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Elaboration of active films with whey protein isolate and concentrate 

Abstract

Whey protein-based films are biodegradable food packaging, can be edible, and have high 
nutritional value. Active compounds can be incorporated into the matrix of these films to 
extend the shelf life of the products. These additives may be essential oils (EOs) that are 
natural aromatic compounds, with antimicrobial and antioxidant properties. This study aimed 
to evaluate different conditions for the preparation of whey protein isolate and whey protein 
concentrate based films incorporated with essential oil. Protein-based films were prepared by the 
casting method with or without addition of cinnamon EO (1%, w/w). Different concentrations 
of protein (6.5, 10, 13 and 19%, w/w) and glycerol (3, 5 and 8%, w/w) were tested, as well as 
the dispersion material (glass, plastic and tetrafluoroethylene plates) of the filmogenic solution. 
The film forming solutions with high protein concentration gelled up on heating. The films 
containing 6.5% protein and 3% glycerol showed good results when Teflon® plate was used 
for drying. Edible films incorporated with active agents are suitable alternatives for food safety 
and nutrition, once they can ensure the safety of the packaged product.

Introduction

Concerns about safe and healthy foods, with 
high quality and long shelf life have driven several 
studies on active packaging technology. Active 
packaging systems that carry food additives such as 
antimicrobials, antioxidants, and flavoring agents are 
of great interest and have been widely investigated 
(Tavares et al., 2014). Many studies have been 
performed to develop packaging materials capable of 
retaining the active agent in the polymer network and 
controlling its release in food (Coma, 2008; Ramos et 
al., 2012; Teixeira et al., 2013).

Several biopolymers may be used for forming 
these active packaging. Carbohydrates, lipids, and 
protein based films are edible films and have been 
studied by several authors, once they come from 
renewable and biodegradable materials. Among the 
protein-based films, whey protein films have stood 
out (Perez-Gago and Krochta, 2000; Ramos et al., 
2012; Bonilla et al., 2013; Fernández-Pan et al., 
2013;Teixeira et al., 2014). 

Whey proteins have high nutritional value and 
functional properties, such as emulsifying capacity, 
solubility, and gelation properties (Pelegrine and 
Gasparetto, 2003; Ngarize et al., 2005; Roman and 
SgarbieriI, 2007; Sinha, 2007), and protein isolates 

and concentrates are the most marketed products. 
The characteristics of whey protein-based films such 
as transparency, brightness, and flexibility allow their 
application as food packaging (Kim and Ustunol, 
2001; Lee et al., 2008; Osés et al., 2009). In addition, 
their functional properties, as barrier properties may 
be enhanced by the addition of additives, including 
essential oils (EOs) (Bahram et al., 2013).

Cinnamon EO has proven to be a natural 
preservative and antioxidant, containing among 
their major constituents the cinnamaldehyde and the 
eugenol (Ulbricht et al., 2011). EO, as cinnamon, can 
be added to the polymer matrix, thus contributing 
to the preservation and maintenance of food quality 
(Wannes et al., 2010; Bahram et al., 2013; Oliveira et 
al., 2013; Abdollahzadeh et al., 2014). In addition, the 
EOs are classified as GRAS (Generally Recognized 
as Safe) under section 409 of the Food and Drug 
Administration (FDA, 2015), thus bringing benefits 
to food products (Keokamnerd et al., 2008; Antunes 
et al., 2012; Bellik, 2014). 

Several studies with whey protein based – 
film incorporated with EO were performed with 
different formulation. In Table 1 is a summary of 
the conditions for the preparation of whey protein 
based film found in the literature. The percentage of 
the used constituents such as the solvent, polymer, 
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plasticizer and active agent, as well as the steps and 
used material, interfere in the active film formation. 
Therefore, testing methodologies based on previous 
researches is important to ensure the formation of the 
film as a first stage for the development of an active 
packaging. For this reason, this study had as objective 
to evaluate different conditions for preparation of 
whey protein isolate and whey protein concentrate-
based films incorporated with essential oil, in order to 
obtain film with improved visual characteristics for 
further testing as food packaging.

Materials and Methods

Whey protein
Whey protein concentrate (WPC) and whey 

protein isolate (WPI) were purchased from Protesa– 
Proteins and Nutritionals (Glanbia Nutritionals, 
United States of America), with certificate of analysis 
sent by the supplier, with 82.8 and 90.0% protein and 
<8.0 and <1.3% fat, respectively.

Essential oil (EO)
Cinnamon essential oil (Cinnamomum 

zeylanicum Blume.) was commercially purchased 
(Ferquima Indústria e Comércio Ltda, São Paulo), 
originated from China, and produced by steam 
distillation of cinnamon leaves, presenting eugenol as 
main component. It was used 1% (w/w) of cinnamon 
EO because in preliminary testing (data not shows) 
was better concentration incorporated into matrix 
polymeric. 

Elaboration of whey protein based films
The protein-based films were obtained by the 

casting method, according to Yoshida and Antunes 
(2009); Rossi-Márquez et al. (2009); Fernández-Pan 

et al. (2012); Ramos et al. (2013), with modifications. 
Different concentrations of protein and glycerol 
(Sigma-Aldrich) were used, being 6.5, 10, 13, and 
19% (w/w); and 3, 5, and 8% (w/w), respectively. 
Whey protein was dispersed in distilled water and 
homogenized until complete solubilization. The pH 
of the filmogenic solution was adjusted to 7.0 with 
5N and 1N sodium hydroxide. The solution was 
heated in water bath (Quimis, Q214M, São Paulo) 
at 80°C and 90°C for WPC and WPI, respectively, 
for 30 min to protein desnaturation. Then it was 
cooled in an ice bath to room temperature (25°C). 
After cooling, glycerol and 1% (w/w) of EO (when 
used) were added, the mixture was homogenized in 
Ultra Turrax (T10 Basic, USA) at 14000 rpm, and 
5 mL were sequentially dispersed in glass, plastic, 
and tetrafluoroethylene plates (Teflon®) for drying at 
room temperature (25°C) for 48h.

Characteristics analyzed
The solutions were evaluated for formation of 

the protein-based film, and the surface materials 
were evaluated for ease of removal of the film.The 
emulsion stability, color, and aroma of both the film 
forming solution and edible films, when formed, 
were also evaluated

Analysis of the results
The experimental design was completely 

randomized. Three replicates were performed for 
each trial. The factors studied were: WPC (6.5-19%) 
and glycerol (3-8%). 

Results and Discussion

The protein concentration, pH, and temperature 
are important parameters that alter the degree of 

Table 1. Studies of whey protein based film 

N.U. = Not used 
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protein denaturation and formation of films (Lorenzen 
and Schrader, 2006; Zhang et al., 2016). Among the 
formulations without addition of EO, the best films 
were formed with 6.5% (w/w) protein (concentrate 
or isolate) and 3% (w/w) glycerol (Figure 2) as 
described by Yoshida and Antunes (2009).

All protein films were transparent and flexible, as 
also observed by Osés et al. (2009) and Ramos et al. 
(2013). Noticeable differences were observed in the 
appearance of all films at both sides. No brightness 
was observed on the side facing the plate, whereas the 
other side was bright. Ramos et al. (2013) observed 
also differences in the appearance of whey protein-
based films at both side, which may be due to phase 
separation that may occur in the filmogenic solution 
during drying.

Whey protein-based films are intermediate 
moisture barriers due to the presence of lactose. 
Therefore, the WPC-based films are more hydrophilic 
than the WPI-based films. For this reason, the 
incorporation of EO into the polymer matrix can 
make them more hydrophobic, leading to lower water 
vapor permeability (Ghanbarzadeh and Oromiehi, 
2008; Bahram et al., 2013).

The film forming solutions (FFS) containing 
protein levels above and equal to 10% gelled up on 
heating (Figure 1), thus glycerol homogenization 
and dispersion of the solutions in the plates for water 
evaporation was not possible. Similar results were 
obtained by McHugh et al. (1994) using 12% protein.

McHugh et al. (1994) have reported minimal 
temperature condition of 75°C for 30 min to form 
intact whey protein-based films. The heat treatment 
allows denaturation of β-lactoglobulin present in 
greater quantities in the WPC and WPI, whose 
denaturation temperature is approximately 78°C. 
However, films at 75°C were weaker than those 
formed using severe heat treatments (McHugh et al., 
1994).

Therefore, temperatures of 80 to 90 °C for 30 

minutes were used for the formation of WPC and 
WPI based films, respectively. High temperatures 
expose the internal hydrogen sulphide group of 
protein, leading to the formation of intermolecular 
disulfide bridges (Lorenzen and Schrader, 2006). 
In the absence of heat treatment, films are cracked 
into small pieces when dried due to the lack of 
intermolecular interactions (McHugh et al., 1994).

The pH values in the range of the isoelectric point 
of whey proteins (pH 4-5) or smaller can lead to 
insufficient intermolecular bridges for gel formation, 
probably due to high electrostatic repulsion between 
proteins, besides increasing water vapor permeability 
of the films (McHugh et al., 1994; Pérez-Gago et al., 
1999; Lorenzen and Schrader, 2006). Pérez-Gago 
et al (2006) have reported that pH values higher 
than the isoeletric point cannot affect water vapor 
permeability. In contrast, McHugh et al. (1994) found 
a significant increase in water vapor permeability at 
pH 6 when compared to pH 7-9, and FFS at pH 10 
can form strong gels, preventing the formation of 
films.

High water vapor permeability is observed when 
adjusting pH after protein denaturation, thus the pH 
of the film forming solution may be adjusted before 
heat treatment (McHugh et al., 1994). Both FFS 
and WPI-based films were more white-colored than 
WPC-based films that were yellowish, probably due 
to the high fat levels in the WPC when compared 
to WPI (Ramos et al., 2013), and other impurities 
including phospholipids and lactose (Banerjee and 

Figure 1. Film forming solutions containing protein levels 
above and equal to 10% after heating

Figure 2. Whey protein concentrated based film without 
(A) and with (C) cinnamon essential oil (1%, w/w) and 
Whey protein isolated based film without (B) and with (D) 
essential oil (1%, w/w).
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Chen, 1995). These impurities can cause changes in 
some technological properties of the films (Banerjee 
and Chen, 1995), which can increase permeability 
and hinder the mechanical properties (Osés et al., 
2009). 

Unlike what happened to the protein, different 
concentrations of glycerol used as plasticizer did not 
interfere in the formation of the films. However, films 
with high glycerol levels showed a much plasticized 
texture.

Ramos et al. (2013) investigated different 
glycerol levels and found that WPC and WPI-based 
films containing 6% glycerol were not easily released 
from the plate.

The adhesion of the FFS after water evaporation 
was dependent on the surface material. When 
dispersed in plastic and Teflon® petri plates, the 
Teflon® allowed greater ease of removal, possibly 
because it is a non-stick surface. In contrast, when 
the solution was dispersed in a glass petri plate, it 
was unable to detach from the surface. The best films 
were formed with 6.5% (w/w) protein (concentrate or 
isolate) and 3% (w/w) glycerol (Figure 2), thus these 
concentrations were also used for obtaining the films 
incorporated with EO. 

Film incorporated with cinnamon essential oil
Once cinnamon EO has proven to have 

antimicrobial properties, when incorporated into the 
polymer matrix, it can extend the shelf life of the 
product to be packed (Manso et al., 2013; Teixeira 
et al., 2013), in addition to improving the property of 
edible films (Peng and Li, 2014). The incorporation 
of EO (1%, w/w) to the FFS (6.5% protein and 3% 
glycerol, w/w) intensified the yellow color of both 
the solutions and films, besides improving aroma due 
to the volatile compounds present in the EOs.

Both FFS with WPC and WPI containing 
cinnamon EO were homogenized in Ultra Turrax, 
allowing an apparent stable emulsion, with smaller and 
well distributed oil particles, while phase separation 
was observed when an intensive agitation was not 
carried out. The FFS containing EO adhered to the 
plastic petri plate and exhibited brittle appearance. In 
contrast, the FFS containing EO were easily removed 
from Teflon® plate, despite the film was dried, brittle, 
and white-colored. Bahram et al. (2013) studied the 
microstructure of films incorporated with cinnamon 
EO, and observed many fissures due to evaporation 
of EO during drying. However, it is possible to obtain 
protein-based films incorporated with cinnamon EO, 
as reported by Bahram et al. (2013).

Fernández-Pan et al. (2012) have reported that 
the maximum amount that can be incorporated into 

the film matrix to form stable films depends on the 
type of essential oil used. The addition of cinnamon 
EO led to formation of more yellowish film, with a 
strong aroma of cinnamon, which tended to increase 
with increasing the EO levels, thus it is important to 
determine a maximum OE level to prevent changes 
in food to be packaged.

Conclusion

Among the concentrations of glycerol and whey 
protein used for film formation, the best performance 
was observed for concentrations of 3% and 6.5%, 
respectively. The use of Teflon® recipient facilitated 
removal of the film. High protein concentrations 
in the film forming solutions led to gel formation 
up on heating. Film incorporated with cinnamon 
essential oil was formed and it changed the color 
and flavor of the film. Whey protein-based active 
films incorporated with essential oil can be edible, 
besides enriching nutritionally the packaged product. 
However, studies need to be done in order to verify 
the effectiveness of the active film and mechanical 
characteristics from food packaging. 
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