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Abstract 

 

Finding a feasible alternative to reduce the use of conventional polymers in the plastic sector has become a top priority, 

since industrially generated plastic waste, mostly traditional food packaging, has turned into a global environmental 

disaster.  The aim of the study was the preparation and characterization of biodegradable films based on whey protein 

isolate, functionalized with green synthesized nanoparticles. Green silver nanoparticles (AgNPs) were synthesized using 

cinnamon extract as both capping and reducing agent. Biodegradable nanocomposite blend films based on silver 

nanoparticles and whey protein isolate (WPI) were made by casting denatured WPI film solutions incorporated with 

green synthesized silver nanoparticles. The film thickness and water vapor permeability (WVP) of both control and 

AgNPs were determined. The biodegradable films based on whey and (1%) green synthesized nanoparticles have 

potential application as active food packaging in the cheese industry. 
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Finding a feasible alternative to reduce the 

use of conventional polymers in the plastic sector 

has become a top priority, since industrially 

generated plastic waste, mostly traditional food 

packaging, has turned into a global environmental 

disaster. Whey is the most common by-product of 

the cheese industry. Whey production in the globe 

is projected to be over 180 million tons per year, 

with the EU and the United States producing the 

majority (about 70%) (Babaei-Ghazvini et al, 

2021). 

 In Romania, dairy producers pay additional 

prices for the destruction of whey, while in dairy 

factories abroad, it is appreciated and valued at a 

very good price. Romanian producers thus lose a 

huge opportunity to make a nice profit from the 

sale of whey, a by-product highly sought after by 

the dairy industry abroad (Spălățelu, 2012). 

For human food or animal feed, about 50% 

of the world's whey is used. Some countries are 

stuck in the high cost of whey treatment, in 

expensive sewage treatment plants, even practicing 

the irrigation of pastures and agricultural land with 

whey or - simply - discharging the surplus into the 

oceans or streams. The discharge into the 

environment poses serious pollution problems, 

accentuated by the fact that one liter of whey has a 

biochemical oxygen consumption (BOC) of 50,000 

mg/liter (Addai et al, 2020). Presently, the most 

rational and profitable way to capitalize on whey is 

to use it for human food and animal feed. 

However, in the past years, researchers have 

proposed the valorization of whey in the food 

package industry (Yadav et al, 2015; Di Pierro et 

al, 2017; Abdalrazeq et al, 2019; Pires et al, 2021). 

The utilization of the whey protein molecules as a 

polymer source for the manufacture of 

biodegradable plastic products may be a feasible 

way to recycle whey wastes. 

The aim of the study was the preparation 

and characterization of biodegradable films based 

on whey protein isolate, functionalized with green 

synthesized nanoparticles. 

 

MATERIAL AND METHOD 

 
Reagents and materials 

Commercial WP isolate (~90% dry basis 
protein) was purchased from ProNutrition (Dej, 
Romania), Glycerol and silver nitrate were 
purchased from Chemical Company (Iasi, 
Romania).  

 
Green synthesis of silver nanoparticles 

Silver nanoparticles were synthesized using 
ultrasound assisted cinnamon extract as both 
capping and reducing agent. Briefly, 10 grams of 
cinnamon bark powder (cinnamon zeylanicum) 
were mixed with distilled water and submitted to 


