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Introduction 

There has been budding interest in developing biopolymeric packaging comprising of biodegradable and renewable 

material [1]. Edible films and coatings are prepared using different edible and food-grade additives. These edible film 

biopolymers can be proteins, polysaccharides (starches and gums), lipids, or a combination of these [2]. Edible films 

and coatings upgrade the nature of food items, ensuring them from the physical and organic disintegration [3]. The 

use of edible films and coatings can promptly improve the actual strength of food items, lessen particle clusters, and 

improve visual and material highlights on item surfaces [4]. It can likewise shield food items from dampness 

relocation, microbial development on a superficial level, light-prompted synthetic changes, and nutrient oxidation [5]. 

There is a developing need to comprehend the interactions between the film structure, water atoms, and different 

constituents utilized for edible film making. Starch, as perhaps the most significant and abundant polysaccharides in 

nature, has been the subject of various researches. It is generally utilized in industry to give functional properties, for 

example, gelling, thickening, bonding, and adhesiveness [6]. Starch is a high molecular weight (Mw) polymer of a 

hydro-glucose unit connected by a-glycosidic bonds. Starch atoms contain linear amylose and branched amylopectin. 

Amylose has a lower Mw, amylopectin has a higher Mw of 50–500 million [7]. However, the semi crystalline (20% 

to 45%) nature of native starch results in some undesirable drawbacks, such as its hydrophilic character, poor 

solubility, poor mechanical properties, uncontrollable paste consistency, and low freeze-thaw stability during film 

formation [8]. To survive these defects, and to change the starch film attributes, different change procedures can be 

utilized: physical, chemical, enzymatic, hereditary, and expansion of added substances or a blend of treatments. These 

would improve starch properties by modifying starch molecular structure. The addition of plasticizers is important to 

improve film adaptability. Glycerol is quite possibly the most mainstream plasticizer utilized in film-production 

procedures, due to its solidness and similarity with hydrophilic bio-polymeric packaging chains [9]. Although 

numerous essential oils are classified Generally Recognized as Safe (GRAS), high convergences of essential oils are 

for the most part expected to accomplish the viable antimicrobial activity indirect food applications, and accordingly, 

these focuses may surpass organoleptically satisfactory levels [10]. Specifically, the addition of these oils permits 

enhancements in food safety and shelf life by decreasing the development of pathogenic microorganisms. Citrus 

essential oil is currently the most common value-added product extracted from the citrus juice processing waste. This 

essential oil is mostly found in the citrus peel and flavedo and can be obtained using different extraction techniques. 

The essential oil of orange peel has antimicrobial properties against bacteria and fungi in both vapor and liquid states. 

Antimicrobial films and coatings for food packaging applications have been created by incorporating this oil into 

different polymer matrices [11]. 

Abstract 
The orange essential oil contains wealthy antioxidant properties which 

are utilized in expanding the edible packaging material’s usefulness. 

The primary objective of this study is to develop and characterize a 

novel biofilm using potato starch for food packaging incorporated with 

orange essential oil (0.4-1.2% v/v) that was added to potato starch (8-

10% w/v) at different concentrations to prepare the film. The films were 

examined for physical and chemical properties in order to optimise the 

film concentration. The studies show that the thickness of the EF 

(Edible film) is between 200-270μm and the Water dissolvability of the 

films differed from 32.14 to 47.50% and it was essentially impacted by 

the convergence of glycerol. An increase in the concentration of starch 

and glycerol had decreased the tensile strength (8.8 – 2.4Mpa) and 

increased the water vapor permeability.  

Keywords: Edible film, Potato starch, 

Response surface methodology, 

Antioxidant  

*Correspondence 

Author: Ch. Jemima 

Email: jemimachavali3@gmail.com 



Chemical Science Review and Letters  ISSN 2278-6783 

DOI:10.37273/chesci.cs205205356     Chem Sci Rev Lett 2021, 10 (39), 350-358         Article cs205205356 351 

Materials and Methods 
Materials  

Potatoes (Solanum tuberosum L) were purchased from Kwality big bazaar (Bengaluru, India). Glycerol (purity 

99.97%, thickness 1.26 g/cm3) was procured from Merck life science private limited (Mumbai, Maharashtra), the 

orange essential oil was purchased from Natural aroma world (Bengaluru, India) and glycolic acid of analytical grade 

was procured from NICE chemicals private limited (Kochi, Kerala). 

Isolation of Starch 

Potatoes were purchased from Kwality Big Bazaar (Bengaluru, India). In that one kg of potatoes were washed 

completely stripped and ground for the extraction of starch. Then distilled water was added to the ground potato and 

the extraction process was carried out using a centrifuge at a speed of 5000 rpm for 5 min. The centrifuged samples 

were separated utilizing Whatman no. 1 filter paper and the supernatant neglected to get wet starch. The wet starch 

was dried at room temperature for 5 h, the solid starch was squashed into a fine powder utilizing pestle and mortar 

and stored in a glass container for additional utilization. 

Preparation of edible film containing orange essential oil  

Potato starch (8% w/v) was suspended in 100 ml of distilled water and mixed for 5 minutes at room temperature (25-

280C). The dispersion was warmed at 850C in a water bath, for 30 minutes to prompt starch gelatinization and cooled 

down to room temperature [12, 13]. Glycerol (3% v/v) was added into the above dispersion as a plasticizer. The blend 

was moved to a water bath and heated at 90◦C for 15 minutes. This combination was cooled down to room 

temperature (25-280C). Orange essential oil (0.4% v/v) was added at the required extent and mixed for 2 to 3 mins to 

get a uniform dispersion [14]. These film-forming solution (20±1.5 ml) was poured into the borosil petri plates (7 cm 

dia) and put in a hot air oven at 700C for 3-4.5 hours. After complete drying of these films, they were removed from 

the Petri plates utilizing scalpel and forceps. Prepared film samples were packed in HDPE polythene sheets and put 

away in a fridge at 40C utilizing a hermetically sealed container to forestall dampness ingestion. A Box-Behnken 

statistical tool (rotatable or almost rotatable three factorial plan) under response surface methodology was used to 

decide the impact of three independent factors, at three levels each, in film properties. The total design comprising 

of 13 formulation combination and is presented in the Table 1. Prepared edible film samples are presented in the 

Figure 1.  

Table 1 Total design comprising 13 analyses 

Sl. 

No. 

Starch 

(W/V) 

Glycerol 

(V/V) 

Orange essential  

oil (V/V) 

Coded value 

1 8% 3% 0.4% 08X3Y0.4Z 

2 8% 2% 0.8% 08X2Y0.8Z 

3 8% 4% 0.8% 08X4Y0.8Z 

4 8% 3% 1.2% 08X3Y1.2Z 

5 9% 2% 0.4% 09X2Y0.4Z 

6 9% 2% 1.2% 09X2Y1.2Z 

7 9% 3% 0.8% 09X3Y0.8Z 

8 9% 4% 0.4% 09X4Y0.4Z 

9 9% 4% 1.2% 09X4Y1.2Z 

10 10% 3% 0.4% 10X3Y0.4Z 

11 10% 2% 0.8% 10X2Y0.8Z 

12 10% 4% 0.8% 10X4Y0.8Z 

13 10% 3% 1.2% 10X3Y1.2Z 

Film Thickness  

The thickness of each composite film was measured by a thickness gauge, and 10 points were uniformly taken from 

the centre of the film and the average value was taken as the thickness value t of the composite film.  
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Figure 1 Prepared edible films 

Water vapor permeability (WVP) 

Permeation cells which are loaded with a lot of anhydrous silica gel (RH = 10%) provided with an air gap of under 6 

mm, were fixed by the readied film utilizing parafilm. At that point, the penetration cells were set into desiccators 

with a consistent RH (52%) and temperature (30°C). Starting weight and weight of the film for each 2 h for 24 h were 

estimated. The changes in their weight were recorded and plotted against time [15]. Water vapor permeability was 

determined by the equation.  

WVT= = A         (1) 

Where WVT is the water vapor transmission (g/h·m2), G is the weight acquire (g), t is the time (h) and A is the test 

territory (penetration cell mouth territory m2) 

Water and acid solubility 

The solubility of edible film in water was determined by the modified technique proposed by Gontard [16]. A two-

centimetre diameter sample was cut from the edible film and the initial weight of the sample was weighed after drying 

the sample for 4 hours in an air circulation oven at 105 ◦C. At that point, samples were soaked in 100 mL of distilled 

water mixed gently and kept undisturbed for 24 h. The swollen samples were then removed and dried at 105 ◦C for 4 

hours and the final dry weight was noted down. The solubility of the films was determined by utilizing the equation.  

Solubility =  

W1- Initial dried load of the film, W2- Final dried weight of the film. 

Acid solubility of the sample was determined after the same procedure depicted above yet the film was 

submerged in a measuring glass containing hydrochloric acid (1 M) for 24 h, and then dried and weighed to determine 

the final dry weight [17]. 

FRAP (Ferric Reducing Antioxidant Power) Radical Scavenging Assay 

A FRAP was carried out according to previous research with slight modification [18]. 

One gm of film sample was immersed in 20 mL methanol (80%) to get the extract. Consequently, 0.2 mL of film 

extract was added to the 1.8 ml FRAP reagent. It was then mixed thoroughly and was incubated in a dark room at 

normal room temperature for 30 min. The absorbance was measured at 593 nm and PC- Based Double Beam 

spectrophotometer 2201 was used for absorbance measurement is shown in the Figure 2. The antioxidant capacity 

(mg AEAC/100g) was measured using the following equation: 
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Antioxidant capacity=(b)lightness X Total volume X 100/Assay volume X Weight of sample(g) X 1000 

 
Figure 2 PC- Based Double Beam Spectrophotometer- 2201 

Tensile strength (TS) 

The rigidity of the film was determined by a Universal testing machine (Stable Micro Systems-Texture analyzer 

instrument) and as per the procedure recommended [19]. The machine utilized for the estimation was kept up at a 

constant rate of transverse of a grip head and is shown in the Figure 3. Edible film samples were cut as strips of 

appropriate size (15 mm width x 50 mm length) and one end of the strip was firmly grasped in the upper clasp and the 

opposite end in the lower cinch after changing the arrangement as straight as possible in the machine. The machine 

was turned on at a pre-adjusting speed of 500 (mm/min). The load range utilized was such that the maximum load of 

the test pieces fell between 15 – 85 percent of the full-scale reading. The result of every individual strip was recorded 

and the tensile strength was calculated and expressed as MPa from the original area of the cross-section.  

  
Figure 3 Stable Micro Systems-Texture analyser 

Statistical Analysis 

The box-Behnken technique under response surface methodology was utilized to determine the interaction of 

independent variables on dependent parameters. Design Expert Version 6.0.8.1 Programming was utilized for 

analysing the data related to edible film, for statistical significance. All preparations were carried out in 13 variations. 
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Results and Discussion  
Thickness  

The impact of the addition of glycerol, sucrose, and orange essential oil on the thickness of the edible film is 

presented in Figure 4. It was seen that film thickness increased significantly (P<0.05) with the addition of starch and 

glycerol concentration. This might be because of the increase in the overall mass of the material, which thus might 

have increased the thickness of the film. The incorporation of orange essential oil diminished the film thickness, yet 

the impact was most certainly not huge (P<0.05). The incorporation of OEO increased the thickness of the films and 

Luis also reported an increase in film thickness with the addition of Liquorice essential oil (Glycyrrhiza glabra L.) 

and ascribed this behaviour to the entrapment of essential oil micro droplets into the polymeric matrix, subsequently 

increasing the compactness of the starch matrix structure [20]. 

 
Figure 4 The thickness of the film at different concentrations of starch, glycerol, and orange essential oil. 

Water vapor permeability 

The impact of the addition of glycerol, sucrose, and orange essential oil on the water vapor permeability of the edible 

film is presented in Figure 5. The water vapor permeability (WVP) of films is a very important factor for estimating 

product shelf-life, as a result of water could transfer from the internal or external environment through the 

film, leading to the deterioration of product quality and shelf-life [21]. In this study, an increase in the concentration 

of starch and glycerol might have increased the affinity of the film towards the water, thereby permitting the moisture 

migration once the orange essential oil was incorporated into the film, it might have increased the heterogeneity of the 

film which in turn could have raised the WVP. The water permeability increased significantly with an increase in 

glycerol and starch concentration. 

WVP is proportional to the concentration of plasticizer, this behaviour has already been reported in cassava starch 

film [22], cassia gum [23], and rice starch films [24], which might be because of increase in plasticizer concentration, 

that influence on three-dimensional molecular organization of the polymer. These organizations consequently change, 

the intermolecular attractive forces and increases the free volume of the system, consequently the network becomes 

less dense, allowing water permeation through the structure [25]. 

Water solubility (WS) 

Water solubility is one of the important properties of biodegradable packing film using starch and glycerol. Packaging 

film requires water resistance for packaging material. The water solubility of the films at different concentrations of 

glycerol starch and OEO is presented in Figure 6. The WS values of potato starch films with different levels of 

glycerol ranged from 34.31 to 51.54%). The films with OEO, regardless of OEO concentration, showed higher 

solubility than the films without OEO. Overall, the solubility of films depends on the type and concentration of the 

compounds as well their hydrophilicity and hydrophobicity indices. The film solubility increased with an increase in 

starch concentration but the effect was not significant. It might be due to the lesser concentration of starch content. 

Glycerol had a significant (P<0.05) effect on increasing the film solubility [26]. Adding glycerol to starch films 

enhanced their water solubility in all concentrations, according to the findings by farhanky [27]. Generally, 

plasticizers increase the hydrophilic nature of the film which in turn might have increased the film solubility. An 

increase in glycerol concentration from 2-4% increases the water solubility. 
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Figure 5 Water vapor transmission rate of the film at different concentrations of starch, glycerol, and orange essential 

oil 

 
Figure 6 Water solubility of the films with different concentrations at glycerol, starch, and orange essential oil 

Total Antioxidant 

The impact of the addition of glycerol, sucrose, and orange essential oil on the total antioxidant of the edible film is 

presented in Figure 7. Antioxidant activity of packaging films turned into studies through FRAP (Ferric Reducing 

Antioxidant Power) radical scavenging activity into potato starch edible films: 80% methanol simulant. The film 

confirmed the highest % inhibition in the 80% methanol. This result may be defined by the lack of affinity and 

solubility of edible films in water. The film additionally shows the highest percentage of inhibition in the 80% 

methanol. Lopez-de-Dicastillo even analysing the active antioxidant packaging films, additionally observed that 

orange essential oil became notably soluble in methanol and had been released to an excellent quantity in 80% 

methanol [28]. However, with the increase in the concentration of antioxidants (orange essential oil), % inhibition 

will increase on these solvents [29]. Films having higher antioxidant activity when the orange essential oil is 

incorporated. This is probably viable due to the fact that the film incorporates greater phenolic contents which can be 

accountable for the better FRAP radical scavenging activity [30]. 
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Figure 7 Total Antioxidant of the films with different concentrations at glycerol, starch, and orange essential oil 

Tensile strength 

The impact of the addition of glycerol, sucrose, and orange essential oil on the tensile strength of the edible film is 

presented in Figure 8. A texture profile analyzer was used to prepare the plasticized films and measure their tensile 

strength. Tensile Intensity can be calculated exactly with this analyzer in conjunction with ASTM D882 [31]. The 

effect of plasticizers weakens the intermolecular forces between adjacent macromolecule chains, raising the free 

volume and causing a reduction in mechanical resistance [32]. As a result of the decline in intermolecular 

interactions, raising the plasticizer concentration lowers the tensile strength TS [33]. Increased gelatin and starch 

concentrations resulted in increased elongation at break and tensile strength of the bioplastics. A study on 

biodegradable blends of poly(caprolactone) with native and modified corn starches found an increase in tensile 

strength with increasing starch concentration [34]. As a result, the films prepared with less glycerol had higher tensile 

strength than those prepared with more glycerol [35]. The highest TS of the film might be due to the hydrogen bond 

formation between glycerol and starch molecules which strengthened the film network. 

 
Figure 8 Tensile strength of the films with different concentrations at glycerol, starch, and orange essential oil 

Optimization of edible coating solution formulation was conducted using the Box Behnken statistical tool. 

Optimum response in orange essential oil film formulation for each dependent did not fall in the same region. Hence 

the numerical optimization by the Box Behnken method was utilized to get the optimal solution. It gives the edible 
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coating formulation with higher desirability consists of 9% starch, 3% glycerol, and 0.88% orange essential oil. The 

predicted dependent variables for optimized formulations consist of Thickness (millimeter) - 0.23mm, Tensile 

strength - 4.7 Mpa, Water solubility -45.03%, and lower permeability of 0.03 g/h·m2 

To verify the reliability of the response surface methodology experiment was conducted with optimized 

parameters such as 9% starch, 3% glycerol, and 0.88% orange essential oil. After three replications the mean value of 

tensile strength was found to be 4.56 Mpa. It confirmed the good correlation between the obtained tensile strength 

value and predicted tensile strength value.  

Conclusion  

Our results showed the potential of developing potato starch-based films reported with orange essential oil. Orange 

essential oil is rich in antioxidant properties and became utilized in increasing the edible films (EFs) functionality. 

Potato starch films have been made from potato starch formulated with glycerol as plasticizer through casting method, 

in the course of which the granular and crystalline shape of starch became normally obliterated through heat and shear 

stress under the help of glycerol, so flexible films have been formed. Such films have been smooth to deal with and 

that they have been not sticky. The addition of plasticizers became vital to increase film properties, especially the 

mechanical ones. In the existing study, the physical properties of the potato starch-based EFs prepared with different 

concentrations of glycerol, potato starch, and orange essential oil have been analysed. The water-resistance and 

mechanical properties of the edible films have been progressed with the addition of starch. This examination proved 

that the orange essential and glycerol performed a vital function in the physical and mechanical properties of potato 

starch films. Such active packaging with edible films may be used for numerous food products, particularly low to 

intermediate moisture foods, in which the active transport of the orange essential oil can help to enhance the quality. 

The edible coating formulation is optimized by analysing the physical properties of the film. Optimized edible film 

formulation contains 9% starch, 3% glycerol, and 0.88 % orange essential oil. Films with orange essentials can be 

successfully used for edible film/packaging of fruits because films have desirable physical properties for packaging 

and also increases the antioxidant value of the film. Which in turn amplifies the shelf life of fruits due to the 

antioxidant property of orange essential oil. Further studies can be carried out on finding out the antimicrobial 

properties of the film.  

References 

[1] N. Kaisangsri, O. Kerdchoechuen, N. Laohakunjit. Characterization of cassava starch based foam blended with 

plant proteins, kraft fiber, and palm oil. Carbohydrate polymers, 2014, 110: 70-77.   

[2] A. Gennadios, J. Rhim, A. Handa, C. Weller, M. Hanna. Ultraviolet radiation affects physical and molecular 

properties of soy protein films. Journal of food science, 1998, 63(2): 225-228. 

[3] J.J. Kester, O. Fennema. Edible films and coatings: a review. Food technology (USA), 1986.  

[4] J.H. Han. Edible films and coatings: a review. Innovations in food packaging, 2014, 213-255. 

[5] J.J. Kester, O. Fennema. Edible films and coatings: a review. Food technology (USA), 1986. 

[6] M.O. Soares, R.C. Alves, P.C. Pires, M.B.P. Oliveira, A.F. Vinha. Angolan Cymbopogon citratus used for 

therapeutic benefits: Nutritional composition and influence of solvents in phytochemicals content and 

antioxidant activity of leaf extracts. Food and chemical toxicology, 2013, 60: 413-418. 

[7] M. Maurer. Das paradox der medienwirkungsforschung. Publizistik, 2004, 49(4), 405-422. 

[8] U.Shah, F. Naqash, A. Gani, F. Masoodi. Art and science behind modified starch edible films and coatings: a 

review. Comprehensive Reviews in Food Science and Food Safety, 2016, 15(3): 568-580. 

[9] S. Chillo, S. Flores, M. Mastromatteo, A. Conte, L. Gerschenson, M. Del Nobile. Influence of glycerol and 

chitosan on tapioca starch-based edible film properties. Journal of Food Engineering, 2008, 88(2): 159-168.  

[10] M. Viuda‐Martos, Y. Ruiz‐Navajas, J. Fernández‐López, J.A. Pérez‐Álvarez. Antibacterial activity of different 

essential oils obtained from spices widely used in Mediterranean diet. International journal of food science & 

technology, 2008, 43(3): 526-531. 

[11] S. McKay, P. Sawant, J. Fehlberg, E. Almenar. Antimicrobial activity of orange juice processing waste in 

powder form and its suitability to produce antimicrobial packaging. Waste Management, 2021, 120: 230-239. 

[12] O. Moreno, C. Pastor, J. Muller, L. Atarés, C. González, A. Chiralt. Physical and bioactive properties of corn 

starch–Buttermilk edible films. Journal of food engineering, 2014, 141: 27-36. 

[13] K. N. Hanumantharaju, K. Thangavel, D. Amirtham, C.I. Rani. Physical and antimicrobial properties of Cissus 

quadrangularis stem extract incorporated edible films. Indian Journal of Ecology, 2020, 47(2): 497-501. 

[14] P. Veiga-Santos, L. Oliveira, M. Cereda, A. Scamparini. Sucrose and inverted sugar as plasticizer. Effect on 

cassava starch–gelatin film mechanical properties, hydrophilicity and water activity. Food Chemistry, 2007, 



Chemical Science Review and Letters  ISSN 2278-6783 

DOI:10.37273/chesci.cs205205356     Chem Sci Rev Lett 2021, 10 (39), 350-358         Article cs205205356 358 

103(2): 255-262. 

[15] K. N. Hanumantharaju, K. Thangavel, D. Amirtham, K. Rajamani. Physical properties and optimization of bio 

film prepared with corn starch and Justicia adhatoda leaf extract. Medicinal Plants-International Journal of 

Phytomedicines and Related Industries, 2019, 11(3): 313-320. 

[16] N. Gontard, S. Guilbert, J.L. CUQ. Edible wheat gluten films: influence of the main process variables on film 

properties using response surface methodology. Journal of food science, 1992, 57(1): 190-195. 

[17] N. Gontard, S. Guilbert. Edible and/or biodegradable wheat gluten films and coatings Plant Proteins from 

European Crops, Springer, 1998, 324-328.  

[18] Dasgupta, S. U. M. I. T. A, M. Pandya, Patel, N. I. R. A. L. I. Antioxidant activities of some less utilized edible 

fruits. Int. J. Curr. Pharm. Res., 2017, 9(5): 28-31.  

[19] I. Mandala, E. Palogou, A. Kostaropoulo. Influence of preparation and storage conditions on texture of 

xanthan–starch mixtures. Journal of Food Engineering, 2002, 53(1): 27-38.   

[20] A. Luís, L. Pereira, F. Domingues, A. Ramos. Development of a carboxymethyl xylan film containing licorice 

essential oil with antioxidant properties to inhibit the growth of foodborne pathogens. Lwt, 2019, 111: 218-225.  

[21] S. R. Kanatt, M. Rao, S. Chawla, A. Sharma. Active chitosan–polyvinyl alcohol films with natural extracts. 

Food hydrocolloids, 2012, 29(2): 290-297.  

[22] C.M. Müller, F. Yamashita, J.B. Laurindo. Evaluation of the effects of glycerol and sorbitol concentration and 

water activity on the water barrier properties of cassava starch films through a solubility approach. 

Carbohydrate Polymers, 2008, 72(1): 82-87.  

[23] L. Cao, W. Liu, L. Wang. Developing a green and edible film from Cassia gum: The effects of glycerol and 

sorbitol. Journal of Cleaner Production, 2018,175: 276-282  

[24] A.B. Dias, C.M. Müller, F.D. Larotonda, J.B. Laurindo. Biodegradable films based on rice starch and rice 

flour. Journal of cereal science, 2010, 51(2): 213-219.  

[25] R. Sothornvit, D.J. Krochta, Plasticizer effect on oxygen permeability of β-lactoglobulin films. Journal of 

Agricultural and Food Chemistry, 2000, 48(12): 6298-6302. 

[26] G. Kavoosi, S.M.M. Dadfar, A. Mohammadi Purfard, R. Mehrabi. Antioxidant and antibacterial properties of 

gelatin films incorporated with carvacrol. Journal of Food Safety, 2013, 33(4): 423-432.  

[27] A. Farahnaky, B. Saberi, M. Majzoobi. Effect of glycerol on physical and mechanical properties of wheat 

starch edible films. Journal of Texture Studies, 2013, 44(3): 176-186. 

[28] C. López-de-Dicastillo, J. Gómez-Estaca, R. Catalá, R. Gavara, P. Hernández-Muñoz. Active antioxidant 

packaging films: Development and effect on lipid stability of brined sardines. Food Chemistry, 2012, 131(4): 

1376-1384. 

[29] U. Nisa, B.A. Ashwar, A. Shah, A. Gani, F.A. Masoodi. Development of potato starch based active packaging 

films loaded with antioxidants and its effect on shelf life of beef. Journal of Food Science and Technology, 

2015, 52(11): 7245-7253  

[30] S. Chillo, S. Flores, M. Mastromatteo, A. Conte, L. Gerschenson, M.Del Nobile. Influence of glycerol and 

chitosan on tapioca starch-based edible film properties. Journal of Food Engineering, 2008, 88(2): 159-168. 

[31] R. Sothornvit, D.J Krochta. Plasticizer effect on oxygen permeability of β-lactoglobulin films. Journal of 

Agricultural and Food Chemistry, 2000, 48(12): 6298-6302. 

[32] L. Cao, W. Liu, L. Wang. Developing a green and edible film from Cassia gum: The effects of glycerol and 

sorbitol. Journal of Cleaner Production, 2018, 175: 276-282  

[33] G.F. Nogueira, F.M. Fakhouri, R.A. de Oliveira. Extraction and characterization of arrowroot (Maranta 

arundinaceae L.) starch and its application in edible films. Carbohydrate Polymers, 2018, 186: 64-72. 

[34] F.M. Fakhouri, S.M. Martelli, L.C. Bertan, F. Yamashita, L.H.I. Mei, F.P.C. Queiroz. Edible films made from 

blends of manioc starch and gelatin–Influence of different types of plasticizer and different levels of 

macromolecules on their properties. LWT, 2018, 49(1): 149-154. 

[35] A. Farahnaky, B. Saberi, M. Majzoobi. Effect of glycerol on physical and mechanical properties of wheat 

starch edible films. Journal of Texture Studies, 2013, 44(3): 176-186. 
flavor. 

© 2021, by the Authors. The articles published from this journal are distributed 

to the public under “Creative Commons Attribution License” (http://creative 

commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original 

work, all the articles can be used without any restriction or can be distributed in 

any medium in any form.  

       Publication History 

Received 13.07.2021 

Revised 07.08.2021 

Accepted 28.08.2021 

Online 28.08.2021 

 

 


