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Formulation and Application of Whey-Protein
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N ECONOMICALLY acceptable approach to improve water

barrier property of paperboard was established. This approach is
based on preparation and application of biodegradable- based
polymeric coatings onto paperboard surfaces composed of a
combination of commercial whey protein and polyvinyl alcohol.
Blending of PVA solution with whey protein solution led to
improvement in the viscosity of the resultant formula. Low molecular
weight polyol (glycerol) was also used as a plasticizer in the formula.
Films containing different ratios of whey protein and PVA were
prepared and characterized by FTIR. SEM was used to investigate the
surface morphology of the prepared films as well as the coated
paperboard. It was noticed that film surfaces containing large percent
whey protein were rough. Mechanical tests of films and coated
paperboard show positive results. Water permeability of coated
paperboard by biopolymer blend was improved by approximately 60%
compared to uncoated substrate. This work has also explored the
recycling potential of barrier-coated boards as an alternative option to
disposal in a landfill.
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The preparation process of blending two or more polymers has been considered
to be one of the most promising methods to achieve new materials with good
performance as compared with their chemical modification. Combining synthetic
polymers with natural materials provides ways to reduce costs and offers benefits
from the combined properties. The association by blending is an interesting way
to overcome some weaknesses of polymers such as poor mechanical properties
and low degradability. Blending synthetic polymers with natural polymers can
obtain new polymeric materials with superior performance while reducing the
amount of chemical in use®. Interestingly, it has been found that blending of,
poly(vinyl alcohol) (PVA), with natural polymers forms biodegradable
composites. PVA/natural polymer blends have promising industrial applications
in many fields because of their biodegradability, biocompatibility, chemical
resistance and excellent physical properties @ .
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A variety of polymers from renewable sources, e.g. polysaccharides, proteins,
lipids and their composites, derived from plant and animal feedstock, have thus
been investigated toward development of edible/biodegradable, nontoxic
packaging materials that might replace synthetic polymers ©

In particular, various whey protein products have been developed in recent
decades including whey protein concentrates (WPC) produced by ultrafiltration
(UF), with protein contents ranging in 35-80% (w/w) on a dry basis, as well as
whey protein isolates (WPI) produced by ion-exchange and subsequent UF, with
protein contents above 90% (w/w) @ . Beside their distinct protein contents, WPI
and WPC differ in the levels of such other constituents as lipids, minerals and
lactose. These differences may influence the intermolecular bonds in the
manufactured films and consequently their barrier, mechanical and thermal
properties © .

Paperboard belongs to a group of products, which has the advantage of being
renewable, commonly available and cost efficient with excellent potential for use
as a base substrate in numerous applications. In addition, it is possible to adjust
the properties of the intended end-use by simply choosing appropriate
manufacturing conditions ©% . At the same time, it is necessary to have a good
understanding of the substrate properties as well as the manufacturing methods.
Therefore, the development procedure requires support from analytical tools and
material characterization. This is even more important at the interfacial regions
where paper packaging is still used substantially in food packaging applications.
For instance, packaging materials must be able to protect or hold food while
offering moisture or grease barrier properties™” . To a limited extent packaging
paper usually has poor gas, moisture and grease resistance. As a consequence, it
is often coated to improve its barrier properties especially to water vapor,
oxygen, aromas and grease by hydrophobic materials such as paraffin wax and
polyethylene. However, the content of the polyethylene and paraffin wax of
packaging materials makes it difficult to separate, recycle or compost them after
use ®** In an effort to produce more environmentally friendly materials,
renewable and biodegradable biopolymers have been utilized as paper coating
substances.

The aim of this work is to prepare biodegradable coatings based on
commercial whey protein and PVA for paperboard. Treatment of paperboard
surface with the prepared polymeric is meant to improve the water permeability
and the mechanical properties of paperboard intended for food packaging
applications.

Materials and Methods
Materials
Commercial whey protein containing 12.88% protein and poly vinyl alcohol
(degree of polymerization1700:1800), obtained from Qualikem Fine Chemicals
Pvt. Ltd. New Delhi were used as biodegradable coating materials. Unbleached
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paperboard of basis weight 150 g/m? represents the substrate. Low molecular
weight polyol glycerol (99.7%) was supplied by Elgomhoria Company.
Analytical grade sodium hydroxide. (NaOH) pellets obtained from El Nasr
pharmaceutical Chimecals Co. were used to prepare 0.1 M solution at room
temperature.

Determination of protein percent for whey protein

Nitrogen content of the whey protein was determined using Kjeldahl
distillation units (AOAC). The protein percent, in commercial whey protein
powder, was calculated applying the following formula: ‘%

Protein % = N x 6.25

Film preparation

Fabrication of WP/PVA films was based on a solution casting and
evaporation method. The total solid content forming film was 10% w/w
containing four levels of WP:PVA, 100%:0%, 50%:50%, 25:75% and 75:25.
Glycerol was added at 2% level (w/w) on total weight basis to plasticize the
films.

Film-forming solutions were prepared by slow dissolution of WP powder in
distilled water under magnetic stirring at 70 °C for 10 min and adjusting the pH
of solution at 7.0 with 0.1 M NaOH.

PVA aqueous solution was prepared by stir-heating in a water bath at 90 °C
for 60 min. Mixtures, including the prepared WP solutions, with various weight
ratios of PVA water solution and glycerol, were made as the film fabrication
resins. The pH of the resins was again adjusted to pH 7.0 with 0.1 M NaOH
solution followed by heating at 80°C with continuous stirring for 30 min. The
solutions obtained were poured onto Teflon-coated plates, where the amount of
each film forming solution poured was the same (100 ml). The spread solutions
were allowed to dry at 70°C for 6 hr. Once formed, the films were peeled off and
conditioned in a controlled temperature and humidity storage room, for at least
72 hr prior to testing “® .

Viscosity of coating solution

Viscosity was tested by a Brookfield DV-IIl viscometer (ULTRA
PROGRAMMABLE RHEOMETER) with spindles No. 21, 27 at the speeds of
80, 250 and 150 rpm and the value of viscosity was taken at 20 s.

Coating application

Unbleached paperboard (basis weight, 150 g/m?; thickness 0.565 mm) was
used as substrates to apply the hybrid polymer coatings. The biodegradable
coatings were applied from prepared aqueous plasticized PVA/WP blends on one
face using roll coater. The applied coatings were dried under hot-air oven drying
for 5 min at 35 °C. The coated paperboards were subsequently conditioned for at
least 24 hr at 23 °C and 50% relative humidity before subsequent measurements
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were performed.
Test series

FT-IR of whey protein powder,coated paperboard and WP/PVA blend film
was performed using a Thermo-Nicolet Model 670 Instrument (Thermo Electron,
Inc, Madison, WI). Film thickness was measured using micrometer model
Chuan-Lu at three random positions. Film morphology was investigated using
scanning electron microscopy (SEM). Water permeability at WG 100 mm of
uncoated and one surface coated carton is determined according to BS 6906 part
Il Tayousiki Japan.

The mechanical properties of blend films and coated paperboard were
evaluated with a 3369 Instron Universal Testing Machine, using a load cell of
+0.1000 N. Paper strips of 15 mm width were clamped with an initial grip
separation of 50 mm and elongated with a cross-head speed of 50 mm/min until
fracture.

Results and Discussion

According to economic view, waste WP was used in this study in form of
composites with poly vinyl alcohol and glycerol.

The pH of WP/PVA/glycerol blends was adjusted at 7 by 0.1 M NaOH
solution after addition of glycerol that slightly reduces the pH of the mixture.
Stirring the mixture at 80°C for 30 min was found to be essential to allow the
formation of intermolecular bonds, which assist in establishment of a crosslinked
polymeric network structure. Such a process is also necessary to obtain flexible

film that can retain their structural integrity under high moisture environments
(16)

The thicknesses of the prepared films were 0.25 mm at 25% whey protein,
0.26 mm at 50% whey protein and 0.37 mm at 75% whey protein, respectively. It
was noticed that films containing large ratios of commercial WP appeared to be
thicker.

Effect of PVA concentration on the viscosity of the coating solutions

The effect of WP and PVA contents on the viscosity was studied (Table 1).
The results showed that as the concentrations of PVA increases, the viscosity of
the obtained coating solution increases well. In contrast, the concentration of WP
had no effect on viscosity. For example samples composed of 50% WP, the
viscosity did not significantly increase; 109 cP. On the other hand, raising the
PVA concentration from 50% to75% resulted in a significant increase in the
viscosity. Moreover, the addition of PVA into whey protein successfully
increased the viscosity “” indicating that interactions occurs between these two
polymers when their solutions are blended at pH 7.0. Thus, the viscosimetry
method can be used to investigate polymer—polymer interactions and for
assessment of the miscibility between natural and synthetic polymers 8 .
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TABLE 1. Effect of PVA/WP ratio on the viscosity of PVA/WP/glycerol composites.

Specimen Viscosity,cP Torque % Speed, rpm
75% PVA:25% WP 356.7 11.3 80
50% PVA: 50% WP 109 11 250
25%PVA:75% WP 34 105 150
100% WP 6 3.2 250

Spindle type changed according to related viscosity.

Film tensile properties

Data corresponding to the tensile properties of WP/PVA glycerol films, with
different levels of WP, are shown in Fig.1. WP film containing 0% PVA was
very poor and brittle. Raising the PVA% to 25% led to an increase in tensile
strength of the film from 0 to 1.71 N/mm?. Indeed, PVA improves the flexibility
and decreases the brittleness of whey protein based film. This is most likely due
to the decrease in intermolecular interaction between proteins molecules resulted
from the dispersed PVA molecules in the film matrix. On the other hand, film
consists of 25%WP: 75% PVA has significantly higher values of tensile strength
(TS) and elongation at break (EB) than those for WP films with the lower PVA
contents. Hence, film made from 25%WP: 75% PVA is stronger and more
flexible than that made of WP with lower PVA content, owing to higher
mechanical resistance (i.e. higher TS) and higher extensibility of PVA.
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Fig. 1. Tensile properties of WP/PVA/ glycerol films.

Also, the presence of glycerol increases film elasticity and elongation because
it constrains establishment of hydrogen bonds between the protein chains and
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PVA molecules thus increasing intermolecular spacing, and therefore chain
mobility .

Morphology of films

Figure 2 shows surface morphology of WP/PVA/glycerol films. All film
types showed dense structures and rough surfaces. This means that blending
with PVA cannot absolutely eliminate structural defects. The film containing
large amount of PVA displays smooth parts more than other films. However ,
films containing large amount of WP, 50% and 75% become more, irregular and
rough compared to those of lower WP ratios.

b

500um X100

Fig. 2. SEM of WP/PVA/glycerol films (a)25% WP: 75% PVA, (b)50% WP:50%
PVA, (c) 75%WP: 25% PVA

Properties of coated paper board

The effective coating thickness is difficult to measure because of
topographical variations in the paperboard surface, but values are within the
range of 0.5 mm thereby covering the macro-porosities over the paperboard
surface. The water permeability measurement used in this study is based on the
flow rate of water ejected at a given pressure between 2 and 1000 kPa @ through
a nozzle pressed against one surface of the sheet material whose permeability is
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to be measured. From Table 2, the values of water permeability of coated
paperboard are significantly lower than those of uncoated paperboard. The water
penetration and absorption into the paper are also largely dependent on the
homogeneity and the internal structure of the coating. Coating solution consists
of 25%:75% WP:PVA gives the least water permeability, i.e. 3.97 L/m?.min,
owing to formation of hydrogen bonds between —OH of PVA, -NH2 of whey
protein and —OH of cellulose which may inhibit diffusion of water molecules.
Large percent of synthetic polymer filled pores and minimize the porosity and the
hydrophilic property of natural polymers thus decreasing flow rate of water ¢V

TABLE 2. Mechanical properties and water permeability of uncoated and
PVA/WP/glycerol coated paperboard.

Water
Sample Load ,N Extension , mm permeability,
L/m?.min
Blank 36.095 2.72 10.08
50% WP : 50%PVA coating 55.6 3.315 6.58
75% WP :25%PVA coating 46.005 3.08 5.38
25%WP: 75% PVA coating 57.535 4.345 3.97

Infrared characterization

Fourier transform infrared (FTIR) spectroscopy has been applied to
investigate specific molecular bonding interactions in polymer blends. When two
polymers are in separate and distinct phases (completely immiscible), it can be
assumed that the two components do not interact in IR spectral terms (except
perhaps at the interface of the two phases). In that case, the spectrum of the blend
reflects the appropriate addition of the IR spectrum of the two individual
components. However in case of miscible or partially miscible polymer blends,
the IR spectrum may show formation of new bands as a result of miscibility; and
disappearance of some component bands. Shifts in specific bands would give
information on the switches from component specific bonds to the bonds
between components 2 .

The FT-IR spectrum of whey protein shows, a strong band at ~3380 cm™ due
to amine NH symmetric stretching vibration (Fig.3a). The peak at ~2927 cm™ is
typical C-H vibration, while band at ~1430 cm™ is due to amino acids
functionality. Band at ~1655 cm™ indicates the presence of C=0 , while the
broad peak at ~1090 cm™ indicates C-O stretching vibration.

In Fig. 3b, which represents the composites film, the characteristic peaks of
PVA appear together with the bands belong to whey protein at 3388 cm™ in
addition to broad band at 3760 cm™ which could be related to free or unbounded
—OH group.

Egypt. J. Chem. 56, No.3 (2013)




220 Mona A. Nassar and Y. R.Hassan

60 T T T T T T T 1
3900 3400 2900 2400 1900 1400 900 400

] Wavenumber(cm-1

Fig.3a.FTIR spectrum of whey protein.
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Fig. 3b. FTIR spectrum of WP/PVA/glycerol blend.
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Fig. 3c. FTIR spectrum of paperboard coated by WP/PVA/glycerol blend .

Several studies on proteins concerning this spectral region showed that the
band of NH stretching mode is generally at 3254 cm™®®, There is therefore a
displacement of the band that could be due, in our case, to the presence of other
components in the biofilm formulation, especially glycerol and PVA (with a
large amount of hydroxyl groups). It is clear that band of amino acids at1432
cm is also found.

FTIR spectrum of paperboard coated with WP/PVA/glycerol, Fig. 3¢ shows
a peak located at 1630 cm™ attributable to amide vibrational mode because of the
presence of the protein coating. The same peaks may also be ascribed to the
presence of end amino acids—asymmetric and symmetric vibrations of the—-NH;"
groups®”). However, the vibration modes of cellulose are still visible. Band at
3860 cm ! is attributed to free and bound O-H and N-H groups. Abroad band at 3406
cm™ may indicate an overlap between —OH of cellulose, -NH of WP and —OH of
PVA. The typical vibration modes of cellulose namely, v(OH) at ~ 3300 cm™,
v(CH,) at 2900 cm™, 8(CH,) at 1429 cm™, 5(CH) at 1376 cm™, v(C-C) at 1204
cm™ are well detectable.

Conclusion

Commercial whey protein containing 12.88% protein was blended with PVA
in the presence of (glycerol) as a plasticizer. Film made from 25%WP: 75% PVA
was found to be stronger and more flexible than those made from WP with lower
PVA contents, owing to higher mechanical resistance (i.e. higher TS) and higher
extensibility of PVA. Coating paperboard with blended polymers on one face
improved the mechanical properties and the water permeability compared to the
uncoated paperboard. SEM was used to investigate the surface morphology of
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WP/PVA/glycerol films, indicating that all film types display dense structures
and rough surfaces.
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