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Introduction

Several industrial proteins are available for the development of technical applications and present a lot of advantages such as safety, and low-cost [START_REF] Kolster | Protein Modification and Technical Applications[END_REF]. Recent research shows that wheat gluten adhesives are used in wood applications [START_REF] Trischler | Effect of temperature during vital gluten adhesive preparation and application on shear-bond strength[END_REF][START_REF] Xi | Glutaraldehyde-wheat gluten protein adhesives for wood bonding[END_REF][START_REF] Amirou | Wheat protein hydrolysates-resorcinol-aldehydes as potential cold setting adhesives[END_REF], foam used in fighting fires [START_REF] Wu | highly absorbing antimicrobial biofoams based on wheat-gluten and its biohybrids[END_REF], coating [START_REF] Zink | Physical, Chemical and Biochemical Modifications of Protein-Based Films and Coatings: An Extensive Review[END_REF][START_REF] Coltelli | State of the art in the development and properties of protein-based films and coatings and their applicability to cellulose based products: an extensive review[END_REF]. Casein has an excellent biocompatibility, biodegradability, and high abundance [START_REF] Picchio | Crosslinked casein-based micelles as a dually responsive drug delivery system[END_REF]. It is used in glues and plastics and packaging [START_REF] Arif | Protein-Based Bioproducts[END_REF][START_REF] Brzoskaa | Effects of film constituents on packaging-relevant properties of sodium caseinate-based emulsion films[END_REF], films for food packaging [START_REF] Saez-Orviz | Approaches for casein film uses in food stuff packaging[END_REF][START_REF] Hammann | Determination and quantification of molecular interactions in protein films: A review[END_REF] and nanocomposite [START_REF] Sophia | stearic acid modified casein based nanocomposites with improved mechanical and thermal properties[END_REF], nanoparticles [START_REF] Picchio | Waterborne Acrylic-Casein Nanoparticles. Nucleation and Grafting[END_REF] and coating [START_REF] Picchioa | pH-responsive casein-based films and their application as functional coatings in solid dosage formulations[END_REF].

Up to now the most favorable materials for coating applications are polyurethanes. They are used in a number of high-value applications notably through of physical and chemical properties and biocompatibility [START_REF] Wang | A Novel approach for synthesis of zwitterionic polyurethane coating with protein resistance[END_REF][START_REF] Thébault | Isocyanate-free polyurethanes by coreaction of condensed tannins with aminated tannins[END_REF][START_REF] Xi | Isocyanate-free polyurethane coatings and adhesives from mono-and di-saccharides[END_REF]. It was reported by Basso et al., 2017aBasso et al., -2017b [19,20] [19,20] that high-temperature coating resins was obtained by reacting lignin and tannins with triethyl phosphate. The phosphorus is used in preparation of coatings because of their properties as good adhesion [START_REF] Zhao | Recent development in phosphonic acid-based organic coatings on aluminum[END_REF] and flame retardant [START_REF] Wang | Flame-retardant rigid polyurethane foam with a phosphorus-nitrogen single intumescent flame retardant[END_REF].

In the work reported here, mainly biosourced thermosetting resins were synthesized by reacting TEP and proteins (a wheat gluten fraction or casein), presenting good coating properties and applicable as heat-resistant paints. The potential of wheat gluten protein and 2 casein to polymerize by reacting with TEP is extensively evaluated by Matrix Assisted Laser Desorption Ionization Time-of-Flight (MALDI-ToF) analysis and Attenuated Total Reflectance-Attenuated Total Reflectance-Fourier Transform Mid-Infrared (ATR-FT MIR) spectroscopy.

Coating tests on aluminum metal surfaces were carried out at high temperature. The results obtained are described in this work.

Materials and methods

Preparation of samples

A wheat gluten hydrolysate, namely SOLPRO 508, supplied by Tereos Starch & Sweeteners s.a.s. (Z.I. et Portuaire, Marckolsheim, France) and casein (by VWR, Radnor, Belgium), Ammonium hydroxide (25%) and triehtyl phosphate were purchased from Acros Organics (Geel, Belgium), glycerol (purity > 99.5%) from Sigma Aldrich (Saint Louis, MI, USA) and glyoxal from Sigma-Aldrich (Germany).

The experiments were carried out according to the mixture of components and observations shown in Table 1.

Table 1 Compositions and temperature of synthesis of samples, derived from SOLPRO 508, casein, glyoxal, triethyl phosphate (TEP), glycerol and ammonia (NH3). 

polymerization P2 185 X X X brown solid P3 185 X X hard dark solid P4 185 X X X Dark solid P5 185 X X X X Dark solid P6 185 X X X X X hard black solid C1 185 X X brown powder without any polymerization C2 185 X X X brown solid C3 185 X X hard dark solid C4 185 X X X Dark solid C5 185 X X X X Dark solid C6 185 X X X X X hard black solid
All of the samples presented in Table 1 were prepared by mixing the compounds at room temperature (23±2°C). When glyoxal was used, it was added after adding the NH3 at the end because is very reactive with protein. No additional catalysts were used. Then, these blends were put into a ventilated oven preheated at 185 °C directly after mixing, according to Table 1, overnight. Samples were prepared and analyzed in triplicate.

For example, to prepare samples P1 and C1, respectively, into a beaker, 0.5g SOLPRO 508 or 0.5g casein was mixed with 0.5g of TEP and kept under mechanical stirring for 24hours at room temperature. After this, the mixture was directly transferred into a ventilated oven and preheated at 185 °C for 2 hours.

For samples P2 and C2, respectively, into a beaker, 0.5g SOLPRO 508 or 0.5g casein was mixed with 0.5g of TEP and 10g ammonium hydroxide (25%) and kept under mechanical stirring for 24hours at room temperature. After this, the mixture was directly transferred into a ventilated oven and preheated at 185 °C for 2 hours.

For samples P5 and C5, respectively, into a beaker, 0.5g SOLPRO 508 or 0.5g casein was mixed with 0.5g of TEP and 10g ammonium hydroxide (25%) and kept under mechanical stirring for 2 hours at room temperature. After this 0.5g of glyoxal was add and kept under mechanical stirring for 22 hours at room temperature. After this, the mixture was directly transferred into a ventilated oven and preheated at 185 °C for 2 hours.

Analysis of samples

The samples were analyzed by MALDI-ToF, ATR-FT MIR and adhesion Tests

MALDI-ToF Analysis

The samples for matrix assisted laser desorption ionization time-of-flight (MALDI-ToF) analysis were prepared by first dissolving 5 mg of the resins in 1 mL of acetone. Then 10 mg of this solution is added to 10mL of a 2.5-dihydroxy benzoic acid (DHB) matrix. The locations dedicated to the samples on the analysis plaque were first covered with 2 mL of a NaCl solution 0.1M in 2:1 v/v methanol/water, as an analysis enhancer, and pre-dried. Then 1 mL of the sample solution was placed on its dedicated location and the plaque dried again. The reference substance used for the equipment calibration, up to 2000 Da, was red phosphorus.

MALDI-ToF spectra were obtained using an Axima-Performance mass spectrometer from Shimadzu Biotech (Kratos Analytical Shimadzu Europe Ltd., Manchester, UK) using a linear polarity-positive tuning mode. The measurements were carried out making 1000 profiles per sample with two shots accumulated per profile. The spectra precision is of ± 1D.

ATR-FT MIR analysis

A Perkin Elmer Frontier ATR (Attenuated total reflection) spectrophotometer equipped with a diamond/ZnSe crystal was used to analyze all the samples. About 2 mg ground powder was placed on the crystal and the contact was obtained applying a force of about 150 N on the sample. Each spectrum was obtained with 32 scans with the resolution of 4 cm -1 from 4000 to 650 cm -1 .

Metallic Surface Coating Application

Four resins were prepared:

-The first one we call it "resin A1'' made with SOLPRO 508 by mixing 0.5 g of SOLPRO 508, 0.5 g of TEP, and 0.34 g of glycerol after 1.2 g of NH3 (25%) was added. The reaction was maintained for 3 days at room temperature.

-The second one we call it "resin A2'' made with SOLPRO 508 by mixing 0.5 g of SOLPRO 508, 0.5 g of TEP, and 0.34 g of glycerol after 1.2 g of NH3 (25%) was added and at the end 0.5 g glyoxal was added. The reaction was maintained for 3 days at room temperature.

-The third one we call it "resin B1" made with casein by mixing 0.5 g of casein, 0.5 g of TEP, and 0.34 g of glycerol after 3.3 g of NH3 (25%) was added. The reaction was maintained for 3 days at room temperature.

-The fourth one we call it "resin B2" made with casein by mixing 0.5 g of casein, 0.5 g of TEP, and 0.34 g of glycerol after 3.3 g of NH3 (25%) was added and at the end 0.5 g glyoxal was added. The reaction was maintained for 3 days at room temperature.

The resins were evaluated for coating application on aluminum plates. all resins were used directly after preparation without any storage. First, the resins were applied individually on the metallic surface and the material was dried at 80°C. After cooling, the plate was exposed to a temperature of 430 (±10)

°C for 11 min to bake the film.

Evaluation of coatings

Cross-cut test

Cross-cut adhesion was evaluated according to NF EN ISO 2409 standard (2013). The coating prepared with the resin A1, A2, B1 and B2 were cut through to the metallic substrate with a razor in order to produce edges from which the coating may then be lifted. The cutting pattern consisted of a 10 x10 grid of 1 mm x 1mm. A strong adhesive tape was applied over the cut area and tightly pressed.

Then the tape was then rapidly pulled up. Finally, the coating was examined, after washing with hot water again, in order to determine the number of blocks removed, thus constituting a method of evaluating adhesion.

Heating cycles:

The coated plates prepared with the resin A2 and B2 were exposed at several heating cycles of dry heat by putting them in a ventilated oven and afterwards, on the surface of the ceramic plate. In each cycle, the weight loss percentage was calculated regarding the initial weight of coating (registered after the curing stage). Subsequently, the cross-cut test was carried out. The temperature cycles were:

-8 cycles x 1 h at 180 (±1) °C and -1H x 320 (±5) °C + 1 h x 385 (±10) ° C + 3 cycles x 1 h at 320 °C.

Solvent resistance:

Solvent resistance of "resin A2" after coating and "resin B2" after coating was determined by the double rub method according to ASTM D5402-06 (2015) [START_REF]Standard Practice for Assessing the Solvent Resistance of Organic Coatings Using Solvent Rubs[END_REF]. The coatings on substrate were rubbed with a cotton gauze using ethanol and acetone as solvent. The results were reported as the minimum number of double rubs at which obvious change on the surfaces were observed, or reported as ">400", if no change was observed after 400 double rubs, which was the maximum number of double rubs in this method.

RESULTS AND DISCUSSIONS

Observation of resin after treatment at 185°c

At 185°C P1 and C1 stay as powder without any polymerization that mean NH3 is important for the polymerization.

ATR-FT MIR

ATR-FT MIR showed quite similar transmittance peaks between SOLPRO 508 and casein. The three characteristic absorption bands of protein secondary structure in the mid infra-red spectrum are designated as the amide I (1580-1720 cm -1 ), amide II (1480-1580 cm -1 ) and amide III (1430-1480 cm -1 ) bands (Kong and Yu., 2007).

In comparison, the spectrum of C2, C3, P2 and P3 show the presence of νs (P-O-C) and ν (P=O) at 1080 and 1250 m -1 , respectively. The broadening of the peaks corresponding to these groups is due to the cross-linked structure of TEP with both proteins. These νs (P-O-C) and ν (P=O) bands at 1080 and 1250 cm -1 are more intense when glyoxal is added at the end.

Changes with more overlapped can also be noticed in the 1500-1300 cm-1 region includes the ethoxy bending vibrations which possibly due to the cross-linking of the polymer, C-N and maybe P=N stretching vibrations. The band at 3000 cm -1 is considered as the overlapping of contributions due to CH3, CH2. The broadband observed between 3100 and 3300 cm -1 corresponds to the stretching vibration of OH. The overlapping observed in this band is due to -NH-stretching. The increase of the pic at 3000 cm -1 is due to the glyoxal reacting with the -NH2 groups of the protein and increasing the relative proportion of OH groups. This was more marked for casein, than for the SOLPRO 508 protein.

This band decreases considerably in the spectra of C1 and P1, meaning that TEP reacts with the proteins at the hydroxyl group sites. For C2 and protein P2, this band appears more intense than when the protein is reacted with TEP alone and is assigned to the symmetric and asymmetric stretching modes of amine groups at 3100-3300 cm -1 (Kong and Yu., 2007). This mean that NH3 reacts with the -OH of the protein and only afterward it reacts with TEP. This is confirmed by the results of the MALDI-ToF analysis (cf. below). 

MALDI-ToF analysis

MALDI-ToF analysis of protein SOLPRO 508 reacted

The MALDI-ToF spectra of P1 (Protein SOLPRO 508-TEP reaction) is presented in Fig. 3; schema 1.

According to these results, the reaction of TEP occurs aliphatic and aromatic -OH groups and amino groups of amino acid. The peak at 306 Da can be attributed to structures I, where TEP reacted with the amino groups of glutamine (with Na + , protonated). The peak at 334 Da can be attributed to structure II, where TEP can have reacted with three alanine (with Na + ). The peak at 351 Da can be attributed to structure III, where TEP can have reacted with glutamine and alanine (with Na + , and protonated with two H + ). The peak at 421 and 422 are assigned to the structure IV where TEP has reacted with two phenylalanine (without Na + and deprotonated with two or three H + ). The peak at 443 (with Na + ) and 444 Da (with Na + protonated with one H + ) are attributed to structure IV. The peak at 459 Da is attributed to structure V (without Na + and deprotonated of one proton), where TEP has reacted with amino group of alanine, glutamine and hydroxyl group of tyrosine. The peak at 552 can be assigned to structure VI, where TEP has reacted with glutamine and two tyrosine (without Na + ). where methionine have reacted with TEP with the amino group and react with ammonia with the carboxylic group. The peak at 334 Da is assigned to structure VIII (with Na + , protonated with 2 protons), where TEP has reacted with a peptide residue of glutamate and glycine react afterwards with the ammonia, but can also be assigned to structure IX (with Na + , protonated with 3 protons), where TEP has reacted with three separate alanine react afterwards with the ammonia. Structure X (with Na + and deprotonated of 2 protons) which can be assigned to TEP reacted with glycine and phenylalanine and reacted with ammonia corresponds to the peak at 351 Da. The peak at 421 corresponds to structure XI where TEP has reacted with tyrosine reacted with ammonia (without Na + and deprotonated of 2 protons). The peak at 444 Da corresponds to the same structure XI (with Na + ). The peak at 552 Da is attributed to structure XII (without Na + ), where TEP has reacted with two tyrosine and a glutamine and react afterwards with the ammonia. The 281 Da peak corresponds to structure XIII (without Na + and deprotonated of one proton) where TEP has reacted with two glycine reacted with ammonia after it has reacted with one glyoxal.

Structure XIV corresponds also to the 359 Da peak (with Na+), where TEP has reacted with alanine and glycine reacted with NH3 and afterwards with glyoxal. The peak at 421 is assigned to structure XV (with Na + ), where a TEP-reacted tripeptide residue (serine-glycine-alanine) has reacted with ammonia and only afterwards has reacted with glyoxal. Another structure can also be assigned to the peak 421 Da. This is structure XVI (protonated) where TEP has reacted with a dipeptide of glycine-glutamine reacted with ammonia, subsequently reacted with glyoxal. Structure XVII (without Na + ) corresponds to the peak 878 Da, where two TEP molecules have reacted with two alanine, tyrosine, two glutamines' and four glyoxal. 

MALDI-ToF analysis of reacted casein

The MALDI-ToF spectra of C1 (Casein-TEP reaction) is presented in Fig. 6; schema 4. According to these results, the reaction of TEP occurs on the aliphatic and aromatic -OH groups and amino groups of amino acid. of casein.

The peak at 420 Da can be attributed to structure I (without Na + ), where two TEP molecules have reacted with the hydroxyl and amino groups of a serine and amino groups of alanine, while the peak at 443 Da can be attributed to structure I (with Na + ). The peak at 459 Da and 460 Da are assigned to structure II (with two Na + and protonated without one or two protons) where TEP molecules have reacted with dipeptide (threonine-glycine) and methionine. The peak at 524 is attributed to the structure III (without Na + and protonated). Where TEP reacted with glycine, proline and histidine which reacted with a second TEP. The peak at 669 Da is attributed to the structure IV (without Na + and deprotonated). The peak 761 Da is attributed to structure V (without Na + and without two proton).

The peak 861 Da is attributed to structure VI (without Na + and without one proton). According to these results, the amino acid reacts with the TEP and only afterwards it reacts with NH3.

The peak at 443 Da can be assigned to structure VII (with Na + ), where TEP reacted with alanine has reacted also with a tripeptide composed of alanine-proline-glycine then reacts with ammonia. The peak at 457 Da can be attributed to structure VIII (with Na + , without one proton), where TEP molecules have reacted with proline-lysine-glycine peptide. The peak at 552 Da is assigned to structure IX (with Na + and protonated) where TEP has reacted with proline-serine dipeptide followed by reaction with another TEP reacted with two glycine and then ammonia reacted with carboxylic groups. Structure X can be assigned to the peak at 860 Da (without Na + and protonated). that casein amino acids do react with ease on all the 3 reactive sites of TEP inferring that cross-liking occurs, a fact confirmed by the hardening of the polymer network so formed.

Coating test:

Adhesion Tests

Fig. 9 shows the aspect of the coated surface after the cross-cut test. For resin A1 less than 5% of the surface has been removed and for resin B1, 5% of the surface has been removed showing a slightly lower level of adhesion. For resin A2 and B2 none of the blocks is removed and cutting lines are sharp shows the best adhesion equal to 0, which showing a well-adhered layer. Accordingly, the adhesion was evaluated, indicating that resin A2 of the wheat gluten protein and resin B2 of casein can be applied as metal coatings and present high-temperature resistance showing that the addition of glyoxal improves resin adhesion. The use of NH3 is important in the polymerization of the resin based on the wheat gluten protein hydrolysate SOLPRO 508 and on casein. Glyoxal is important to improve adhesion and thermal resistance. The resistance to the temperature of coatings tested at different heated cycles is shown in Fig. 10.

When the specimen is heated at 180°C for 8 cycles (1 hour for each cycle), the weight remains stable for the resins A2 and B2 coatings. When the specimen is kept for 1hour at 320°C •, the weight loss increases as the exposition time rises. In this case, decomposition was observed of resins A and B coatings of 50% and 63% respectively. At 385 •C for 1 hour, there is a 20% increase in decomposition for both types of coatings. The coating weight loss for casein is larger than for the SOLPRO 508 coating showing the superior resistance properties of a coating prepared with SOLPRO 508.

According to the thermal analysis, both protein coatings have good thermal stability at 185°C. The weight loss was less than 1% at 185°C for 24 hours. The solvent double rub test was performed according to ASTM D5402-06 by using ethanol and acetone for more than 400 cycles and no apparent flaw such as removal of coating or loss of shine or brightness of both coating surface was observed.

Conclusion

We have confirmed with ATR-FT MIR and MALDI-ToF that the wheat gluten protein hydrolysate SOLPRO 508 and casein react with triethyl phosphate (TEP).

TEP has been shown to cause cross-linking of casein, as already shown for other natural materials, by reacting with wheat gluten protein hydrolysate and casein amino acids on all its 3 reactive sites. The structures determined by MALDI ToF analysis and testing of the hardened coating having confirmed this. TEP has been shown to react with sites of the following amino acids (alanine, glutamine, proline, lysine, glycine, threonine, serine and histidine) of casein and with (tyrosine, alanine, glutamine, glycine, methionine and serine) of wheat gluten protein hydrolysate to lead to cross-linking of the protein.

The investigation of the coating prepared with TPE and both the wheat protein (protein 508) and casein by a standard adhesion test has shown that the both resins are suitable for metal coating adhesion. Coatings made from these proteins can be used as a topcoat in cookware such as pots and pans whose surface has excellent anti-stick properties of cooked foods, also in household appliances such as iron soleplate
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Table 2

 2 Resistance to solvent

	Solvent	coating surface	Ethanol	Acetone
	Resin A2 Coating		>400	>400
	(protein 508)			
	Resin B2 Coating		>400	>400
	(casein)			
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