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[image: image3.wmf]Fig.4: Effect of WP MW on Film Elongation
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[image: image5.wmf]Fig.2: Effect of WP MW on Film Elastic Modulus
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The effects of whey protein molecular weight (MW) on film water vapor permeability (WVP), mechanical properties and solubility at three plasticizer levels were studied.  Both 5.5% and 10% degree of hydrolysis (DH) whey protein isolate (WPI) had significant difference (p<0.05) on film tensile properties and solubility compared to unhydrolyzed WPI.  Little or no significant difference (p>0.05) appeared for film WVP between unhydrolyzed WPI, 5.5% DH WPI and 10% DH WPI films. Thus, use of hydrolyzed WPI increased film flexibility without need for additional glycerol (gly) and without increasing WVP.  Increase in gly content significantly increased film WVP and elongation, and decreased elastic modulus and maximum strength before break.  Soluble Protein (SP) and total soluble matter (TSM) of hydrolyzed WPI films were much higher than for unhydrolyzed WPI films.  
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Edible films and coatings have shown potential for controlling transfer of moisture, oxygen, lipid, aroma and flavor compounds in food systems, with resulting increase in food quality and shelf life (Donhowe and Fennema, 1993; Krochta, 1997a; Krochta and De Mulder-Johnston, 1997b).  However, much research is still needed to better understand the effect of film structure on film properties. 
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Whey protein has been shown to make transparent films with good oxygen, aroma and oil barrier properties (McHugh et al., 1994; Mate and Krochta, 1996; Mate and Krochta, 1996; Miller, 1997; De Mulder-Johnston, 1999).  However, such films are quite brittle due to extensive intermolecular forces involving protein chain-to-chain interaction.  One approach to overcome such film brittleness is addition of food grade plasticizers to the film  formulation.  Plasticizers reduce intermolecular forces along the whey protein polymer chains, with resulting increase in the mobility of polymer chains and more flexible films (Banker, 1966).  Another possible approach to reducing intermolecular forces along polymer chains is to reduce polymer molecular weight, with resulting increase in polymer chain end groups and polymer free volume (Sears and Darby, 1982).  This may decrease the amount of added plasticizer in films; consequently, it may minimize permeability of films while producing needed film flexibility. Hydrolyzed WPI also reduces the allergenicity of milk protein, which is attributable to the globular nature of the protein (Nielsen, 1997).

The objective of this study was to determine the effect of reduction of whey protein molecular weight on film WVP and mechanical properties to achieve desirable films. Additionally, the effect of whey protein molecular weight on film solubility was determined. 
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Molecular Weight Effects 
WVP.  WVP of WPI films was slightly different from that of 10% DH WPI films (p<0.05) at 25% gly content, as shown in Fig.1.  However, there was no significant difference between WVP of WPI and 5.5% DH WPI films (p>0.05).  Furthermore, there was no significant difference found between unhydrolyzed WPI, 5.5% DH WPI and 10% DH WPI film WVP at 30 and 35% gly content.  These results are consistent with the results of Perez-Gago et al. (1999) on WVP between native and denatured WPI films and the results of Mate and Krochta (1996) on WVP between WPI and (-lactoglobulin films, which showed that whey protein composition and structure had no effect on WVP.  Thus, effect of WPI hydrolysis on film WVP does not have the same trend as added plasticizer.  

Mechanical Properties.  Type of WPI had a significant effect on film elastic modulus, maximum strength and % elongation (p<0.05), as shown in Figs. 2, 3 and 4.  Hydrolyzed WPI films were more flexible (lower elastic modulus), weaker, and had smaller elongation than WPI at the same gly contents.  Extent of MW reduction cannot explain this situation, since 10%DH WPI has smaller MW than 5.5%DH.  The difference may be attributable to differences in the hydrolysis process for the two materials.  

Solubility.  Solubility is an important protein functional property.  Generally, protein solubility increases with an increase in DH, because of the reduction of protein MW resulting in increase of the number of polar groups.  The same trend was found for WPI films.  WP MW had a significant effect on  % TSM and % SP (p<0.05), as shown in Figs. 5 and 6.  WPI films maintained their integrity in water, whereas 5.5%DH WPI films completely dissolved. The 10%DH WPI films maintained their integrity during immersion contrasted with 5.5%DH WPI films which completely dissolved.  This is consistent with the finding that 10%DH WPI films were stronger and had larger elastic modulus than 5.5%DH WPI films. The 10%DH WPI films gave higher % TSM than WPI films, but less than that of 5.5%DH WPI films.  This might be due to the different enzyme, pH, treatment condition, etc. used to produce the two different hydrolyzed WPI products.  The 5.5%DH WPI gave the highest % SP (64-75%) following by 10%DH WPI films (30-34%) and WPI films (2.8-3.2%).  These results are consistent with the % TSM results.  Hydrolyzed WPI has increased solubility because the reduction of peptide bonds increases the NH3+ and COO- content in the protein (Nielsen, 1997).  Thus, changes in properties due to hydrolysis of peptide bonds include decrease in MW, destruction of globular protein structure, and increase in solubility.


Hydrolyzed WPI makes good films with larger solubility than WPI films. This study showed that the use of hydrolyzed WPI can reduce the gly content required to impart desired film flexibility and can minimize WVP of WPI films. Since hydrolyzed WPI reduces the allergenicity of milk protein, hydrolyzed WPI coatings may be acceptable on nuts and fruit for allergic people.
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Chart1
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Sheet1

		sample		% gly		Rep		no.		ini. db.		final db.		%Soluble Matter		%SM (av.,repeat)		%SM (av)		Std		absorbance		pr. conc.(mg/assay)		pr.(av,repeat)		pr.conc(mg/ml)		total pr/sample(g)		%total sol pr (g/g film)		%total sol pr (g/g pr in film)		%total sol pr(g/g pr in film)		std

		Unhy,D		25		1		1		0.01773		0.015		15.3976311337		15.6280921438		23.1885615615		9.6581759276		0.055		0.0088825		0.00815575		0.04077875		0.0004077875		2.2999858996		3.1368794383		3.286801013		0.1692943089

		Unhy,D		25		1		2		0.01721		0.014		18.6519465427								0.049		0.0079135

		Unhy,D		25		1		3		0.01652		0.015		9.200968523								0.049		0.0079135

		Unhy,D		25		1		4		0.01734		0.014		19.261822376								0.049		0.0079135

		Unhy,D		25		2		1		0.01759		0.012		31.7794201251		34.0687849243						0.053		0.0085595		0.00783275		0.03916375		0.0003916375		2.2264781126		3.2531192484

		Unhy,D		25		2		2		0.01702		0.011		35.3701527615								0.045		0.0072675

		Unhy,D		25		2		3		0.01723		0.011		36.1578641904								0.049		0.0079135

		Unhy,D		25		2		4		0.01641		0.011		32.9677026204								0.047		0.0075905

		Unhy,D		25		3		1		0.01721		0.013		24.4625217897		19.8688076162						0.045		0.0072675		0.0075905		0.0379525		0.000379525		2.2052585706		3.4704043524

		Unhy,D		25		3		2		0.01713		0.014		18.2720373614								0.046		0.007429

		Unhy,D		25		3		3		0.01588		0.013		18.1360201511								0.049		0.0079135

		Unhy,D		25		3		4		0.0172		0.014		18.6046511628								0.048		0.007752

		Unhy,D		30		1		1		0.01834		0.012		34.5692475463		29.7177869912		24.8613768461		4.4691256207		0.04		0.00646		0.00734825		0.03674125		0.0003674125		2.0033396947		2.7322928794		2.8816420228		0.1765401979

		Unhy,D		30		1		2		0.01841		0.013		29.3862031505								0.051		0.0082365

		Unhy,D		30		1		3		0.01917		0.014		26.9692227439								0.046		0.007429

		Unhy,D		30		1		4		0.01943		0.014		27.9464745239								0.045		0.0072675

		Unhy,D		30		2		1		0.01664		0.012		27.8846153846		20.9217009035						0.041		0.0066215		0.00646		0.0323		0.000323		1.9411057692		2.8361601695

		Unhy,D		30		2		2		0.01633		0.013		20.3919167177								0.04		0.00646

		Unhy,D		30		2		3		0.01536		0.013		15.3645833333								0.039		0.0062985

		Unhy,D		30		2		4		0.01751		0.014		20.0456881782								0.04		0.00646

		Unhy,D		30		3		1		0.01993		0.015		24.7365780231		23.9446426437						0.047		0.0075905		0.007792375		0.038961875		0.0003896187		1.9549360261		3.0764730196

		Unhy,D		30		3		2		0.01847		0.014		24.2014076881								0.05		0.008075

		Unhy,D		30		3		3		0.02137		0.016		25.1286850725								0.053		0.0085595

		Unhy,D		30		3		4		0.01916		0.015		21.7118997912								0.043		0.0069445

		Unhy,D		35		1		1		0.01953		0.015		23.1950844854		27.2377468627		20.9564539248		9.405894174		0.045		0.0072675		0.00718675		0.03593375		0.0003593375		1.8399257552		2.5094176754		2.7615245783		0.218842252

		Unhy,D		35		1		2		0.01866		0.014		24.973204716								0.047		0.0075905

		Unhy,D		35		1		3		0.01942		0.0115		40.7826982492								0.043		0.0069445

		Unhy,D		35		1		4		0.01875		0.015		20								0.043		0.0069445

		Unhy,D		35		2		1		0.01571		0.015		4.5194143857		10.1424858488						0.039		0.0062985		0.006177375		0.030886875		0.0003088687		1.9660646085		2.872627665

		Unhy,D		35		2		2		0.01589		0.014		11.8942731278								0.039		0.0062985

		Unhy,D		35		2		3		0.01536		0.014		8.8541666667								0.038		0.006137

		Unhy,D		35		2		4		0.01771		0.015		15.3020892151								0.037		0.0059755

		Unhy,D		35		3		1		0.022		0.016		27.2727272727		25.4891290628						0.055		0.0088825		0.008115375		0.040576875		0.0004057688		1.8444034091		2.9025283946

		Unhy,D		35		3		2		0.01987		0.015		24.5093105184								0.049		0.0079135

		Unhy,D		35		3		3		0.01984		0.015		24.3951612903								0.048		0.007752

		Unhy,D		35		3		4		0.02021		0.015		25.7793171697								0.049		0.0079135

		Hy,D		25		1		1		0.01326		0		100		100		100		0		0.9		0.14535		0.1594005		0.7970025		0.007970025		60.1057692308		81.9763945752		83.5827175555		4.9647968749

		Hy,D		25		1		2		0.01498		0		100								1.019		0.1645685

		Hy,D		25		1		3		0.01533		0		100								1.019		0.1645685

		Hy,D		25		1		4		0.01533		0		100								1.01		0.163115

		Hy,D		25		2		1		0.01367		0		100		100						0.93		0.150195		0.14898375		0.74491875		0.0074491875		54.4929590344		79.6199580569

		Hy,D		25		2		2		0.01303		0		100								0.908		0.146642

		Hy,D		25		2		3		0.01311		0		100								0.906		0.146319

		Hy,D		25		2		4		0.01356		0		100								0.946		0.152779

		Hy,D		25		3		1		0.01471		0		100		100						0.95		0.153425		0.166668		0.83334		0.0083334		56.6512576479		89.1518000344

		Hy,D		25		3		2		0.01596		0		100								1.022		0.165053

		Hy,D		25		3		3		0.01762		0		100								1.107		0.1787805

		Hy,D		25		3		4		0.01619		0		100								1.049		0.1694135

		Hy,D		30		1		1		0.01453		0		100		100		100		0		0.88		0.14212		0.16577975		0.82889875		0.0082889875		57.047401927		77.8051822598		70.3964356297		13.7257124545

		Hy,D		30		1		2		0.01831		0		100								1.075		0.1736125

		Hy,D		30		1		3		0.0185		0		100								1.084		0.175066

		Hy,D		30		1		4		0.01821		0		100								1.067		0.1723205

		Hy,D		30		2		1		0.01723		0		100		100						0.724		0.116926		0.128675125		0.643375625		0.0064337563		37.3404309344		54.5583062015

		Hy,D		30		2		2		0.01404		0		100								0.894		0.144381

		Hy,D		30		2		3		0.0129		0		100								0.845		0.1364675

		Hy,D		30		2		4		0.0112		0		100								0.724		0.116926

		Hy,D		30		3		1		0.01704		0		100		100						1.002		0.161823		0.1707055		0.8535275		0.008535275		50.0896420188		78.8258184277

		Hy,D		30		3		2		0.01734		0		100								1.033		0.1668295

		Hy,D		30		3		3		0.01843		0		100								1.109		0.1791035

		Hy,D		30		3		4		0.01726		0		100								1.084		0.175066

		Hy,D		35		1		1		0.01243		0		100		100		100		0		0.767		0.1238705		0.134368		0.67184		0.0067184		54.0498793242		73.7169541448		62.444395137		12.2261460547

		Hy,D		35		1		2		0.01372		0		100								0.83		0.134045

		Hy,D		35		1		3		0.01471		0		100								0.903		0.1458345

		Hy,D		35		1		4		0.01356		0		100								0.828		0.133722

		Hy,D		35		2		1		0.01641		0		100		100						0.673		0.1086895		0.111071625		0.555358125		0.0055535813		33.8426645338		49.447700739

		Hy,D		35		2		2		0.011517		0		100								0.705		0.1138575

		Hy,D		35		2		3		0.01654		0		100								0.627		0.1012605

		Hy,D		35		2		4		0.01651		0		100								0.746		0.120479

		Hy,D		35		3		1		0.01461		0		100		100						0.69		0.111435		0.119146625		0.595733125		0.0059573312		40.77571013		64.1685305271

		Hy,D		35		3		2		0.013		0		100								0.606		0.097869

		Hy,D		35		3		3		0.01468		0		100								0.909		0.1468035

		Hy,D		35		3		4		0.01526		0		100								0.746		0.120479

		WPH917,NZ		25		1		1		0.01718		0.009		47.6135040745		42.0282320251		52.7265806338		9.5616121478		0.42		0.06783		0.070858125		0.354290625		0.0035429063		20.6222715367		28.126076584		31.2862687797		2.7368090839

		WPH917,NZ		25		1		2		0.01764		0.009		48.9795918367								0.439		0.0708985

		WPH917,NZ		25		1		3		0.01824		0.013		28.7280701754								0.457		0.0738055

		WPH917,NZ		25		1		4		0.01748		0.01		42.7917620137								0.439		0.0708985

		WPH917,NZ		25		2		1		0.01577		0.003		80.9765377299		55.7128267438						0.41		0.066215		0.070938875		0.354694375		0.0035469437		22.4917168675		32.8627695274

		WPH917,NZ		25		2		2		0.01792		0.013		27.4553571429								0.443		0.0715445

		WPH917,NZ		25		2		3		0.01712		0.007		59.1121495327								0.437		0.0705755

		WPH917,NZ		25		2		4		0.0179		0.008		55.3072625698								0.467		0.0754205

		WPH917,NZ		25		3		1		0.01789		0.005		72.0514253773		60.4386831324						0.457		0.0738055		0.074734125		0.373670625		0.0037367063		20.8871226942		32.8699602276

		WPH917,NZ		25		3		2		0.01869		0.006		67.8972712681								0.464		0.074936

		WPH917,NZ		25		3		3		0.0189		0.008		57.671957672								0.476		0.076874

		WPH917,NZ		25		3		4		0.0179		0.01		44.1340782123								0.454		0.073321

		WPH917,NZ		30		1		1		0.01768		0.011		37.7828054299		41.2079731824		46.5151582906		8.6846169213		0.427		0.0689605		0.072392375		0.361961875		0.0036196187		20.4729567308		27.922430751		28.455131286		0.571509115

		WPH917,NZ		30		1		2		0.01726		0.012		30.4750869061								0.432		0.069768

		WPH917,NZ		30		1		3		0.01912		0.01		47.6987447699								0.453		0.0731595

		WPH917,NZ		30		1		4		0.01956		0.01		48.8752556237								0.481		0.0776815

		WPH917,NZ		30		2		1		0.01619		0.009		44.4101297097		41.8000392382						0.368		0.059432		0.064398125		0.321990625		0.0032199063		19.8882411983		29.0588171039

		WPH917,NZ		30		2		2		0.01715		0.008		53.3527696793								0.419		0.0676685

		WPH917,NZ		30		2		3		0.01911		0.013		31.9727891156								0.418		0.067507

		WPH917,NZ		30		2		4		0.01759		0.011		37.464468448								0.39		0.062985

		WPH917,NZ		30		3		1		0.01971		0.007		64.4850329782		56.5374624512						0.462		0.074613		0.071100375		0.355501875		0.0035550188		18.0366248097		28.384146003

		WPH917,NZ		30		3		2		0.01977		0.007		64.5928174001								0.445		0.0718675

		WPH917,NZ		30		3		3		0.01965		0.011		44.0203562341								0.426		0.068799

		WPH917,NZ		30		3		4		0.01917		0.009		53.0516431925								0.428		0.069122

		WPH917,NZ		35		1		1		0.0166		0.007		57.8313253012		51.7257238406		51.5071634589		5.9154023074		0.396		0.063954		0.063106125		0.315530625		0.0031553062		19.0078689759		25.9242429994		28.5753131765		2.2966666331

		WPH917,NZ		35		1		2		0.01572		0.006		61.8320610687								0.379		0.0612085

		WPH917,NZ		35		1		3		0.01674		0.009		46.2365591398								0.394		0.063631

		WPH917,NZ		35		1		4		0.01695		0.01		41.0029498525								0.394		0.063631

		WPH917,NZ		35		2		1		0.01461		0.008		45.2429842574		57.3102565629						0.366		0.059109		0.0599165		0.2995825		0.002995825		20.5053045859		29.960411767

		WPH917,NZ		35		2		2		0.01445		0.004		72.3183391003								0.37		0.059755

		WPH917,NZ		35		2		3		0.01327		0.004		69.8568198945								0.349		0.0563635

		WPH917,NZ		35		2		4		0.01547		0.009		41.8228829994								0.399		0.0644385

		WPH917,NZ		35		3		1		0.01681		0.008		52.4092801904		45.4855099731						0.404		0.065246		0.063752125		0.318760625		0.0031876062		18.9625594884		29.841284763

		WPH917,NZ		35		3		2		0.01769		0.008		54.7767100057								0.401		0.0647615

		WPH917,NZ		35		3		3		0.01526		0.011		27.9161205767								0.364		0.058786

		WPH917,NZ		35		3		4		0.01693		0.009		46.8399291199								0.41		0.066215
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		% Soluble matter																% Soluble Protein

		sample		25% gly		30% gly		35% gly		std, Unhy,D		std, Hy,D		std, WPH 917				sample		25% gly		30% gly		35% gly		std, Unhy,D		std, Hy,D		std, WPH 917

		Unhy,D		23.1885615615		24.8613768461		20.9564539248		9.6581759276		0		9.5616121478				Unhy,D		3.286801013		2.754233		3.08652153		0.28580294		2.17631109		0.9527836

		Hy,D		100		100		100		4.4691256207		0		8.6846169213				Hy,D		74.6705425		64.3931076		64.4380312		0.16866816		12.2526708		0.90930986

		WPH917,NZ		52.7265806338		46.5151582906		51.5071634589		9.405894174		0		5.9154023074				WPH917,NZ		30.2499383		29.9889313		33.5025439		0.13772015		13.6894142		0.88914508

		%gly		WPI		5.5%DH WPI		10%DH WPI		std, 25%gly		std, 30%gly		std, 35%gly

		25% gly		23.1885615615		100		52.7265806338		9.6581759276		4.4691256207		9.5616121478

		30%gly		24.8613768461		100		46.5151582906		0		0		0				%gly		WPI		5.5%DH WPI		10%DH WPI		std, 25%gly		std, 30%gly		std, 35%gly

		35%gly		20.9564539248		100		51.5071634589		9.5616121478		8.6846169213		5.9154023074				25% gly		3.286801013		74.6705425		30.2499383		0.28580294		0.16866816		0.13772015

																		30%gly		2.754233		64.3931076		29.9889313		2.17631109		12.2526708		13.6894142

																		35%gly		3.08652153		64.4380312		33.5025439		0.9527836		0.90930986		0.88914508
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Fig.2: Effect of WP MW on % Soluble matter
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Fig.3: Effect of WP MW on % Soluble Protein
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Sheet1

		sample		% gly		Rep		no.		ini. db.		final db.		%Soluble Matter		%SM (av.,repeat)		%SM (av)		Std		absorbance		pr. conc.(mg/assay)		pr.(av,repeat)		pr.conc(mg/ml)		total pr/sample(g)		%total sol pr (g/g film)		%total sol pr (g/g pr in film)		%total sol pr(g/g pr in film)		std

		Unhy,D		25		1		1		0.01773		0.015		15.3976311337		15.6280921438		23.1885615615		9.6581759276		0.055		0.0088825		0.00815575		0.04077875		0.0004077875		2.2999858996		3.1368794383		3.286801013		0.1692943089

		Unhy,D		25		1		2		0.01721		0.014		18.6519465427								0.049		0.0079135

		Unhy,D		25		1		3		0.01652		0.015		9.200968523								0.049		0.0079135

		Unhy,D		25		1		4		0.01734		0.014		19.261822376								0.049		0.0079135

		Unhy,D		25		2		1		0.01759		0.012		31.7794201251		34.0687849243						0.053		0.0085595		0.00783275		0.03916375		0.0003916375		2.2264781126		3.2531192484

		Unhy,D		25		2		2		0.01702		0.011		35.3701527615								0.045		0.0072675

		Unhy,D		25		2		3		0.01723		0.011		36.1578641904								0.049		0.0079135

		Unhy,D		25		2		4		0.01641		0.011		32.9677026204								0.047		0.0075905

		Unhy,D		25		3		1		0.01721		0.013		24.4625217897		19.8688076162						0.045		0.0072675		0.0075905		0.0379525		0.000379525		2.2052585706		3.4704043524

		Unhy,D		25		3		2		0.01713		0.014		18.2720373614								0.046		0.007429

		Unhy,D		25		3		3		0.01588		0.013		18.1360201511								0.049		0.0079135

		Unhy,D		25		3		4		0.0172		0.014		18.6046511628								0.048		0.007752

		Unhy,D		30		1		1		0.01834		0.012		34.5692475463		29.7177869912		24.8613768461		4.4691256207		0.04		0.00646		0.00734825		0.03674125		0.0003674125		2.0033396947		2.7322928794		2.8816420228		0.1765401979

		Unhy,D		30		1		2		0.01841		0.013		29.3862031505								0.051		0.0082365

		Unhy,D		30		1		3		0.01917		0.014		26.9692227439								0.046		0.007429

		Unhy,D		30		1		4		0.01943		0.014		27.9464745239								0.045		0.0072675

		Unhy,D		30		2		1		0.01664		0.012		27.8846153846		20.9217009035						0.041		0.0066215		0.00646		0.0323		0.000323		1.9411057692		2.8361601695

		Unhy,D		30		2		2		0.01633		0.013		20.3919167177								0.04		0.00646

		Unhy,D		30		2		3		0.01536		0.013		15.3645833333								0.039		0.0062985

		Unhy,D		30		2		4		0.01751		0.014		20.0456881782								0.04		0.00646

		Unhy,D		30		3		1		0.01993		0.015		24.7365780231		23.9446426437						0.047		0.0075905		0.007792375		0.038961875		0.0003896187		1.9549360261		3.0764730196

		Unhy,D		30		3		2		0.01847		0.014		24.2014076881								0.05		0.008075

		Unhy,D		30		3		3		0.02137		0.016		25.1286850725								0.053		0.0085595

		Unhy,D		30		3		4		0.01916		0.015		21.7118997912								0.043		0.0069445

		Unhy,D		35		1		1		0.01953		0.015		23.1950844854		27.2377468627		20.9564539248		9.405894174		0.045		0.0072675		0.00718675		0.03593375		0.0003593375		1.8399257552		2.5094176754		2.7615245783		0.218842252

		Unhy,D		35		1		2		0.01866		0.014		24.973204716								0.047		0.0075905

		Unhy,D		35		1		3		0.01942		0.0115		40.7826982492								0.043		0.0069445

		Unhy,D		35		1		4		0.01875		0.015		20								0.043		0.0069445

		Unhy,D		35		2		1		0.01571		0.015		4.5194143857		10.1424858488						0.039		0.0062985		0.006177375		0.030886875		0.0003088687		1.9660646085		2.872627665

		Unhy,D		35		2		2		0.01589		0.014		11.8942731278								0.039		0.0062985

		Unhy,D		35		2		3		0.01536		0.014		8.8541666667								0.038		0.006137

		Unhy,D		35		2		4		0.01771		0.015		15.3020892151								0.037		0.0059755

		Unhy,D		35		3		1		0.022		0.016		27.2727272727		25.4891290628						0.055		0.0088825		0.008115375		0.040576875		0.0004057688		1.8444034091		2.9025283946

		Unhy,D		35		3		2		0.01987		0.015		24.5093105184								0.049		0.0079135

		Unhy,D		35		3		3		0.01984		0.015		24.3951612903								0.048		0.007752

		Unhy,D		35		3		4		0.02021		0.015		25.7793171697								0.049		0.0079135

		Hy,D		25		1		1		0.01326		0		100		100		100		0		0.9		0.14535		0.1594005		0.7970025		0.007970025		60.1057692308		81.9763945752		83.5827175555		4.9647968749

		Hy,D		25		1		2		0.01498		0		100								1.019		0.1645685

		Hy,D		25		1		3		0.01533		0		100								1.019		0.1645685

		Hy,D		25		1		4		0.01533		0		100								1.01		0.163115

		Hy,D		25		2		1		0.01367		0		100		100						0.93		0.150195		0.14898375		0.74491875		0.0074491875		54.4929590344		79.6199580569

		Hy,D		25		2		2		0.01303		0		100								0.908		0.146642

		Hy,D		25		2		3		0.01311		0		100								0.906		0.146319

		Hy,D		25		2		4		0.01356		0		100								0.946		0.152779

		Hy,D		25		3		1		0.01471		0		100		100						0.95		0.153425		0.166668		0.83334		0.0083334		56.6512576479		89.1518000344

		Hy,D		25		3		2		0.01596		0		100								1.022		0.165053

		Hy,D		25		3		3		0.01762		0		100								1.107		0.1787805

		Hy,D		25		3		4		0.01619		0		100								1.049		0.1694135

		Hy,D		30		1		1		0.01453		0		100		100		100		0		0.88		0.14212		0.16577975		0.82889875		0.0082889875		57.047401927		77.8051822598		70.3964356297		13.7257124545

		Hy,D		30		1		2		0.01831		0		100								1.075		0.1736125

		Hy,D		30		1		3		0.0185		0		100								1.084		0.175066

		Hy,D		30		1		4		0.01821		0		100								1.067		0.1723205

		Hy,D		30		2		1		0.01723		0		100		100						0.724		0.116926		0.128675125		0.643375625		0.0064337563		37.3404309344		54.5583062015

		Hy,D		30		2		2		0.01404		0		100								0.894		0.144381

		Hy,D		30		2		3		0.0129		0		100								0.845		0.1364675

		Hy,D		30		2		4		0.0112		0		100								0.724		0.116926

		Hy,D		30		3		1		0.01704		0		100		100						1.002		0.161823		0.1707055		0.8535275		0.008535275		50.0896420188		78.8258184277

		Hy,D		30		3		2		0.01734		0		100								1.033		0.1668295

		Hy,D		30		3		3		0.01843		0		100								1.109		0.1791035

		Hy,D		30		3		4		0.01726		0		100								1.084		0.175066

		Hy,D		35		1		1		0.01243		0		100		100		100		0		0.767		0.1238705		0.134368		0.67184		0.0067184		54.0498793242		73.7169541448		62.444395137		12.2261460547

		Hy,D		35		1		2		0.01372		0		100								0.83		0.134045

		Hy,D		35		1		3		0.01471		0		100								0.903		0.1458345

		Hy,D		35		1		4		0.01356		0		100								0.828		0.133722

		Hy,D		35		2		1		0.01641		0		100		100						0.673		0.1086895		0.111071625		0.555358125		0.0055535813		33.8426645338		49.447700739

		Hy,D		35		2		2		0.011517		0		100								0.705		0.1138575

		Hy,D		35		2		3		0.01654		0		100								0.627		0.1012605

		Hy,D		35		2		4		0.01651		0		100								0.746		0.120479

		Hy,D		35		3		1		0.01461		0		100		100						0.69		0.111435		0.119146625		0.595733125		0.0059573312		40.77571013		64.1685305271

		Hy,D		35		3		2		0.013		0		100								0.606		0.097869

		Hy,D		35		3		3		0.01468		0		100								0.909		0.1468035

		Hy,D		35		3		4		0.01526		0		100								0.746		0.120479

		WPH917,NZ		25		1		1		0.01718		0.009		47.6135040745		42.0282320251		52.7265806338		9.5616121478		0.42		0.06783		0.070858125		0.354290625		0.0035429063		20.6222715367		28.126076584		31.2862687797		2.7368090839

		WPH917,NZ		25		1		2		0.01764		0.009		48.9795918367								0.439		0.0708985

		WPH917,NZ		25		1		3		0.01824		0.013		28.7280701754								0.457		0.0738055

		WPH917,NZ		25		1		4		0.01748		0.01		42.7917620137								0.439		0.0708985

		WPH917,NZ		25		2		1		0.01577		0.003		80.9765377299		55.7128267438						0.41		0.066215		0.070938875		0.354694375		0.0035469437		22.4917168675		32.8627695274

		WPH917,NZ		25		2		2		0.01792		0.013		27.4553571429								0.443		0.0715445

		WPH917,NZ		25		2		3		0.01712		0.007		59.1121495327								0.437		0.0705755

		WPH917,NZ		25		2		4		0.0179		0.008		55.3072625698								0.467		0.0754205

		WPH917,NZ		25		3		1		0.01789		0.005		72.0514253773		60.4386831324						0.457		0.0738055		0.074734125		0.373670625		0.0037367063		20.8871226942		32.8699602276

		WPH917,NZ		25		3		2		0.01869		0.006		67.8972712681								0.464		0.074936

		WPH917,NZ		25		3		3		0.0189		0.008		57.671957672								0.476		0.076874

		WPH917,NZ		25		3		4		0.0179		0.01		44.1340782123								0.454		0.073321

		WPH917,NZ		30		1		1		0.01768		0.011		37.7828054299		41.2079731824		46.5151582906		8.6846169213		0.427		0.0689605		0.072392375		0.361961875		0.0036196187		20.4729567308		27.922430751		28.455131286		0.571509115

		WPH917,NZ		30		1		2		0.01726		0.012		30.4750869061								0.432		0.069768

		WPH917,NZ		30		1		3		0.01912		0.01		47.6987447699								0.453		0.0731595

		WPH917,NZ		30		1		4		0.01956		0.01		48.8752556237								0.481		0.0776815

		WPH917,NZ		30		2		1		0.01619		0.009		44.4101297097		41.8000392382						0.368		0.059432		0.064398125		0.321990625		0.0032199063		19.8882411983		29.0588171039

		WPH917,NZ		30		2		2		0.01715		0.008		53.3527696793								0.419		0.0676685

		WPH917,NZ		30		2		3		0.01911		0.013		31.9727891156								0.418		0.067507

		WPH917,NZ		30		2		4		0.01759		0.011		37.464468448								0.39		0.062985

		WPH917,NZ		30		3		1		0.01971		0.007		64.4850329782		56.5374624512						0.462		0.074613		0.071100375		0.355501875		0.0035550188		18.0366248097		28.384146003

		WPH917,NZ		30		3		2		0.01977		0.007		64.5928174001								0.445		0.0718675

		WPH917,NZ		30		3		3		0.01965		0.011		44.0203562341								0.426		0.068799

		WPH917,NZ		30		3		4		0.01917		0.009		53.0516431925								0.428		0.069122

		WPH917,NZ		35		1		1		0.0166		0.007		57.8313253012		51.7257238406		51.5071634589		5.9154023074		0.396		0.063954		0.063106125		0.315530625		0.0031553062		19.0078689759		25.9242429994		28.5753131765		2.2966666331

		WPH917,NZ		35		1		2		0.01572		0.006		61.8320610687								0.379		0.0612085

		WPH917,NZ		35		1		3		0.01674		0.009		46.2365591398								0.394		0.063631

		WPH917,NZ		35		1		4		0.01695		0.01		41.0029498525								0.394		0.063631

		WPH917,NZ		35		2		1		0.01461		0.008		45.2429842574		57.3102565629						0.366		0.059109		0.0599165		0.2995825		0.002995825		20.5053045859		29.960411767

		WPH917,NZ		35		2		2		0.01445		0.004		72.3183391003								0.37		0.059755

		WPH917,NZ		35		2		3		0.01327		0.004		69.8568198945								0.349		0.0563635

		WPH917,NZ		35		2		4		0.01547		0.009		41.8228829994								0.399		0.0644385

		WPH917,NZ		35		3		1		0.01681		0.008		52.4092801904		45.4855099731						0.404		0.065246		0.063752125		0.318760625		0.0031876062		18.9625594884		29.841284763

		WPH917,NZ		35		3		2		0.01769		0.008		54.7767100057								0.401		0.0647615

		WPH917,NZ		35		3		3		0.01526		0.011		27.9161205767								0.364		0.058786

		WPH917,NZ		35		3		4		0.01693		0.009		46.8399291199								0.41		0.066215





Sheet2

		% Soluble matter																% Soluble Protein

		sample		25% gly		30% gly		35% gly		std, Unhy,D		std, Hy,D		std, WPH 917				sample		25% gly		30% gly		35% gly		std, Unhy,D		std, Hy,D		std, WPH 917

		Unhy,D		23.1885615615		24.8613768461		20.9564539248		9.6581759276		0		9.5616121478				Unhy,D		3.286801013		2.754233		3.08652153		0.28580294		2.17631109		0.9527836

		Hy,D		100		100		100		4.4691256207		0		8.6846169213				Hy,D		74.6705425		64.3931076		64.4380312		0.16866816		12.2526708		0.90930986

		WPH917,NZ		52.7265806338		46.5151582906		51.5071634589		9.405894174		0		5.9154023074				WPH917,NZ		30.2499383		29.9889313		33.5025439		0.13772015		13.6894142		0.88914508

		%gly		WPI		5.5%DH WPI		10%DH WPI		std, 25%gly		std, 30%gly		std, 35%gly

		25% gly		23.1885615615		100		52.7265806338		9.6581759276		4.4691256207		9.5616121478

		30%gly		24.8613768461		100		46.5151582906		0		0		0				%gly		WPI		5.5%DH WPI		10%DH WPI		std, 25%gly		std, 30%gly		std, 35%gly

		35%gly		20.9564539248		100		51.5071634589		9.5616121478		8.6846169213		5.9154023074				25% gly		3.286801013		74.6705425		30.2499383		0.28580294		0.16866816		0.13772015

																		30%gly		2.754233		64.3931076		29.9889313		2.17631109		12.2526708		13.6894142

																		35%gly		3.08652153		64.4380312		33.5025439		0.9527836		0.90930986		0.88914508
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Fig.2: Effect of WP MW on % Soluble matter
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Fig.3: Effect of WP MW on % Soluble Protein
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		Standard Curve for Determination of Protein Concentration

		Abs@562 nm		pr.conc(mg/assay)

		0		0
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		WPI		WPI		WPI		0.9673213923		0.3529547196		0.4366456974

		5.5%DH WPI		5.5%DH WPI		5.5%DH WPI		0.060806691		0.1844013446		0.0249272961

		10%DH WPI		10%DH WPI		10%DH WPI		0.3652927469		0.4058576653		0.6012470157
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		The Effect of WP MW on Mechanical Properties

		Sample		% Gly		Rep#		Young's Modulus		Stress at Max.Load		% Strain at Break		Toughness

								(Mpa)		(MPa)		(MPa)		(MPa)

		WPH 917		25		1		130.1		2.89475		3.90875		0.0727125

		WPH 917		25		2		155.12		3.0082		3.2945		0.06484

		WPH 917		25		3		101.7988889		2.326444444		4.486111111		0.070255556

		WPH 917		25		Av.		129.0062963		2.7431314813		3.8964537037		0.069269352

						Std		26.6773754907		0.3652927469		0.5959007125		0.0040278422

		WPH 917		30		1		64.3366666667		1.3596666667		3.9913333333		0.0347

		WPH 917		30		2		136.1166666667		2.0303333333		2.1246666667		0.0281

		WPH 917		30		3		116.666		2.091		2.5361		0.03124

		WPH 917		30		Av.		105.7064444444		1.827		2.8840333333		0.0313466667

						Std		37.1237928219		0.4058576653		0.9807672071		0.0033012927

		WPH 917		35		1		44.41375		1.35855		7.57725		0.0747

		WPH 917		35		2		72.8533333333		2.1603333333		6.266		0.0922666667

		WPH 917		35		3		33.4528571429		0.9833285714		6.6674285714		0.0459

		WPH 917		35		Av.		50.2399801587		1.5007373016		6.8368928571		0.0709555556

						Std		20.3361279354		0.6012470157		0.6718502428		0.023409028

		Unhy,D		25		1		440.4		11.4766666667		35.8766666667		3.5893333333

		Unhy,D		25		2		347.7833333333		10.0478333333		55.1566666667		4.3901666667

		Unhy,D		25		3		431.6		9.6326666667		26.3166666667		2.2296666667

		Unhy,D		25		Av.		406.5944444444		10.3857222222		39.1166666667		3.4030555556

						Std		51.1216205983		0.9673213923		14.6904594891		1.0922291977

		Unhy,D		30		1		241.3		7.1295		55.625		3.71625

		Unhy,D		30		2		262.58		7.3032		58.048		3.9346

		Unhy,D		30		3		289.0888888889		7.8088888889		68.53		4.9685555556

		Unhy,D		30		Av.		264.322962963		7.413862963		60.7343333333		4.2064685185

						Std		23.942074163		0.3529547196		6.8590849487		0.668955656

		Unhy,D		35		1		146		4.7321111111		84.9333333333		3.6117777778

		Unhy,D		35		2		159.86		4.5224		56.516		2.329

		Unhy,D		35		3		125.96		3.9013		84.389		2.9097

		Unhy,D		35		Av.		144.42		4.3943751323		73.5964920635		2.8854449735

						Std		17.7229004398		0.4366456974		19.1665110784		0.7387590068

		Hy,D		25		1		24.7852857143		1.1835714286		43.6628571429		0.4445

		Hy,D		25		2		30.829		1.2301		33.46		0.34424

		Hy,D		25		3		24.1431428571		1.3041428571		38.0557142857		0.4231

		Hy,D		25		Av.		26.5858095238		1.2392714286		38.3928571429		0.4039466667

						Std		3.6887106047		0.060806691		5.1097771428		0.0528029785

		Hy,D		30		1		9.502		0.73628		40.955		0.24565

		Hy,D		30		2		8.0377		0.94155		41.491		0.32737

		Hy,D		30		3		5.0723333333		0.5735666667		37.21		0.1602

		Hy,D		30		Av.		7.5373444444		0.7504655556		39.8853333333		0.2444066667

						Std		2.2568237538		0.1844013446		2.3323551045		0.0835919352

		Hy,D		35		1		4.8614444444		0.4414		28.3633333333		0.0919111111

		Hy,D		35		2		5.1315		0.47575		27.3075		0.0997

		Hy,D		35		3		4.4436666667		0.4898666667		36.1883333333		0.1332833333

		Hy,D		35		Av.		4.8122037037		0.4690055556		30.6197222222		0.1082981481

						Std		0.3465503737		0.0249272961		4.8513676718		0.0219854794





Sheet2

		Conclusion of Mechanical Properties on WP MW														Comparison of WVP and Elastic Modulus for WPI and 10% DH WPI Films

		Young's Modulus

		%Glycerol		WPI		5.5%DH WPI		10%DH WPI		Std,Unhy,D		Std,Hyd,Dav		Std,WPH917				WPI:Gly=2:1		10%DH WPI:Gly=3:1		10%DH WPI:Gly=3:1		Std,Unhy,D		Std,WPH917

		25% Gly		406.5944444444		26.5858095238		129.0062963		51.1216205983		3.6887106047		26.6773754907		WVP		4.74104				4.19301		0.1613		0.4591

		30% Gly		264.322962963		7.5373444444		105.7064444444		23.942074163		2.2568237538		37.1237928219		EM		144.42				129.0062963		17.7229004398		26.6773754907

		35% Gly		144.42		4.8122037037		50.2399801587		17.7229004398		0.3465503737		20.3361279354				WPI:Gly=2:1		10%DH WPI:Gly=3:1

																				4.19301

																				129.0062963

		Stress at Max.Load

		%Glycerol		WPI		5.5%DH WPI		10%DH WPI		Std,Unhy,D		Std,Hyd,Dav		Std,WPH917

		25% Gly		10.3857222222		1.2392714286		2.7431314813		0.9673213923		0.060806691		0.3652927469

		30% Gly		7.413862963		0.7504655556		1.827		0.3529547196		0.1844013446		0.4058576653

		35% Gly		4.3943751323		0.4690055556		1.5007373016		0.4366456974		0.0249272961		0.6012470157

																		WPI:Gly=2:1		10%DH WPI:Gly=3:1		10%DH WPI:Gly=3:1		Std,Unhy,D		Std,WPH917

																		4.74104				4.19301		0.1613		0.4591

																		144.42				129.0062963		17.7229004398		26.6773754907

																		WPI:Gly=2:1		10%DH WPI:Gly=3:1

																				4.19301

																				129.0062963

		%Strain at Break

		%Glycerol		WPI		5.5%DH WPI		10%DH WPI		Std,Unhy,D		Std,Hyd,Dav		Std,WPH917
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		The Effect of WP MW on Mechanical Properties

		Sample		% Gly		Rep#		Young's Modulus		Stress at Max.Load		% Strain at Break		Toughness

								(Mpa)		(MPa)		(MPa)		(MPa)

		WPH 917		25		1		130.1		2.89475		3.90875		0.0727125

		WPH 917		25		2		155.12		3.0082		3.2945		0.06484

		WPH 917		25		3		101.7988889		2.326444444		4.486111111		0.070255556

		WPH 917		25		Av.		129.0062963		2.7431314813		3.8964537037		0.069269352

						Std		26.6773754907		0.3652927469		0.5959007125		0.0040278422

		WPH 917		30		1		64.3366666667		1.3596666667		3.9913333333		0.0347

		WPH 917		30		2		136.1166666667		2.0303333333		2.1246666667		0.0281

		WPH 917		30		3		116.666		2.091		2.5361		0.03124

		WPH 917		30		Av.		105.7064444444		1.827		2.8840333333		0.0313466667

						Std		37.1237928219		0.4058576653		0.9807672071		0.0033012927

		WPH 917		35		1		44.41375		1.35855		7.57725		0.0747

		WPH 917		35		2		72.8533333333		2.1603333333		6.266		0.0922666667

		WPH 917		35		3		33.4528571429		0.9833285714		6.6674285714		0.0459

		WPH 917		35		Av.		50.2399801587		1.5007373016		6.8368928571		0.0709555556

						Std		20.3361279354		0.6012470157		0.6718502428		0.023409028

		Unhy,D		25		1		440.4		11.4766666667		35.8766666667		3.5893333333

		Unhy,D		25		2		347.7833333333		10.0478333333		55.1566666667		4.3901666667

		Unhy,D		25		3		431.6		9.6326666667		26.3166666667		2.2296666667

		Unhy,D		25		Av.		406.5944444444		10.3857222222		39.1166666667		3.4030555556

						Std		51.1216205983		0.9673213923		14.6904594891		1.0922291977

		Unhy,D		30		1		241.3		7.1295		55.625		3.71625

		Unhy,D		30		2		262.58		7.3032		58.048		3.9346

		Unhy,D		30		3		289.0888888889		7.8088888889		68.53		4.9685555556

		Unhy,D		30		Av.		264.322962963		7.413862963		60.7343333333		4.2064685185

						Std		23.942074163		0.3529547196		6.8590849487		0.668955656

		Unhy,D		35		1		146		4.7321111111		84.9333333333		3.6117777778

		Unhy,D		35		2		159.86		4.5224		56.516		2.329

		Unhy,D		35		3		125.96		3.9013		84.389		2.9097

		Unhy,D		35		Av.		144.42		4.3943751323		73.5964920635		2.8854449735

						Std		17.7229004398		0.4366456974		19.1665110784		0.7387590068

		Hy,D		25		1		24.7852857143		1.1835714286		43.6628571429		0.4445

		Hy,D		25		2		30.829		1.2301		33.46		0.34424

		Hy,D		25		3		24.1431428571		1.3041428571		38.0557142857		0.4231

		Hy,D		25		Av.		26.5858095238		1.2392714286		38.3928571429		0.4039466667

						Std		3.6887106047		0.060806691		5.1097771428		0.0528029785

		Hy,D		30		1		9.502		0.73628		40.955		0.24565

		Hy,D		30		2		8.0377		0.94155		41.491		0.32737

		Hy,D		30		3		5.0723333333		0.5735666667		37.21		0.1602

		Hy,D		30		Av.		7.5373444444		0.7504655556		39.8853333333		0.2444066667

						Std		2.2568237538		0.1844013446		2.3323551045		0.0835919352

		Hy,D		35		1		4.8614444444		0.4414		28.3633333333		0.0919111111

		Hy,D		35		2		5.1315		0.47575		27.3075		0.0997

		Hy,D		35		3		4.4436666667		0.4898666667		36.1883333333		0.1332833333

		Hy,D		35		Av.		4.8122037037		0.4690055556		30.6197222222		0.1082981481

						Std		0.3465503737		0.0249272961		4.8513676718		0.0219854794
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		%Glycerol		WPI		5.5%DH WPI		10%DH WPI		Std,Unhy,D		Std,Hyd,Dav		Std,WPH917				WPI:Gly=2:1		10%DH WPI:Gly=3:1		10%DH WPI:Gly=3:1		Std,Unhy,D		Std,WPH917

		25% Gly		406.5944444444		26.5858095238		129.0062963		51.1216205983		3.6887106047		26.6773754907		WVP		4.74104				4.19301		0.1613		0.4591
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		30% Gly		60.7343333333		39.8853333333		2.8840333333		6.8590849487		2.3323551045		0.9807672071

		35% Gly		73.5964920635		30.6197222222		6.8368928571		19.1665110784		4.8513676718		0.6718502428

		Toughness(MPa)

		%Glycerol		Unhy,Dav		Hyd, Dav		WPH917,NZ		Std,Unhy,D		Std,Hyd,Dav		Std,WPH917

		25% Gly		3.4030555556		0.4039466667		0.069269352		1.0922291977		0.0528029785		0.0040278422

		30% Gly		4.2064685185		0.2444066667		0.0313466667		0.668955656		0.0835919352		0.0033012927

		35% Gly		2.8854449735		0.1082981481		0.0709555556		0.7387590068		0.0219854794		0.023409028





Sheet2

		0		0		0		51.1216205983		23.942074163		17.7229004398

		0		0		0		3.6887106047		2.2568237538		0.3465503737

		0		0		0		26.6773754907		37.1237928219		20.3361279354



25% Gly

30% Gly

35% Gly

Type of WPI

Elastic Modulus (MPa)

Fig.4: Effect of WP MW on Film Elastic Modulus



Sheet3

		0		0		0		0.9673213923		0.3529547196		0.4366456974

		0		0		0		0.060806691		0.1844013446		0.0249272961

		0		0		0		0.3652927469		0.4058576653		0.6012470157



A

B

C

EFG

FG

G

D

E

EF

25% Gly

30% Gly

35% Gly

Type of WPI

Maximum Strength (MPa)

Fig.5: Effect of WP MW on Film Maximum Strength



		0		0		0		14.6904594891		6.8590849487		19.1665110784

		0		0		0		5.1097771428		2.3323551045		4.8513676718

		0		0		0		0.5959007125		0.9807672071		0.6718502428



C

B

A

C

C

C

D

D

D

25% Gly

30% Gly

35% Gly

Type of WPI

% Elongation

Fig.6: Effect of WP MW on Film Elongation



		0		0		0		1.0922291977		0.668955656		0.7387590068

		0		0		0		0.0528029785		0.0835919352		0.0219854794

		0		0		0		0.0040278422		0.0033012927		0.023409028



25% Gly

30% Gly

35% Gly

Types of WP MW

Toughness (MPa)

Effect of WP MW on Toughness



		0		0		0		0		26.6773754907		0.4591		0.1613		129.0062963

		0		0		0		0



A

B

C

D

D

D

C

C

D

Type of WPI

Elastic Modulus (MPa)

WVP (g mm/KPa h m2)

Fig.7: Comparison of WVP and Elastic Modulus for WPI and 10% DH WPI Films

0

0

0

0

0.1613

17.7229004398

0.4591

26.6773754907

0

0

0

0

EM,A

WVP,ab

EM,C

WVP,c

Type of WPI

Elastic Modulus (MPa)

WVP (g mm/KPa h m2)

Fig.7: Comparison of WVP and Elastic Modulus for WPI and 10% DH WPI Films



		0		0		0		0		26.6773754907		0.4591		0.1613		129.0062963

		0		0		0		0



EM,A

WVP,ab

EM,C

WVP,c

Type of WPI

Elastic Modulus (MPa)

WVP (g mm/KPa h m2)



		






_1001168413.xls
Chart3

		WPI		WPI		WPI		51.1216205983		23.942074163		17.7229004398

		5.5%DH WPI		5.5%DH WPI		5.5%DH WPI		3.6887106047		2.2568237538		0.3465503737

		10%DH WPI		10%DH WPI		10%DH WPI		26.6773754907		37.1237928219		20.3361279354



25% Gly

30% Gly

35% Gly

Type of WPI

Elastic Modulus (MPa)

Fig.4: Effect of WP MW on Film Elastic Modulus

406.5944444444

264.322962963

144.42

26.5858095238

7.5373444444

4.8122037037

129.0062963

105.7064444444

50.2399801587



Sheet1

		The Effect of WP MW on Mechanical Properties

		Sample		% Gly		Rep#		Young's Modulus		Stress at Max.Load		% Strain at Break		Toughness

								(Mpa)		(MPa)		(MPa)		(MPa)

		WPH 917		25		1		130.1		2.89475		3.90875		0.0727125

		WPH 917		25		2		155.12		3.0082		3.2945		0.06484

		WPH 917		25		3		101.7988889		2.326444444		4.486111111		0.070255556

		WPH 917		25		Av.		129.0062963		2.7431314813		3.8964537037		0.069269352

						Std		26.6773754907		0.3652927469		0.5959007125		0.0040278422

		WPH 917		30		1		64.3366666667		1.3596666667		3.9913333333		0.0347

		WPH 917		30		2		136.1166666667		2.0303333333		2.1246666667		0.0281

		WPH 917		30		3		116.666		2.091		2.5361		0.03124

		WPH 917		30		Av.		105.7064444444		1.827		2.8840333333		0.0313466667

						Std		37.1237928219		0.4058576653		0.9807672071		0.0033012927

		WPH 917		35		1		44.41375		1.35855		7.57725		0.0747

		WPH 917		35		2		72.8533333333		2.1603333333		6.266		0.0922666667

		WPH 917		35		3		33.4528571429		0.9833285714		6.6674285714		0.0459

		WPH 917		35		Av.		50.2399801587		1.5007373016		6.8368928571		0.0709555556

						Std		20.3361279354		0.6012470157		0.6718502428		0.023409028

		Unhy,D		25		1		440.4		11.4766666667		35.8766666667		3.5893333333

		Unhy,D		25		2		347.7833333333		10.0478333333		55.1566666667		4.3901666667

		Unhy,D		25		3		431.6		9.6326666667		26.3166666667		2.2296666667

		Unhy,D		25		Av.		406.5944444444		10.3857222222		39.1166666667		3.4030555556

						Std		51.1216205983		0.9673213923		14.6904594891		1.0922291977

		Unhy,D		30		1		241.3		7.1295		55.625		3.71625

		Unhy,D		30		2		262.58		7.3032		58.048		3.9346

		Unhy,D		30		3		289.0888888889		7.8088888889		68.53		4.9685555556

		Unhy,D		30		Av.		264.322962963		7.413862963		60.7343333333		4.2064685185

						Std		23.942074163		0.3529547196		6.8590849487		0.668955656

		Unhy,D		35		1		146		4.7321111111		84.9333333333		3.6117777778

		Unhy,D		35		2		159.86		4.5224		56.516		2.329

		Unhy,D		35		3		125.96		3.9013		84.389		2.9097

		Unhy,D		35		Av.		144.42		4.3943751323		73.5964920635		2.8854449735

						Std		17.7229004398		0.4366456974		19.1665110784		0.7387590068

		Hy,D		25		1		24.7852857143		1.1835714286		43.6628571429		0.4445

		Hy,D		25		2		30.829		1.2301		33.46		0.34424

		Hy,D		25		3		24.1431428571		1.3041428571		38.0557142857		0.4231

		Hy,D		25		Av.		26.5858095238		1.2392714286		38.3928571429		0.4039466667

						Std		3.6887106047		0.060806691		5.1097771428		0.0528029785

		Hy,D		30		1		9.502		0.73628		40.955		0.24565

		Hy,D		30		2		8.0377		0.94155		41.491		0.32737

		Hy,D		30		3		5.0723333333		0.5735666667		37.21		0.1602

		Hy,D		30		Av.		7.5373444444		0.7504655556		39.8853333333		0.2444066667

						Std		2.2568237538		0.1844013446		2.3323551045		0.0835919352
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Fig.5: Effect of WP MW on Film Maximum Strength
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Fig.6: Effect of WP MW on Film Elongation



								1.0922291977		0.668955656		0.7387590068

								0.0528029785		0.0835919352		0.0219854794

								0.0040278422		0.0033012927		0.023409028



25% Gly

30% Gly

35% Gly

Types of WP MW

Toughness (MPa)

Effect of WP MW on Toughness



										26.6773754907		0.4591		0.1613		129.0062963



A

B

C

D

D

D

C

C

D

Type of WPI

Elastic Modulus (MPa)

WVP (g mm/KPa h m2)

Fig.7: Comparison of WVP and Elastic Modulus for WPI and 10% DH WPI Films
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