based edible 
coating could be an effective issue to develop in order to carry specific antifungal agents without 
detrimental effect on strawberries. 
 
In this context, future investigations will consist in evaluating the sensorial properties of antifungal agents 
added on strawberries in order to maintain acceptable attributes for consumers. Also, the development of 
MC-based edible coatings or packaging would be of first importance due to its remarkable rheological 
properties as compared to protein-based formulations. The gamma irradiation of MC should be developed 
in order to improve the functional properties of edible coatings applied onto strawberries. Moreover, the 
addition of lipids (fatty acids, acetylated monoglycerides, etc.), plasticizers (ex: polyols), surfactants, 
reinforcement agents (ex: nanocellulose) will be evaluated on the functional properties of MC-based 
coatings and operative conditions of film formation (homogenization parameters, drying conditions, etc.) 
will be optimized in order to increase the shelf life and improve the quality of strawberries during storage. 
Also, preliminary tests have demonstrated that the use of acrylic acid and irradiation has permitted 
grafting reaction of the monomer and an improvement of the physico-chemical properties of the polyvinyl 
alchool zein based films.  Structural and physico-chemical properties of films are under going presently 
and results will be presented in our next report.   
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