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Abstract 

Active and intelligent films with antioxidant, antimicrobial and pH–responsive properties 

were developed by adding curcumin (Cur) and/or polyvinyl alcohol (PVA) into corn starch 

(CS) matrix. Functional properties of CS, CS/PVA, CS–Cur, and CS/PVA–Cur films were 

compared. Results showed the addition of Cur effectively changed the films colors when 

they are exposed to different pH mediums. By comparing different films, CS–Cur and 

CS/PVA–Cur films presented the stronger microbial growth inhibition as well as the potent 

free radical scavenging ability than CS and CS/PVA films. Notably, CS/PVA–Cur film 

packaging effectively demonstrated the monitoring of veal freshness and could be used as 

novel multifunctional packaging food industry. 

Key words: Active packaging; Intelligent packaging; Starch; Polyvinyl alcohol; Curcumin 
 

صخلم  
 ةمیق عم ةبواجتمو تابوركیملل ةداضمو ةدسكلأل ةداضم صئاصخ تاذ ةیكذو ةطشن ملافأ ریوطت مت

نیمكركلا ةفاضإب ةضومحلا  (Cur) لینیف يلوبلا لوحك وأ/و  (PVA) ةرذلا اشن ةفوفصم يف  (CS). تمت 
ملافلأ ةیفیظولا صئاصخلاو ةیرھجملا بیكارتلا ةنراقم  CS ، CS/PVA ، CS–Cur و ،  CS/PVA–Cur. 

ـل ةنمازتملا ةفاضلإا نأ جئاتنلا ترھظأ  Cur و PVA ىلع مئاقلا ملیفلا يف  CS يرھجم بیكرت ھنع جتنی 
لیلاحمل اھضرعت دنع لاعف لكشب ملافلأا تریغت ،كلذ ىلإ ةفاضلإابو .كسامتم يلخاد  pH ةفلتخم. 

ملافأ ترھظأ ،ةفلتخملا ملافلأا نیب ةنراقملاب  CS–Cur و CS/PVA–Cur ومن طیبثت ىلع ربكأ ةردق 
ملافأبً ةنراقم ةرحلا روذجلا نم صلختلا ىلع ةیوق ةردقو تابوركیملا  CS و CS/PVA. فیلغت نأ ركذُی 

ملیف  CS/PVA–Cur ددعتم فیلغتك ھمادختسا نكمیو لاعف لكشب لجعلا محل ةیجزاط ةبقارم ھنكمی 
ةیذغلأا ةعانص يف دیدج فئاظولا . 
نیمكركلا ؛لینیف يلوبلا لوحك ؛اشنلا ؛يكذلا فیلغتلا ؛طشنلا فیلغتلا :ةیسیئرلا تاملكلا  

Résumé 
Des films actifs et intelligents dotés de propriétés antioxydantes, 
antimicrobiennes et réactives au pH ont été développés en ajoutant de la 
curcumine (Cur) et/ou de l'alcool polyvinylique (PVA) dans une matrice 
d'amidon de maïs (CS). Les microstructures et les propriétés fonctionnelles des 
films CS, CS/PVA, CS–Cur et CS/PVA–Cur ont été comparées. Les résultats 
ont montré que l'ajout simultané de Cur et de PVA dans le film à base de CS 
produisait une microstructure interne compacte. Par ailleurs, l'ajout de Cur 
modifiait efficacement les couleurs des films lorsqu'ils étaient exposés à 
différents milieux pH. En comparant les différents films, les films CS–Cur et 
CS/PVA–Cur présentaient une inhibition plus forte de la croissance 
microbienne ainsi qu'une capacité puissante à éliminer les radicaux libres par 
rapport aux films CS et CS/PVA. Notamment, l'emballage du film CS/PVA–
Cur démontrait efficacement le suivi de la fraîcheur du veau et pourrait être 
utilisé comme nouvel emballage multifonctionnel dans l'industrie alimentaire. 
Mots-clés : Emballage actif ; Emballage intelligent ; Amidon ; Alcool 
polyvinylique ; Curcumine 
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ynthetic plastics are extremely versatile and convenient materials that can be used 

to create a diversity of useful products, but their widespread use is causing 

increasing damage to the planet. One of the most effective strategies to reduce the 

problem of plastic pollution is to develop biodegradable materials that can replace it. At 

present, research on biodegradable materials mainly focuses on synthetic and natural 

polymers. Many synthetic polymers, including polylactic acid (PLA), polyvinyl alcohol 

(PVA), polycaprolactone (PCL), polybutyl succinic acid-butyl adipate (PBSA) and 

polyadipate butylene terephthalate (PBAT), are widely used biodegradable materials in daily 

life. In addition, a number of natural polymers are being used as raw materials for 

constructing biodegradable materials, such as proteins (whey protein, soy protein, silk 

fibroin), polysaccharides (chitosan, cellulose, starch), and lipids (beeswax, lauric acid). 

Among the natural biodegradable materials, starch-based biodegradable materials are widely 

studied and applied. This is because starch is naturally abundant, low cost, non-toxic, 

renewable, biocompatibility and can be used as a foodstuff packaging film. However, a 

number of technical challenges need to be overcome to increase the practical of starch-based 

films for manner applications. 

Functional starch-based films have attracted extensive attention from researchers in 

recent years. Bioactive starch-based films with antibacterial, anti-oxidation, UV, oxygen, 

and water vapor barriers can reduce the reproduction of microorganisms and prolong the 

shelf life of packaged foods. Intelligent starch-based films with pH–, temperature–, magnetic 

field–, glucose–, and enzyme–responsive characteristics can be used to monitor the freshness 

of foods and control the delivery of functional ingredients and drugs. Therefore, the 

development of biodegradable bioactive and intelligent starch-based films is particularly 

important [1]. 

The addition of plant extracts, plant essential oils, and nanoparticles to starch films can 

improve their antibacterial, antioxidant, and barrier properties. The addition of anthocyanins 

to starch films can make the films pH–responsive, indicating the degree of spoilage in fish 

products and achieving the purpose of warning consumers. In the future, it is necessary to 

study other biologically active starch-based films, such as anti-fatigue, enzyme–responsive, 

and salt–responsive starch-based films. 
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Considering the pH sensitivity and antioxidant activity, as well as the antimicrobial activity 

of curcumin, novel bioactive and intelligent packaging films were prepared in the present 

work by adding turmeric extract (Cur) and/or polyvinyl alcohol (PVA) into corn starch (CS) 

matrix. We compared the structural and functional properties of CS, CS/PVA, CS–Cur, and 

CS/PVA–Cur films for the first time. Meanwhile, the developed film was evaluated to 

monitor veal freshness. 
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1.1. Understanding Starch Structure 

Starch constitutes a major energy supply for humans worldwide and is produced as a reserve 

carbohydrate in plants. The most important sources for humans are diverse cereals, rhizomes, 

roots and tubers. Storage starch is produced in amyloplasts as discrete granules with distinct 

morphology in different plants (Fig. 1.1), ranging from round, oval, ogival or elongated to 

flat, lenticular or polyhedral, and sizes from sub-microns to more than 100 μm in diameter 

[1]. Though the size and morphology of the granules is specific for each plant species, their 

internal structures have remarkably similar architecture. 

 

Figure 1. 1. SEM images of starch granules from different botanical sources [1]. 

Starch is composed of amylose (primarily linear molecule) and amylopectin (highly- 

branched molecule). The molecular structure of amylose is comparatively simple as it 

consists of glucose residues connected through α–(1,4)–linkages to long chains with a few 

α–(1,6)–branches (Fig. 1.2). Amylopectin, which is the major component, has the same basic 

structure, but it has considerably shorter chains and a lot of α–(1,6)–branches [2]. 

Starch granules are insoluble in cold water, but if they are heated above a certain temperature 

in excess of water, they would absorb water and expand, eventually leading to the disruption 

of the starch granules and the formation of a hydrophilic colloidal solution [3]. This process 

is known as the gelatinization of starch. After gelatinization, when a starch solution is cooled 

to a sufficiently low temperature, starch molecules reorganize, hydrogen bonds reform, and 

ordered structures are reestablished [4]. This process is known as retrogradation of starch. 
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Figure 1. 2. Basic structural motifs of amylose and amylopectin. 
 

1.2. Preparation of Starch–Based Films 

The formation of starch films mainly depends on the retrogradation characteristics of starch. 

After starch granules are gelatinized, cast in a mold, and dried, the hydroxyl groups between 

the starches are combined through intermolecular hydrogen bonds to form a starch film. 

There are three main methods for preparing starch-based films: casting, extrusion/thermo- 

compression method, and blow molding method (Fig. 1.3). 
 

1.2.1. Casting Method 

The  casting  method  is commonly  used  in laboratories  due  to  limited throughput  and 

laboratory space [5]. There are three steps in preparing starch-based film by casting. First, 

starch slurry is gelatinized while adding a plasticizer, and then starch paste is poured into a 

mold. The plasticizer is mainly glycerin to give the films flexibility. The last step is drying 

the paste to obtain a starch-based film. The film is balanced in a desiccator for several days. 

Starch-based films are prepared by casting method with different sources of starch as 

film-forming materials. In the solution casting method, the concentration of starch is 

generally 5%–10%. Starch paste with the concentration lower than 5% is difficult to form 

film after drying. If the starch concentration is higher than 10%, the starch paste shows poor 

fluidity and is not conducive to pouring [6]. 

The advantage of using the casting method is that the film has high transparency and 

good flexibility. However, it is also characterized by high energy consumption and low 

production efficiency, which limits the application of starch-based films. 
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1.2.2. Extrusion/Thermo–Compression Method 

Currently, extrusion/thermo-compression is the most commonly used method for producing 

plastic materials due to its fast temperature rise and simple operation. To prepare starch- 

based films by extrusion/ hot pressing, starch and plasticizer are mixed uniformly, extruded, 

and then thermoformed to form the films [7]. 

Extrusion can reach the required temperature in a short time, and the operation is simple. 

However, the operating conditions, such as temperature curve and screw speed, will 

seriously affect the performance of the material. Therefore, these conditions need to be 

optimized to make a good starch film. Moreover, this method requires that the polymers or 

added bioactive substance be able to withstand high temperatures. 

 

Figure 1. 3. Flow chart of three preparation methods of starch-based films. 
 

1.2.3. Blow Molding Method 

The blow molding method requires the use of a twin-screw extruder to pelletize the starch 

and additives and then a single-screw blown-film extruder to prepare a starch-based film. 

The extrusion blow molding process is mainly used to produce food plastic packaging 

materials. In recent years, the use of the extrusion blow molding to prepare starch-based 

films has received widespread attention. To obtain starch-based films, plasticizers and 

thermoplastic biopolymers must be added. Garcia et al. [8] used sericin as a compatibilizer 
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for starch and poly (butylene–adipate–co–terephthalate) to prepare films. First, the 

components are mixed uniformly, and pellets are obtained through a laboratory twin-screw 

extruder, and then the pellets are passed through a mono-screw extruder to obtain blown 

films. 

Starch-based films prepared by the extrusion blow molding method have good 

mechanical strength and show less breakage, but the transparency of the film is low, which 

limits its application as a transparent food packaging material. 
 

1.3. Functions of Starch–Based Films 
 

1.3.1. Antibacterial Activity 

There are many natural active substances in nature that have antibacterial effects, and they 

are widely used as antibacterial agents. Research has shown that starch films themselves 

exhibit no antibacterial activity [9]. However, starch films prepared by adding antibacterial 

substances to a starch matrix can be used as an active antibacterial packaging material, which 

can effectively inhibit the proliferation of bacteria, prolong the shelf life of food, and reduce 

the occurrence of bacterial diseases. The following sections describe the bacteriostatic 

properties of starch-based films. Table 1.1 summarizes the inhibition zones of antibacterial 

starch-based films on different bacteria. 

Table 1. 1. Diameters of inhibition zone of different starch-based films. 
 

 

Types of starch Antibacterial substance The diameter of inhibitory zone (mm) Ref 
 S. aureus E. coli L. monocytogenes  

Starch/gelatin Tea tree oil 27.8 ± 0.29 18.4 ± 0.20 ND [10] 
Cassava starch Cinnamon oil 10.75 ± 0.50 15.25 ± 1.85 ND [11] 
Foxtail starch Clove leaf oil ND ND 14.79 ± 0.10 [12] 
Potato starch Coconut oil 25.17 ± 0.017 24.11 ± 0.016 25.20 ± 0.016 [13] 
Rice starch Propolis extract 8.2 ± 1.2 ND ND [14] 
Potato starch Nano–SiO2 6.2 ± 0.07 8.0 ± 0.08 ND [15] 

ND: No data were presented in the manuscript. 

There are natural antibacterial substances in plant extracts, such as polyphenols, 

flavonoids, tannins, and alkaloids. In general, these substances have antibacterial effects and 

can damage cell membranes, interfere with active transport, and inhibit enzyme activity. 

Moreover, adding the by-products produced in the food production process to the starch- 

based film can also have antibacterial effects. PVA/starch film with the addition of waste 

coffee grounds and 30% citric acid has the largest inhibition zone against E. coli and 

Staphylococcus aureus (Fig. 1.4) [16]. The use of by-products from food processing as 

antibacterial substances is a trend in the preparation of active starch-based films. The 
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addition of by-products could provide a low-cost way for antibacterial film preparation, 

while they are also environment-friendly due to the recycle of industry waste. 

 

Figure 1. 4. Antibacterial activity of film samples [16]. 

Many studies have added essential oils to starch-based films to improve their 

antibacterial and antioxidant capabilities. Plant essential oils, as natural active antibacterial 

substances, are of great significance when used in active food packaging materials. In 

general, among essential oils, phenolic substances are the main antibacterial substances, 

including carvacrol and thymol. 

Additionally, because nano–silica (nano–SiO2), nano titanium dioxide, and nano–clay 

have excellent properties, such as an extremely porous structure and high surface activity, 

they are added to starch-based films as bacteriostatic agents [15, 17]. In general, nano–SiO2 

is chemically inert and biocompatible, which can prevent bacteria from proliferating. 

Furthermore, nano-SiO2 has an inhibitory effect on bacteria because it can be adsorbed on 

the cell walls of bacteria, further destroying the structure of the cytomembrane and 

organelles and achieving bacteriostatic effects [18]. 
 

1.3.2. Antioxidant Activity 

Antioxidant activity is also an important function of starch-based films as food packaging 

materials. Adding antioxidant ingredients to starch-based films gives the starch-based film 

anti-oxidation properties to extend the shelf life of packaged foods. Table 1.2 summarizes 

the free radical removal capabilities of several starch-based films. The following describes 

the antioxidant effect of starch-based films. 

Essential oils are known to have antioxidant effects and have been widely used in starch- 

based films to enhance their antioxidant properties. Antioxidant active packaging appears to 

be a promising application of essential oils as natural antioxidants. That’s because synthetic 

antioxidants are potentially harmful to human health. Essential oil molecules can react with 

colored free radicals (DPPH•) to counteract the oxidative stress caused by free radicals. In 
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starch-based  film  packaging  materials,  essential  oil  vapor  can  diffuse  in  the  internal 

atmosphere, directly contact with food, and produce antioxidant protection [19]. 

Table 1. 2. Antioxidant properties of starch-based films containing different antioxidants. 
 

 

Types of starch Antioxidant ingredients Antioxidant capacity Ref 
Potato starch Tea tree oil The total antioxidant capacity is 985.7 ± 84.3 

nmol/cm2. 
Potato starch Lavender oil The total antioxidant activity is improved by 

88.97%, as compared with the control film. 
Foxtail starch Clove leaf oil The DPPH free radical scavenging activities are 

40.81%. 
Apple starch Ellagic acid The oxidation resistance increased from 200 to 

2200 μmol TEAC/g dry film. 

[10] 
 

[20] 
 

[12] 
 

[21] 

Rice starch Curcumin The DPPH antioxidant activity is 85.60%. [22] 
Hydroxypropyl starch Tea polyphenols Gallic acid equivalent is increased from 0 to 15 

mg/g film. 
Adzuki bean starch Cocoa bean extract The DPPH radical scavenging activities reach 

[9] 
 

[23] 
  94.9%.   

 

Due to the health benefits of polyphenols, including antioxidants, anti-inflammatory, 

and anti-atherosclerotic effects, there is growing interest in adding them to starch-based 

films. In addition to the widely used essential oils and polyphenol antioxidants, carotenoids 

and ascorbic acid can also be used as antioxidants in starch-based films. 
 

1.4. Intelligent Response Starch–Based Films 
 

1.4.1. pH–Responsive Starch–Based Films 

In recent years, intelligent packaging materials have received increasing attention. Intelligent 

pH–responsive starch films as packaging materials can monitor the status of perishable foods 

and remind consumers to pay attention to pathogen contamination. In intelligent food 

packaging materials, visual sensors are mainly pH indicators. As the pH of foods change, 

intelligent pH–responsive starch films show different colors to indicate the deterioration of 

the foods. Currently, the research on pH–sensitive starch-based intelligent packaging films 

is still in the early stages, mainly using the pH–sensitive properties of anthocyanins in natural 

fillers or adding acid–base indicators to starch-based films to achieve pH response. In this 

context, natural anthocyanins are safe, non-toxic, water-soluble pigments that are sensitive 

to changes in pH. In the process of fruit production, a substantial amount of waste residues 

rich in anthocyanins are often produced, such as grape waste residue in wine production and 

blueberry waste residue in blueberry juice production. These waste residues can be 

reprocessed and utilized. For example, anthocyanins extracted from waste residues can be 
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used as pH indicators. Table 1.3 summarizes the color changes and applications of pH– 

responsive starch-based films at different pH values. 

Table 1. 3. Color changes and applications of different types of pH–responsive starch-based films. 
 

Types of starch/films Additives Color changes Application Ref 
Guinea pueraria lobata 
starch 

Grape waste powder At pH = 1, pink hue; 
At pH = 7, blue. 

ND [24] 

Potato starch Purple sweet potato 
anthocyanin 

Red turns green. Monitored meat spoilage [25] 

Starch/polyvinyl 
alcohol 

Red dragon fruit peel 
extract 

Pink turns yellow. Monitored the shrimp 
deterioration process 

[26] 

rice starch-based Blueberry agro- 
industrial waste 

Red at acidic pH and 
blue at alkaline pH. 

Specific sensors and/or 
indicators 

[27] 

Sodium 
carboxymethyl starch 

Mulberry 
anthocyanin extract 

Red becomes dark 
blue. 

Indicated the freshness of 
the fish 

[28] 

Potato starch Butterfly pea flower Light pink to green. Monitored the freshness 
of shrimp and seafood 

[29] 

  samples   
 

Choi et al. [25] used anthocyanin extract from purple sweet potato and agar/potato starch 

to prepare an intelligent pH indicator film to monitor meat spoilage (Fig. 1.6). As the pH of 

pork samples changes, the pH indicator film changes from red to green. Moreover, Liu et al. 

[30] prepared an intelligent starch/PVA film containing anthocyanins and limonene (Fig. 

1.7). 

 

Figure 1. 5. pH indicator of agar/potato starch film with purple sweet potato extract [25]. 

As expected, the film showed good color indication and antibacterial activity for 

pasteurized milk, indicating that the film has a good ability to signal food deterioration. In 

general, fish and shrimp are extremely perishable. The enzymatic hydrolysis of 

trimethylamine oxide by putrefaction organisms increases volatile nitrogen compounds in 
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fish. These compounds are alkaline gases that increase the pH of fish samples. Therefore, 

consumers can monitor the freshness of fish by the color change on the packaging [31]. 

 

Figure 1. 6. Colorimetric response of the STA–PVA–ANT–LIM film at different pH conditions [30]. 
 

1.4.2. Temperature–Responsive Films 

Poly(N–isopropylacrylamide) (PNIPAAm) is one of the most popular heat–sensitive 

polymers. It has a lower critical solution temperature when it is close to human body 

temperature, so it is suitable for use in temperature–responsive starch hydrogels for drug 

delivery. Poorgholy et al. [32] used itaconic anhydride modified starch, iron oxide 

nanoparticles (Fe3O4 NPs), and N–isopropylacrylamide to prepare temperature–responsive 

magnetic nanohydrogels. When the temperature increased from 25 °C to 40 °C, the diameter 

of the magnetic nanohydrogels decreased from 79 nm to 67 nm, which was mainly due to 

the change in the hydrophilic–hydrophobic properties of the thermos–responsive polymer. 

 
 

1.6. Application of Starch–Based Films 
 

1.6.1. Application in Food Packaging 

Bioactive starch-based films have broad application prospects as food packaging materials. 

Starch-based films are accessible, affordable, biodegradable, and environment-friendly 

material for food packaging. Through adding other compounds such as polyphenols, 

essential oils, and nanoparticles, the films can also show desirable antibacterial, 

antioxidation, ultraviolet barrier, water vapor barrier, and oxygen barrier properties. These 

characteristics are extremely beneficial to food preservation, especially perishable foods, 

such as fruits and vegetables, aquatic meat, and other foods. As shown in Table 4, the 

application of starch-based films in food preservation is summarized. 
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Table 1. 4. Application of starch-based films in food preservation. 
 

Types of starch Additives Foods Consequents Ref 
Corn starch Corncob cellulose 

and cassia seed oil 
Green grapes Composite film decay index (11%) was 

significantly lower than that of the 
blank group (32%). 

[33] 

Pinhao starch Feijoa peel flour, 
citric acid pectin 

Apples Maintained a constant weight after five 
days of storage. 

[34] 

Tapioca starch Chitosan 
nanoparticles 

Cherry tomatoes Inhibited the growth of microorganisms 
compare to neat starch film. 

[35] 

Potato starch Chitosan Apples Maintained the quality of apples for 
four weeks. 

[36] 

Cassava starch Pumpkin extract 
residue and OEO 

Ground beef Prevented lipid oxidation when tested 
in meat until the third day of the test. 

[37] 

Rice starch Glycerin and 
OEO 

Fish fillets Packaged fish fillets show less 
microbiological growth in 6 days of 
storage. 

[36] 

Corn starch Lecithin and oleic 
acid 

Sunflower oil Prevented sunflower oil oxidation even 
after 53 days of storage at 30 °C. 

[38] 

 
 

1.6.2. Fruit Preservation 

Fruits are highly perishable foods, and prolonging their shelf life is a significant challenge. 

Bioactive starch-based films with antibacterial and antioxidant properties are widely used in fruit 

preservation. In general, bananas are highly prone to blackening and spoilage. A starch- based film 

with lactic acid bacteria, sodium carboxymethyl cellulose, and glycerin demonstrated a good 

preservation effect on bananas, preventing them from browning and turning black [39]. 

Moreover, Francisco et al. [40] prepared acetylated tapioca starch and hydroxyethyl cellulose 

films as guava coatings, prolonging the shelf life of guava up to 13 days (fig 1.9). 

 
 

Figure 1. 7. Guava non-coated or coated with films of acetylated cassava starch (ACS) and 
hydroxyethyl cellulose (HEC) mixtures within 13 days [40]. 
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1.6.3. Meat and Aquatic Products Preservation 

 
As a packaging material, antimicrobial active starch-based film not only keeps food fresh 

but also monitors spoilage microorganisms. For instance, Anthocyanin pigment extracted 

from sweet potato and red cabbage was incorporated into corn starch/PVA blend to prepare 

an intelligent pH–sensitive starch-based film, which could be used as an intelligent pH 

indicator to monitor the freshness of shrimp and seafood samples [41]. During the storage 

of the shrimp food samples for 24 h, the color of the film gradually changed from pink to 

dark blue, clearly indicating the deterioration of the food material (Fig. 1.10). 

 

Figure 1. 8. Color changes of pH–sensitive films during shrimp spoilage at 25 °C for (A) 0 h, (B) 6 h, 
(C) 12 h, (D) 18 h, and (E) 24 h [41]. 

 
1.7. Curcumin as an Additive 
Curcumin, a yellow polyphenolic pigment from the Curcuma longa L. (turmeric) rhizome, has been 
used for centuries for culinary and food coloring purposes, and as an ingredient for various 
medicinal preparations, widely used in Ayurveda and Chinese medicine. In recent decades, their 
biological activities have been extensively studied. Thus, this review aims to offer an in-depth 
discussion of curcumin applications for food and biotechnological industries, and on health 
promotion and disease prevention, with particular emphasis on its antioxidant, anti-inflammatory, 
neuroprotective, anticancer, hepatoprotective, and cardioprotective effects. Bioavailability, 
bioefficacy and safety features, side effects, and quality parameters of curcumin are also addressed. 
Finally, curcumin’s multidimensional applications, food attractiveness optimization, agro-industrial 
procedures to offset its instability and low bioavailability, health concerns, and upcoming strategies 
for clinical application are also covered [45]. 

 

 

(a)                                                                                                  (b) 

Figure 1.9 Curcumin (a) Chemical structure of curcumin; (b) Turmeric rizhome. 
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2.1. Materials 

Dried rhizomes of turmeric (Curcuma longa L.) and Fresh fish (Sparus aurata) were 

purchased from the local supermarket (Mostaganem, Algeria). 

Two foodborne pathogenic species strains, bacteria (Staphylococcus aureus) and fungus 

(Rhizoctonia solani) for estimation of the antimicrobial activity of the films were kindly 

supplied by the Microbial Laboratory of Djillali Liabes University (Sidi Bel Abbes, Algeria). 
 

2.2. Solvents and Reagents 

All the materials including, solvents, chemicals, and reagents were purchased from Sigma– 

Aldrich (St. Louis, MO, USA), Merck (Darmstadt, Germany) Chemicals Company. All other 

chemical reagents were of analytical grade. 
 

2.3. Extraction Procedures 

The rhizomes of turmeric were dried in oven at 105 °C for 3 h. Dried rhizomes were triturated 

using mortar and screened through a sieve with mesh 80 to obtain uniform powder with 

particle size of 0.18 mm. The turmeric powder was stored in refrigerator to prevent moisture 

uptake. The Soxhlet extraction, as the reference method, was performed as follows: 15 g 

ground turmeric powder was weighed and embedded in a thimble and put in the Soxhlet 

apparatus which was gradually filled with acetone as the extraction solvent. The extraction 

experiment was carried out at 60 °C within 8 h. Upon completion of the extraction, the 

acetone was separated from the extract using rotary evaporator under vacuum at 35 °C and 

the residue (curcumin) was dried. 
 

2.4. Development of CS, CS/PVA, CS–Cur, and CS/PVA–Cur Films 

To prepare active packaging films, CS, PVA and Cur solutions were first separately 

prepared. Aqueous CS (2%, w/v) solution was prepared by dissolving 1.0 g of CS in 50 mL 

of distilled water 75 °C for 30 min until completely gelatinized. Meanwhile, PVA (3%, w/v) 

aqueous solution was prepared by dissolving 1.5 g PVA in 50 mL of distilled water at 90 °C 

for 2h until a clear solution was obtained, while Cur (0.25%, w/v) solution was prepared by 

dissolving 0.05 g of Cur in 20 mL of 80% ethanol aqueous solution (v/v) at room 

temperature. Subsequently, PVA and/or Cur solutions were added into CS solution, which 

was followed by addition of 30% (v/v) of glycerol. After being degassed, approximately 20 

g of composite film forming solutions were cast onto a horizontal glass plate and dried in a 

thermostatic drier chamber at 30 °C and 50 % relative humidity (RH) for 2 days. Then, the 
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films were peeled intact from the glass plates and conditioned in a tight container prior to 

further testing. CS film with PVA, Cur and both of them were termed as CS/PVA film, CS– 

Cur film and CS/PVA–Cur film, respectively. The resulting films are shown in Fig. 2.1. 

 
Figure 2. 1. Preparation routes of different films. 

 
2.5. Functional Properties of the Films 

 
2.6.1. Antioxidant Activity 

The 2,2–diphenyl–1–picrylhydrazyl (DPPH) radical scavenging rate was used to evaluate 

the antioxidant activity of the developed CS, CS/PVA, CS–Cur, and CS/PVA–Cur films. A 

method reported by Kaya et al. [42] with some modifications was used for the study of DPPH 

scavenging activity. Briefly, 0.1 mmol/L DPPH solution was prepared by dissolving 4 mg 

of DPPH with 100 mL of methanol. Next, 20 mg of each film specimen was taken and 

dissolved in 4 mL of freshly prepared DPPH solution. The mixture was then incubated in 

the dark under ambient conditions for 24 h, and the absorbance of all the extracted solutions 

(reaction products) was recorded at the wavelength of 517 nm using UV–Vis 

spectrophotometer (Shimadzu UV–1800, Tokyo, Japan). The DPPH radical scavenging rate 

of both CS, CS/PVA, CS–Cur, and CS/PVA–Cur films was calculated using the formula: 
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𝑫𝑷𝑷𝑯	𝒓𝒂𝒅𝒊𝒄𝒂𝒍	𝒔𝒄𝒂𝒗𝒆𝒏𝒈𝒊𝒏𝒈	𝒓𝒂𝒕𝒆	(%) = 	
𝑨𝑫𝑷𝑷𝑯 −	𝑨𝑬𝑿𝑻𝑹𝑨𝑪𝑻

𝑨𝑫𝑷𝑷𝑯
	× 𝟏𝟎𝟎 

where ADPPH  and AExtract  is the absorbance value of the methanolic solution of DPPH 

and sample extracts at 517 nm, respectively. Pure methanolic solution without DPPH was 

used as a blank. Each sample was assayed in triplicates. 

 

 
2.6.2. Antimicrobial Activity 

The study of antimicrobial activity of the films was performed by measuring the diameter of 

the inhibition zone, expressed in millimeters. The zone of inhibition was determined in 

triplicates using the diffusion technique, with values representing the average zone of 

inhibition. The nutrient broth medium (50 mL) was prepared and sterilized in autoclave at 

121 °C for 15 min. Bacteria (Staphylococcus aureus) were inoculated in tubes of nutrient 

broth, whereas the fungal cultures (Rhizoctonia solani) were inoculated in tubes of potato 

dextrose agar, and incubated at 37 °C for 24 h; then the suspension was centrifuged at 8000× 

g for 5 min, the pellet was suspended in double–distilled water, and the cell density was 

standardized spectrophotometrically (A610 nm). All of the microbial cultures were adjusted to 

1.5 McFarland standards, which is visually comparable to a microbial suspension of 

approximately 1.5 × 108 CFU/mL. 

The bacterial specie, chosen as representative of spoilage and pathogenic specie 

commonly found contaminating surfaces and workplaces, was used to evaluate the 

antibacterial activities of the prepared films. The bacteria were maintained on Muller Hilton 

broth media at 37 °C. Then, Muller Hilton agar plates were uniformly seeded with 100 µL 

inocula of the test microorganism and kept for 15 min for absorption. Afterward, sterilized 

film samples (12 mm in diameter) were placed on the agar plate’s surface. Then the plate 

was incubated at 37 °C for 24 h. 
 

2.6.3. pH–Sensitivity 

pH–sensitivity of CS/PVA–Cur film was monitored by immersing the film sample in 

different buffer solutions (pH 3.0 to 10.0) at room temperature for 5 min. The color changes 

of the film were recorded using a digital camera. 
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2.6. Potential Application 

CS/PVA–Cur film was selected to monitor veal freshness. Fresh meat samples with a weight 

of 50 g were placed in a sterilized Petri dishes (15 cm in diameter) and covered with a piece 

 
of CS/PVA–Cur film (11 cm in diameter, CS film as control). Subsequently, the dishes were 

sealed with polyethylene film and stored at 25 °C for 4 days. The color changes of the films 

were performed daily until the end of storage. 
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3.1. Analysis of Curcumin 

• The obtained product is having yellow color. 

• It is insoluble with water. 

• 2 ml of curcumin solution turns red when 2 ml of sulfuric acid is added and stirred. 

• A piece of filter paper is wetted with curcumin solution and dried. A few drops (2 to 3 

drops) of hydrochloric acid, followed by a few drops (2 to 3 drops) of boric acid solution 

are dropped onto the piece of filter paper. Upon drying by heating, it turns cherry red. 

When a few drops (2 to 3 drops) of ammonia solution is added, it turns blue. 

The above Results show that the product obtained is curcumin. 
 

3.2. Antioxidant Activity 

Antioxidant packaging films has received special attention since they can reduce lipid 

oxidation and enhance the shelf life of food by releasing the antioxidant agent into the food 

package [43]. Hence, it was essential to evaluate the antioxidant activity of developed films 

by DPPH free radical scavenging assay. The hydrogen donating potential of the antioxidant 

decides the degree of the color change of DPPH radical into a yellow–colored DPPH 

compound. As shown in Fig. 3.1, an intense color change can be seen from purple to yellow 

on incorporating the Cur. H–atoms donation from the phenolic groups in curcumin have 

been considered strong antioxidants due to their capacity to capture and react with free 

radicals to yield highly stable macromolecular radicals. This was evident qualitatively that 

developed films possessed a strong antioxidant activity. DPPH radical scavenging rate of the 

different films is illustrated in Fig. 3.1. Our results confirmed that CS/PVA–Cur offers the 

highest antioxidant property with 81.51% DPPH scavenging activity. The scavenging 

activity of CS–Cur was found to be 81.45% which does not change significantly compared 

to CS/PVA–Cur. CS film exhibited no scavenging activity as there was no antioxidant agent 

present in the film. Moreover, no significant change was observed in the DPPH scavenging 

activity of CS film when PVA was added, further confirming PVA did not possess 

antioxidant activity. Thus, the Cur used in the current study for the development of CS and 

CS/PVA films proved to be an effective antioxidant agent. 
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Figure 3. 1. Color change of DPPH radical scavenging activity of different films. 
 

3.3. Antimicrobial Activity 

Microbial pathogens are responsible for a large portion of food spoilage and food–related 

diseases. Hence, active antimicrobial packaging has become one of the most studied food 

packaging science topics [44]. S. aureus, a classic food poisoning microorganism, was 

selected as a model bacteria. The antimicrobial activities of different films are shown in Fig. 

3.2 and Table 3.1. As shown in Fig. 3.2, CS and CS/PVA films showed no inhibition zone 

among the tested films. Meanwhile, S.aureus grew slightly on the surface of the films, 

demonstrating that CS and CS/PVA films have no antimicrobial activity. By contrast, the 

addition of Cur could remarkably enhance the antimicrobial activity of the films. Several 

antimicrobial mechanisms of Cur film have been proposed: (1) the hydrophobic substance 

of curcumin can directly act on the microbial cell membranes, leading to leakage of proteins 

and other intracellular components; (2) Cur can inhibit microbial growth by generated 

polyphenols that interact with the essential cell division–initiating protein FtsZ. However, it 

is required that the exact antimicrobial mechanism of Cur needs to be further investigated. 

In summary, these results proved that CS and CS/PVA films supplemented with Cur had the 

potential to inhibit target microorganisms. 
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Figure 3. 2. Antibacterial activity of CS (A), CS/PVA (B), CS–Cur (C), and CS/PVA–Cur (D) films. 
 
 

Table 3. 1. Inhibition zone values for different films. 

Film Inhibition zone (mm) 
CS Not detected 
CS/PVA Not detected 
CS-Cur 14.79 ± 0.35 
CS/PVA–Cur 15.11 ± 0.04 

 
 

 

 
 

 
 

3.4. Intelligent pH Responsivity 

For the evaluation of the pH sensing function, the typical CS/PVA–Cur film was immersed 

in buffer solutions with different pH values (pH at 3.0–10.0) and the corresponding visual 

images were presented in Fig. 3.3. The color of CS/PVA–Cur film varied from bright yellow 

to orange and orange–red. Significant decrease was observed in lightness upon increase in 

the solution pH, suggesting the color darkness with increase of alkalinity. 

 

Figure 3. 3. Color changes of CS/PVA–Cur film at different pH conditions. 

As shown in Fig. 3.3, a similar shade of redness was observed in the range of pH 3.0–7.0. 

However, an immediate change was observed as the pH increased from 7.0 to 10.0, 

indicating a strong color–shift under alkaline condition. Such a phenomena can be related to 

pH–induced change in the chemical structure of Cur (Fig. 3.4). The visible color shift of Cur 

was caused by the gradual conversion of keto form (yellow) to enol form (orange–red) under 

alkaline conditions. The above results suggested that the developed CS/PVA–Cur packaging 

film might serve to monitor seafood freshness. 
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Figure 3. 4. Changes in curcumin structure due to pH changes, adapted from. 
 

3.5. Potential Application 

Generally, the spoilage of most animal-based foods is related to enzymes’ action and protein 

decomposition that occur during storage. Various volatile nitrogen compounds including 

ammonia, dimethylammonium and trimethylamine are formed, which increases the pH 

environment inside the sealed package. Based on this phenomenon, CS/PVA–Cur film was 

employed as a pH sensing indicator to monitor veal freshness, thus demonstrating the 

potential for food application. The typical results were shown in Fig. 3.5. As expected, the 

control film showed no obvious change in color during the storage. In a remarkable contrast, 

the color of CS/PVA–Cur film clearly turned from yellow (0th day) to orange (3rd day), and 

the redness shades of CS/PVA–Cur film significantly increased after 3 days, suggesting the 

complete meat spoilage point. The color variations can be explained by the increase in 

volatile nitrogen compounds content of meat samples during storage. Therefore, the 

CS/PVA–Cur film can be used as a promising intelligent packaging to monitor meat 

freshness via direct naked-eye inspection. 
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Figure 3. 5. Applications of sensing film for monitoring veal freshness. 



25 

 

 

General Conclusion 

In conclusion, due to the abundant, non-toxic, degradable, and biocompatible 

characteristics of starch, the development of starch-based films has attracted great 

researcher interest. Bioactive and intelligent starch-based films can be prepared 

through simple laboratory methods, such as the “casting” and “extrusion/hot pressing” 

methods, and with the industrial “blow molding” method. Films with antibacterial, 

antioxidation, and pH responsiveness could be used as packaging materials for food 

preservation. Moreover, starch-based films can also be used as carriers for the 

controlled release of biomedicines. Additionally, the addition of anthocyanins could 

endow starch-based films with pH–responsive properties, but anthocyanins in nature are 

unstable and easily degraded. Thus, the application of anthocyanins in smart food 

packaging is limited due to their instability. 

In this study, Active and intelligent packaging films were successfully developed. The 

addition of Cur into CS or CS/PVA blend films could interact with the matrix achieving a 

higher compact microstructure. The films containing Cur showed strong antioxidant activity, 

better antimicrobial activity and intelligent pH responsivity. Notably, CS/PVA–Cur had 

superior structural and functional properties, which can be used as a novel packaging 

material to extend the shelf life of animal-based protein foods and monitor their freshness. 

Currently, the functions of bioactive starch-based films are relatively limited, especially 

responsive films. In future, additional studies are needed to develop multifunctional and 

multi-reactive starch-based films with, for example, anti-fatigue properties, enzyme 

responsiveness, and salt responsiveness. Multi-responsive starch-based materials that 

respond to pH, temperature, and amylase are mainly used to release drugs. Functional food 

ingredients loaded into multi-responsive starch films also require further investigation. 
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