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ABSTRACT: The development in the use of biomolecules capable of changing the food shelf life may facilitate to 

reduce the food waste challenge. Cassava starch/bovine gelatin/zinc oxide nanorod (n-ZnO) active bionanocomposite 

films were fabricated by incorporating saffron anthocyanin (SA) using a solvent casting technique. Their 

physicochemical properties such as, antioxidant, total phenolic content (TPC), thickness, and antibacterial activity, 

were investigated. Incorporating SA significantly (P<0.05) increased the film thickness from 0.06 mm to 0.14 mm. 

The introduction of the 2.5% SA into the biofilms also increased their antioxidant properties (DPPH radical 

scavenging) by more than 5 times. TPC of the cassava/gelatin films was improved by increasing the SA contents. 

Starch/gelatin/n-ZnO/SA films represented excellent antimicrobial behavior against S. aureus and E. coli. These 

characteristics suggest that saffron anthocyanin has good potential as a biofiller in composite films based on cassava 

starch/bovine gelatin/n-ZnO for active films in the food and pharmaceutical sciences. 

 

                         INTRODUCTION 

To date, synthetic plastics have been commonly used in 

packaging because of their inexpensive manufacturing 

costs and strong mechanical properties[1]. Petrochemical 

plastics employed in different industries have 

environmental issues due to the fact they are based on 

synthetic polymers, are non-degradable, generate 

greenhouse gases, and present global concern [2]. Hence, 

it is important to fabricate novel biopackaging that is 

“green” and renewable with the same properties as 

petrochemical packaging[3]. 

In the category of polysaccharides, starch is the cheapest 

polysaccharide. Starch constitutes 60% of the 

composition of cereal grains. The ratio of amylose to 

amylopectin depends on the age of the starch, typically 

comprising 20%-25% amylose and 75%-80% 

amylopectin[4]. The biodegradability and recyclability of 

starch make it highly suitable for packaging [5]. As 

mentioned, starch is composed of amylose and a high 

amount of amylopectin, which has weak mechanical and 

physical properties. The phenomenon of recrystallization 
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results in harder films with less stretchability. The 

addition of other polymers to the starch matrix with 

organic and inorganic fillers improves the mechanical 

and physicochemical properties of starch films [6]. 

The advances in nanotechnology have led to the 

development of materials with new properties used as 

antimicrobial agents. Studies have shown that 

nanoparticles such as titanium, silver, chromium, and 

zinc and their oxides have high antibacterial properties, 

good mechanical characteristics, and hydrophobic 

behavior[7-9]. 

In the last two decades, antimicrobial packaging has 

attracted significant attention [10]. Edible coatings have 

been considered to delay or prevent the growth of 

microorganisms in many foods [11]. Antimicrobial 

packaging made from bionanocomposites represents a 

new generation of packaging with a nanostructure, 

produced by combining metal nanoparticles with 

biopolymers [12]. In active packaging, the release of 

antimicrobial agents from the polymer matrix to the food 

surface occurs slowly, maintaining a high concentration 

of the antimicrobial agent on the product surface [13]. 

Anthocyanin pigment has different physiological fine 

effects, including antioxidant, anticancer, anti-

inflammatory, neuroprotective capabilities, and 

antibacterial [14]. 

Saffron (Crocus Sativus L.), commonly cultivated in Iran 

and devoted about 90% of saffron production worldwide, 

has violet-colored flowers with anthocyanin pigments as 

the major colorant [15]. The saffron petals composed a 

bold portion of the dry weight of plant, proposing that 

these may be valuable by product and a source of 

anthocyanin pigments [16]. The principal antioxidant 

chemicals in petals, such as flavonoids, anthocyanins, 

and flavonols, are responsible for these functional 

qualities [17]. Various saffron compounds contain 

kaempferol, helichrysosid, astragalin, kaempferol-3- 

glycopyranosyl (1-2)-6 acetylglucopyranoside, miricetin, 

kaempferol-3-glucopyranosyl(1-2)-glucopyranoside, 

quercetin, petunidin, and delphinidin [15].  

Recently, films based on biopolymers have been 

reinforced with saffron extract rich in anthocyanin 

colorants to develop an active film. Tо the best оf оur 

knоwledge, there is nо scientific paper on total phenolic 

content, antioxidant properties, and antibacterial activity 

of film with n-ZnO/saffron anthocyanin, so the current 

study purposed to assay saffron anthocyanin effects on 

functional characteristics of the biocompatible film. 

MATERIALS AND METHODS 

Materials 

Ethanol, bovine gelatin, plasticizer including sorbitol and 

glycerol, Folin-Ciocalteu, and cassava starch were 

obtained from Sigma-Aldrich, USA. Nanoparticle-ZnO 

was obtained from Nano Pooyeshyekta, Iran. Saffron 

petals were provided from Mashhad, Iran. Also, Mueller 

Hinton agar, 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 

Na2CO3 were purchased from Merck Germany.  

Saffron anthocyanin extract   

Petals of saffron were dried at 25°C after the stigma was 

separated, and then dried saffron was sieved and stored in 

a dark condition at 4ºC. The anthocyanin pigment 

extraction was conducted using the method stated by 

Khazaei, et al. [18]. Powdered petals were mixed with 

ethanol: citric acid-acidified water (25:75 v/v), at a ratio 

of 20:1 (w/v), for 1day before being centrifuged for 15 

min at 5000 g to separate any remaining solids. After 

that, the solvent was removed from the anthocyanin 

extract using a rotary evaporator (Heidolph Hei-VAP, 

GER), and the final filtrate was stored in a dark container 

at 4°C.  

Film fabrication 

To produce the active film, 0.5% n-ZnO (based on 

cassava powder w/w%) was combined with 100 mL of 

deionized water. The solution was stirred for 4 h. The 

deionized water samples with n-ZnO were exposed to 

ultrasound wavelength. Exactly 4 g of cassava powder, 

0.4 g of gelatin powder [19], and sorbitol/glycerol (1.6 g) 

[20] were added to the final suspension. All the nano-

suspensions were heated at 87°C for 40 min. During the 

cooling term, different levels of SA (2.5%, 5%, and 10% 

v/v) were employed in the biofilm solution. Finally, pure 

suspensions and solutions containing SA were decanted 

into casting plates and dried at 25C to make 

biodegradable films.  

https://fa.wikipedia.org/wiki/%D8%A7%D9%8F_(%D8%B3%DB%8C%D8%B1%DB%8C%D9%84%DB%8C%DA%A9)
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Antioxidant activity and thickness 

The antioxidant activity of active films incorporated with 

various amounts of SA was evaluated by DPPH (1,1-

diphenyl- 2-picrylhydrazyl) free radical measurement 

[21]. The samples (50 mg) were combined with the 

DPPH radical (0.1 mM) in 90% ethanol (10 mL). The 

color changes were assayed at 517 nm after 30 min of 

reaction in dark conditions. The pure solution was 

fabricated by combining ethanol (1mL) and DPPH 

radical. The %DPPH scavenging activity from the 

biocompatible films was computed using the following 

equation  

DPPH%=((Absc-Abst)/Absc)100 

Where the Abst is the absorbance of the biofilm sample 

and Absc is the absorbance of the pure sample. 

To assay thickness, five various places of active films 

using a micrometer were measured the data average was 

reported as the thickness of the film.  

Total phenolic content (TPC) 

TPC of edible films was evaluated according to the 

Folin-Ciocalteu technique, as stated by Jridi, et al. [22], 

with slight modification. About 2 mL of 10%Folin-

Ciocalteu reagent was combined with 0.5 mL of biofilm 

extract or SA in the dark room for 5 min. After that, 2.5 

mL of Na2CO3 solution (7.5 %w/v) was incorporated into 

the solution and stored at 25 °C in the dark. At last, the 

absorbance of the specimens was measured at 765 nm. A 

calibration curve ranging from 0 to 100 μg/mL was 

established utilizing gallic acid as the standard reference. 

Antibacterial activity  

An antimicrobial behavior experiment on the biofilms 

was performed using the agar diffusion technique based 

on Maizura, et al. [23].  Plates containing Mueller Hinton 

agar (MHA) were seeded with inoculums (1 mL) 

containing about 105–106 CFU/mL of S. aureus and E. 

coli.  Biofilm disks were put on the plates and incubated 

for 24 h at 37°C. Finally, the plates were evaluated for 

the “inhibition zone” of the biofilm discs. Antimicrobial 

impacts of the biocompatible films were measured by 

calculating zone of inhibition against E. coli and S. 

aureus. The inhibition zone is evaluated as follows: 

Inhibition zone= Aw-Ad 

where the Aw is the whole zone area of the biofilm 

sample and Ad is the area of the film disk  

Statistical analysis 

Antioxidant activity, thickness, total phenolic content, 

and antibacterial activity were performed with 5 

replicates. Statistical analysis was carried out using SPSS 

software (version 27.0.1) and ANOVA test.  To assay the 

significаnt difference among the averages, Tukey's test 

technique was applied (p < 0.05). 

RESULTS AND DISCUSSION 

Antioxidant activity and thickness  

The antioxidant properties of film materials play an 

important role in food quality, as lipid oxidation can 

result in discoloration, nutrient loss, and off-flavors[24].  

The antioxidant activity and film's thickness are 

represented in Figure 1 a, and b, respectively. 

Antioxidant activity and thickness of film with 10% SA 

and film without extract were 56.03%, 4.84%, 0.14 mm, 

and 0.06 mm, respectively. Also, both antioxidant 

activity and thickness increased as the level of SA 

employed in the biocompatible film increased. The 

increase in antioxidant activity may be attributed to the 

radical-scavenging activity of the hydroxyl groups of the 

phenolic compound on the anthocyanin pigment [25].  

 Ekrami, et al. [17] observed an increase in the 

antioxidant activity of salep mucilage from 0% to 

42.62% after the addition of 10% SA. Another study also 

revealed that the incorporation of SA could notably 

increase the antioxidant properties of chitosan/pullulan 

films [26]. 

The thickness of the biofilm can notably affect 

mechanical behavior, transparency, and oxygen and 

water vapor permeability of films [27]. 

Another work demonstrated that the increase in thickness 

based on corn starch with saffron extract was related to 

the biofiller embedded [28]. The different authors 

revealed that the thickness increase in the biocompatible 
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films with higher filler concentration based on the extract 

was due to the high level of solid content [29, 30]. No 

change in the thickness based on konjac glucomannan 

with 1-4% saffron petal extract was shown in the study of 

Hashemi and Jafarpour [31]. These data are probably 

related to the low level of filler in films. 

 

 

Figure 1. Antioxidant activity (a) and thickness (b) of neat and SA films 

The bars reveal average ± standard deviation (SD). 

Different letters on the bars display the significant 

difference (p0.05). 

Total phenolic content 

Phenolic compounds exhibit different biological 

activities, such as antibacterial and antioxidant effects 

[32]. Incorporating plant extracts containing phenolic 

compounds in biocompatible films contributes to the 

improvement of shelf life and prevents food spoilage[2].  

The TPC of pure and films containing SA are indicated 

in Figure 2. The addition of SA has increased the TPC 

significantly (p < 0.05). Moreover, the TPC in film with 

10% SA is the highest compared to the control and 

treatment films. The TPC of the cassava/gelation/n-ZnO 

was 0, and the biofilms containing 10% SA were 160.42 

mgGAE/100g.  The TPC of biofilm with 2.5 and 5% SA 

illustrated significant (p<0.05) increase as the 

anthocyanin pigment was added to the biodegradable 
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film.  

Carbohydrates, flavonoids, alkaloids, bibenzyl 

derivatives, glycosides, terpenoids, and alkaloids have all 

been detected as major compounds in saffron petals. 

Phenolic, flavonoid compounds, and anthocyanin 

pigments are likely the active components of the petals of 

saffron [25]. Hence, when the SA content was increased 

from 0 to 10 v/v%, the TPC of the film developed.  

A similar result was demonstrated by Ekrami, et al. [17]. 

They stated that the TPC of the salep mucilage film with 

SA gradually increased from 7.57 mgGAE/100g in the 

pure film to 158.99 mgGAE/100g in the biocompatible 

film with extract.  

Similarly, Ebrahimi, et al. [33] reported that bovine 

gelatin-based films with purple basil leaf extract had a 

higher TPC than the neat sample film. According to these 

findings, they stated that the TPC of films was attributed 

to the level of SA added to the biofilms. 

.  

Figure 2. Total phenolic content of neat and SA films. 

The bars reveal average ± standard deviation (SD). 

Different letters on the bars display the significant 

difference (p0.05). 

Antibacterial activity 

Figure 3 displays the antibacterial activity of 

cassava/bovine/n-ZnO biodegradable film embedded 

with different levels of SA. The findings revealed 

significant increase (p<0.05) in the antibacterial activity 

of the biocompatible films with the development SA 

content in the bionanocomposite film structure. The 

inhibition zone of neat film against E. coli and S. aureus 

was 14.26, and 12.35 mm2 and the value was changed to 

35.34 and 40.96 mm2, in film containing 10%SA, 

respectively.  

The antimicrobial behavior of n-ZnO can be related to 

several mechanisms, such as the release of antibacterial 

ions [34]. Interaction of n-ZnO with E. coli and S. 

aureus, subsequently deteriorating the integrity of 

microorganism cell and the generation of ROS by the 

impact of light radiation [35]. In recently investigation 

reported that the antibacterial activity of n-ZnO may arise 

from the mechanical disruption of the bacterial cell 

membrane, which occurs due to the abrasive nature of the 

nanoparticles. This abrasiveness is attributed to surface 

imperfections, including corners and edges found on the 

ZnO nanoparticles[36]. 

Saffron anthocyanin extract seems to have antibacterial 

properties due to highly antibacterial compounds 

including, crocin and safranal [37]. The antimicrobial 

behavior of phenolic compounds, including anthocyanin 

pigments, has been suggested to be due to several 

mechanisms, such as their ability to develop cell 

membrane permeability, interfere with important 

metabolism pathways, and inhibit the absorption of vital 

compounds for cell growth [38]. 
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Consistent with the antibacterial properties of the current 

investigation, the fabrication of salep mucilage film with 

SA could improve antibacterial activity against E. coli 

and S. aureus [33]. Also, another investigation observed 

that methyl cellulose film with saffron petal anthocyanin 

improved the antibacterial effects of biofilms. The 

authors reported that the methyl cellulose films with 

saffron extract led to an increment of inhibition zone of 

biofilms against E. coli from 0 to 20.2 mm.  

 

 

 

 

Figure 3. Inhibition zone of neat and SA films(a) E. coli and (b) S. aureus 

The bars illustrate average ± standard deviation (SD). 

Different letters on the bars display the significant 

difference (p0.05). 

 

CONCLUSIONS 

The active film based on cassava starch/gelatin/nanorod-

zinc oxide containing saffron anthocyanin (SA) increased 

the thickness compared to the control biofilm. The active 
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film with 10% SA indicated the greatest TPC. Also, the 

introduction of 10% SA represents high antioxidant 

activity of films. Furthermore, the antibacterial activity 

was developed after the addition of SA. The cassava 

starch/bovine gelatin/n-ZnO biofilms containing SA with 

increased antioxidant activity and TPC, as well as 

improved antibacterial activity could be employed as 

active, film food packaging. 

ACKNOWLEDGEMENTS 

This research did not receive any specific grant from 

funding agencies in the public, commercial or not-

forprofit sectors. 

Conflict of interests 

The authors declare that there is no conflict of interest. 

REFERENCES 

1. Marvizadeh M.M., Oladzadabbasabadi N., 

Mohammadi Nafchi A., Jokar M., 2017. Preparation and 

characterization of bionanocomposite film based on 

tapioca starch/bovine gelatin/nanorod zinc oxide. 

International Journal of Biological Macromolecules. 99, 

1-7. 

2. Pedreiro S., Figueirinha A., Silva A. S., Ramos F., 

2021. Bioactive Edible Films and Coatings Based in 

Gums and Starch: Phenolic Enrichment and Foods 

Application. Coatings. 11 (11), 1393. 

3. Marvizadeh M.M., Nafchi A.M., Jokar M., 2018. 

Improved Physicochemical Properties of Tapioca Starch / 

Bovine Gelatin Biodegradable Films with Zinc Oxide 

Nanorod. Journal of Chemical Health Risks. 4 (4), 0-0. 

4. Li M., Daygon V.D., Solah V., Dhital S., 2023. Starch 

granule size: Does it matter? Critical Reviews in Food 

Science and Nutrition. 63(19), 3683-3703. 

5. Mauro R.R., Vela A.J., Ronda F., 2023. Impact of 

Starch Concentration on the Pasting and Rheological 

Properties of Gluten-Free Gels. Effects of Amylose 

Content and Thermal and Hydration Properties. Foods. 

12 (12), 2281. 

6. Moosavian V., Marvizadeh M.M., Nafchi A.M., 2017. 

Biodegradable Films Based on Cassava Starch/Mentha 

piperita Essence: Fabrication, Characterization and 

Properties. Journal of Chemical Health Risks. 7(3), 239-

245. 

7. Azizi-Lalabadi M., Ehsani A., Ghanbarzadeh B., 

Divband B., 2020. Polyvinyl alcohol/gelatin 

nanocomposite containing ZnO, TiO2 or ZnO/TiO2 

nanoparticles doped on 4A zeolite: Microbial and 

sensory qualities of packaged white shrimp during 

refrigeration. International Journal of Food 

Microbiology. 312, 108375. 

8. Marvizadeh M.M., Mohammadi Nafchi A., Jokar M., 

2014. Preparation and Characterization of Novel 

Bionanocomposite Based on Tapioca 

Starch/Gelatin/Nanorod-rich ZnO: Towards Finding 

Antimicrobial Coating for Nuts. Journal of Nuts. 05 (02), 

39-47. 

9. Xie Y., Pan Y., Cai P., 2022. Cellulose-based 

antimicrobial films incroporated with ZnO nanopillars on 

surface as biodegradable and antimicrobial packaging. 

Food Chemistry. 368, 130784. 

10. Fadiji T., Rashvand M., Daramola M. O., Iwarere S. 

A., 2023. A Review on Antimicrobial Packaging for 

Extending the Shelf Life of Food. Processes. 11(2), 590. 

11. Marvizadeh M.M., Tajik A., Moosavian V., 

Oladzadabbasabadi N., Nafchi A.M., 2021. Fabrication 

of Cassava Starch/Mentha piperita Essential Oil 

Biodegradable Film with Enhanced Antibacterial 

Properties. Journal of Chemical Health Risks. 1(11), 23-

29. 

12. Raghuvanshi S., Khan H., Saroha V., Sharma H., 

Gupta H. S., Kadam A., Dutt D., 2023. Recent advances 

in biomacromolecule-based nanocomposite films for 

intelligent food packaging- A review. International 

Journal of Biological Macromolecules. 253, 127420. 

13. Vasile C., Baican M., 2021. Progresses in Food 

Packaging, Food Quality, and Safety—Controlled-

Release Antioxidant and/or Antimicrobial Packaging. 

Molecules. 26(5), 1263. 

14. Ezati P., Khan A., Rhim J.W., Roy S., Hassan Z.U., 

2023. Saffron: Perspectives and Sustainability for Active 

and Intelligent Food Packaging Applications. Food and 

Bioprocess Technology. 16(6), 1177-1196. 

15. Bakshi R.A., Sodhi N.S., Wani I.A., Khan Z.S., 

Dhillon B., Gani A., 2022. Bioactive constituents of 

saffron plant: Extraction, encapsulation and their food 



T. Sadeghi et al/ Journal of Chemical Health Risks 15 (3) (2025) 555-563 

 

562 

 

and pharmaceutical applications. Applied Food Research. 

2 (1), 100076. 

16. Najafi Z., Kahn C.J.F., Bildik F., Arab-Tehrany E., 

Şahin-Yeşilçubuk N., 2021. Pullulan films loading 

saffron extract encapsulated in nanoliposomes; 

preparation and characterization. International Journal of 

Biological Macromolecules. 188, 62-71. 

17. Ekrami M., Roshani-Dehlaghi N., Ekrami A., 

Shakouri M., Emam-Djomeh Z., 2022. pH-Responsive 

Color Indicator of Saffron (Crocus sativus L.) 

Anthocyanin-Activated Salep Mucilage Edible Film for 

Real-Time Monitoring of Fish Fillet Freshness. 

Chemistry. 4 (4), 1360-1381. 

18. Khazaei K.M., Jafari S.M., Ghorbani M., Kakhki A. 

H., Sarfarazi M., 2016. Optimization of Anthocyanin 

Extraction from Saffron Petals with Response Surface 

Methodology. Food Analytical Methods. 9(7), 1993-

2001. 

19. Marvizadeh M., Mohammadi Nafchi A., Jokar M., 

2016. Obtaining and Characterization of 

Bionanocomposite Film Based on Tapioca Starch/Bovine 

Gelatin/Nanorod Zinc Oxide. Food structure and design: 

Antalya, Turkey. 

20. Abdorreza M.N., Cheng L.H., Karim A.A., 2011. 

Effects of plasticizers on thermal properties and heat 

sealability of sago starch films. Food Hydrocolloids. 

25(1), 56-60. 

21. Subramanian K., Balaraman D., Kaliyaperumal K., 

Devi Rajeswari V., Balakrishnan K., Ronald Ross P., 

Perumal E., Sampath Renuga P., Panangal M., 

Swarnalatha Y., Velmurugan S., 2022. [Retracted] 

Preparation of an Intelligent pH Film Based on 

Biodegradable Polymers for Monitoring the Food 

Quality and Reducing the Microbial Contaminants. 

Bioinorganic Chemistry and Applications. 2022(1), 

7975873. 

22. Jridi M., Boughriba S., Abdelhedi O., Nciri H., Nasri 

R., Kchaou H., Kaya M., Sebai H., Zouari N., Nasri M., 

2019. Investigation of physicochemical and antioxidant 

properties of gelatin edible film mixed with blood orange 

(Citrus sinensis) peel extract. Food Packaging and Shelf 

Life. 21, 100342. 

23. Maizura M., Fazilah A., Norziah M. H., Karim A.A., 

2007. Antibacterial Activity and Mechanical Properties 

of Partially Hydrolyzed Sago Starch–Alginate Edible 

Film Containing Lemongrass Oil. Journal of Food 

Science. 72 (6), C324-C330. 

24. Chavoshi N., Marvizadeh M. M., Fallah N., Rezaei-

savadkouhi N., Nafchi A.M., 2023. Application of Novel 

Nano-biopackaging Based on Cassava Starch/Bovine 

Gelatin / Titanium oxide nanoparticle/Fennel Essential 

Oil to Improve Quality of the Raw Fresh Pistachio. 

Journal of Nuts. 14(1), 19-31. 

25. Alizadeh-Sani M., Tavassoli M., McClements D.J., 

Hamishehkar H., 2021. Multifunctional halochromic 

packaging materials: Saffron petal anthocyanin loaded-

chitosan nanofiber/methyl cellulose matrices. Food 

Hydrocolloids. 111, 106237. 

26. Ezati P., Roy S., Rhim J.W., 2022. Effect of Saffron 

on the Functional Property of Edible Films for Active 

Packaging Applications. ACS Food Science & 

Technology. 2(8), 1318-1325. 

27. Fallah N., Marvizadeh M.M., Jahangiri R., 

Zeinalzadeh A., Nafchi A.M., 2023. High-Barrier and 

Light–protective Bionanocomposite Film Based on Rye 

Starch/nanorod-ZnO for Food Packaging Applications. 

Journal of Chemical Health Risks. 13(2), 299-304. 

28. Esmaeelian M., Jahani M., Feizy J., Einafshar S., 

2023. Physicochemical and Functional Characteristics of 

Saffron (Crocus sativus L.) Corm Starch: Gelling and 

Film-Forming Properties. Food Biophysics. 18(1), 82-94. 

29. Nadi M., Razavi S.M.A., Shahrampour D., 2023. 

Fabrication of green colorimetric smart packaging based 

on basil seed gum/chitosan/red cabbage anthocyanin for 

real-time monitoring of fish freshness. Food Science & 

Nutrition. 11(10), 6360-6375. 

30. Hosseini S.F., Rezaei M., Zandi M., Farahmandghavi 

F., 2015. Fabrication of bio-nanocomposite films based 

on fish gelatin reinforced with chitosan nanoparticles. 

Food Hydrocolloids. 44, 172-182. 

31. Hashemi S.M.B., Jafarpour D., 2020. The efficacy of 

edible film from Konjac glucomannan and saffron petal 

extract to improve shelf life of fresh-cut cucumber. Food 

Science & Nutrition. 8(7), 3128-3137. 

32. Nobari A., Marvizadeh M.M., Sadeghi T., Rezaei-

savadkouhi N., Nafchi A.M., 2022. Flavonoid and 

Anthocyanin Pigments Characterization of Pistachio Nut 



T. Sadeghi et al/ Journal of Chemical Health Risks 15 (3) (2025) 555-563 

 

563 

 

(Pistacia vera) as a Function of Cultivar. Journal of Nuts. 

13(4), 313-322. 

33. Ebrahimi V., Mohammadi Nafchi A., Bolandi M., 

Baghaei H., 2022. Fabrication and characterization of a 

pH-sensitive indicator film by purple basil leaves extract 

to monitor the freshness of chicken fillets. Food 

Packaging and Shelf Life. 34, 100946. 

34. Gao Q., Feng Z., Wang J., Zhao F., Li C., Ju J., 

Application of nano-ZnO in the food preservation 

industry: antibacterial mechanisms, influencing factors, 

intelligent packaging, preservation film and safety. 

Critical Reviews in Food Science and Nutrition. 1-27. 

35. Fallah N., Nabeghvatan N., Sadeghi T., Razlighi A. 

E., Marvizadeh M.M., Nafchi A.M., 2024. Antimicrobial 

and Hydrophilic Behavior of Soluble Soy Polysaccharide 

Starch/Cold Water Fish Gelatin Films Incorporated with 

Nano-Titanium Dioxide. Journal of Chemical Health 

Risks. 14(2), 291-298. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

36. Rosenberg M., Visnapuu M., Vija H., Kisand V., 

Kasemets K., Kahru A., Ivask A., 2020. Selective 

antibiofilm properties and biocompatibility of nano-ZnO 

and nano-ZnO/Ag coated surfaces. Scientific Reports. 

10(1), 13478. 

37. Ekrami M., Emam-Djomeh Z., Ghoreishy S.A., 

Najari Z., Shakoury N., 2019. Characterization of a high-

performance edible film based on Salep mucilage 

functionalized with pennyroyal (Mentha pulegium). 

International Journal of Biological Macromolecules. 133, 

529-537. 

38. Zhai X., Shi J., Zou X., Wang S., Jiang C., Zhang J., 

Huang X., Zhang W., Holmes M., 2017. Novel 

colorimetric films based on starch/polyvinyl alcohol 

incorporated with roselle anthocyanins for fish freshness 

monitoring. Food Hydrocolloids. 69, 308-317. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



T. Sadeghi et al/ Journal of Chemical Health Risks 15 (3) (2025) 555-563 

 

564 

 

 

 

 

 

 

 

 

 


