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Abstract— In recent times, increasing attention has been paid to 

develop and test films with functional properties in order to 
improve food safety and shelf life. Active biomolecules such as 
chitosan have a significant role in food application for 
maintenance quality a wide variety of food products. Chitosan 
properties is mainly due to its biodegradability, biocompatibility, 
antimicrobial and antioxidant activity, non-toxicity , drug delivery, 
therapeutic aspects and versatile chemical and physical properties. 
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I.  INTRODUCTION 

 

    Active packaging is the packaging system possessing 

attributes beyond basic barrier properties that are achieved 
by adding active ingredients in the packaging system and /or 

using functionally active polymers [1]. The primary goals of 

a conventional packaging system such as safety assurance, 

quality maintenance and shelf-life extension[2]. Chitin is a 

naturally abundant mucopolysaccharide distributed in the 

shell of crustaceans, in the cuticle of insects, and also in the 

cell wall of some fungi and microorganisms. Chitosan, a 

linear polysaccharide consisting of (1,4)-linked 2- amino-

deoxy-b-D-glucan, is a deacetylated derivative of chitin, 

which is the second most abundant polysaccharide found in 

nature after cellulose. 

 
 

Figure1. Structure of chitin and chitosan [20]. 

 

Chitosan has been found to be nontoxic, biodegradable, 

biofunctional,  biocompatiblein addition to having 

antimicrobial characteristics [3]. partially acetylated 

chitosan having about 50% d-glucosamine units is only able 

to dissolve in water [4]. chitosan films have been used as a 

packaging material for the quality preservation of a variety 
of food. [5] Nowadays, commercially chitosan are produced 

from biowastes obtained from aquatic organisms [6]. The 

present review focus on the latest studies and summarize 

application of chitosan as a film and coating for food 
preservation and therapeutic aspects.   

 

II. FUNCTIOAL ABILITY OF CHITOSAN 

A. Antioxidant activity 

The oxidative changes that occur in the food items 

reduce the shelf life of foods, making them unsuitable for 
human consumption. Living organisms are constantly 

exposed to reactive oxygen species formed as by-products 

of normal respiration [7]. However, use of synthetic 

antioxidants in food products is under strict regulation due 

to the potential health hazards caused by such compounds 

[8]. Therefore, search for natural antioxidants as alternatives 

to synthetic ones is of great interest among researchers [9]. 

The effect of the molecular weight of chitosan in the 

prevention of the lipid oxidation of salmon has been 

investigated [10] and, according to this study, 30 kDa 

chitosan has exhibited the highest reduction of lipid 
oxidation in salmon. With the increase in the molecular 

weight of chitosan, the effectiveness against the lipid 

oxidation reduces reflecting the unsuitability of higher 

molecular weight chitosan as the food preservative. 

Oxygen permeability is highly dependent on the relative 

humidity As relative humidity increases, more water 

molecules interact with the material and the film becomes 

more plasticized. In these conditions, the mobility and the 

extensive mass transfer across the film are favoured. For 

this reason, the antioxidant ability of edible films should 

always be tested under controlled relative humidity 

conditions [11] 
The antioxidant efficiency of edible films has been tested 

using different approaches. chitosan films can be dissolved 

in distilled water. Testing the activity of an antioxidant by 

more than one assay is desirable, because different methods 

approach this measurement in different ways Very often, 

radical trapping methods have been applied. These methods 

2,2-diphenyl-1-picryhydrazyl radical (DPPH), N-diethyl-p-

phenylenediamine (DPD) radical scavenging assay, ferric-

reducing antioxidant power (FRAP), 2,20-azinobis(3-

ethylbenzothiazoline-6-sulphonate) (ABTS) assay, amongst 
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others measure the ability of an antioxidant agent to 

intercept free radicals [12]. Yen et al. (2008) reported that 

various crab chitosan were prepared by alkaline N-

deacetylation of crab chitin for 60 (C60), 90 (C90), and 120 

(C120) min and antioxidative  activity of the prepared 

chitosans exhibited antioxidative effects of 58.3%–70.2% at 
1.0 mg/mL concentration. 

TABLE I. EXAMPLE FOR APPLICATION OF CHITOSAN AS A ANTIOXIDANT 

 
The C120 with more amino groups on C-2 position showed 

the highest antioxidative activity. Generally, the degree of 

deacetylation was correlated with N-acetylation times[16]. 

These results suggest that chitosan eliminate various free 

radicals by the action of free amino group at C-2 position 

contribute to their antioxidant activity as those groups have 

abstractable hydrogen atoms [17]. 

B. Antimicrobial activity  

Both Gram-positive and Gram-negative bacteria are 

involved in the spoilage of food. The type of bacteria varies 

with the type of food as the optimum conditions needed for 

the bacterial growth differ with their species. The chitosan 

have the property of antibacterial activity against the wide 

range of food spoilage and food pathogenic bacteria which 

reduce the shelf life of food. chitosan based films have 

proven to be very effective in food preservation. There are 

various intrinsic and extrinsic factors that affect the 

antimicrobial activity of chitosan. It has been demonstrated 
that lower molecular weight chitosan (of less than 10 kDa) 

has a greater antimicrobial activity than native chitosans. 

Furthermore, a degree of polymerization of at least 7 is 

required; lower molecular weight fractions have little or no 

activity [18]. Highly deacetylated chitosans are more 

antimicrobial than those with a higher proportion of 

acetylated amino groups due to increased solubility and 

higher charge density [19].Lower pH increases the 

antimicrobial activity of chitosan for much the same 

reasons, in addition to the ‗hurdle effect‘ of inflicting acid 

stress on the target organisms [20]. 

Figure2.Inhibitory effect of chitosan-starch film against (a)E.coli, 

(b)s.aureus, (c)B.subtilis [20]. 

 

One of the reasons for the antimicrobial character of 

chitosan is its positively charged amino group which 

interacts with negatively charged microbial cell membranes, 

leading to the leakage of proteinaceous and other 

intracellular constituents of the microorganisms [21]. 

Chitosan also acts as a chelating agent that selectively binds 
trace metals and thereby inhibits the production of toxins 

and microbial growth [22]. 

 
TABLE II. SELECTED EXAMPLES OF THE ANTIMICROBIAL ACTIVITY 

 

Microorganisms Molecular Weight 
Degree 

Deacetylation 
Ref. 

S.aureus 
Chitosan(21-27 KDa) 84.9-95% [23] 

Chitosan(140-190 KDa) 83-84.9% 

E.Coli 

Chitosan(21-27 KDa) 84.9-95% 

Chitosan Chitosan(140-

190 KDa) 
83-84.9% 

Candida albicans Chitosan(<18 KDa) 96.9% [24] 

 

III. TECHNOLOGICAL EFFECT ON THE STRUCTURE 

CHITOSAN FILM 

A. Effect of electric fields on the sructure 

presence of a moderate electric field during the 

preparation of chitosan coating solutions influence their 

transport properties. [25] XRD analyses indicated that 

electrically treated chitosan films exhibited a more ordered 
structure and a clearly higher crystallinity when compared 

with non-treated films, thus displaying significant effects on 

the value of the crystallinity index. SEM micrographs 

evidenced that the surface morphology of chitosan film was 

influenced by the electric field. In fact, the electric field 

treatment led to a structure with more regular layers as can 

be seen in the cross-sections of the films observed under 

SEM [26].  
 

 

 

 

 
 

Figure3. Ohmic heater and data acquisition system [25]. 

 

Film or 

coating 

Antioxidant 

Compound 
Application Analyses Ref. 

Chitosan 

Coating 

Oleoresins: 

rosemary, onion  

Butternut 

squash 
Peroxidase  [13] 

Chitosan 

coating 
Fish oil, vitamin E 

Lingcod 

fillets 
TBA [14] 

Chitosan 

film 
Green Tea Extract Edible film DPPH [15] 
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The AFM results show that the surface of chitosan films 

is much more uniformwhen an electric field is applied. In 

general, a positive correlation being found between the 

water vapor, oxygen and carbon dioxide permeability 

coefficients and field strength., which may be related with a 
more uniform gel structure leading to the differences 

observed in terms of transport properties [25]. 

 As shown in Figure (3), The chitosan solution samples 

were treated in an ohmic heater using different field 

strengths  and consisted of a cylindrical glass tube; two 

electrodes  were placed at each end of the tube. 

Temperatures were monitored using a thermocouple, placed 

at the geometrical centre of the chamber. A datalogger was 

employed to record continuously and simultaneously,current 

intensity, voltage and temperature [26]. 

 

B. Effect of drying methods on some mechanical 
properties  

It is well recognized that mechanical properties, including 

tensile strength and percent elongation, of synthetic 

packaging films are significantly better than those of edible 

films [27]. Among many steps needed to prepare edible 
films, drying is considered one of the most important [28]. 

The antimicrobial activity, and intermolecular interaction 

were all affected by the tested drying methods and 

conditions [29]. the best drying method that should be used 

by low-pressure superheated steam drying [30]. 

IV. THERAPUTIC ASPECT 

A. Immune effect and anti-inflammatory activity 

 

Inflammation is a natural biological and immune-related 

response from a host to certain stimuli such as infections, 

other foreign agents, and physical or psychological distress. 

The ability of chitosan to modulate immune responses 

seems to be related to the presence of N-acetyl-D-

glucosamine and its ability to trigger different membrane 

surface receptors and pathways of immune cells [31]. The 

immunologic-stimulating effects of chitosan may be 

expected to yield exciting and promising applications in the 

vaccine industry, as they were proved to enhance antigen-
specific antibody titers when incorporated in vaccines as 

adjuvants [32]. 

B. Anti cancer activity 

Although chitosan have been mainly used for the design 

of drug carriers for cancer treatment [33]. In vitro and in 
vivo experimental data indicate that low-MW chitosan, but 

not high-MW chitosan, may present intrinsic antitumor 

activity [34]. In general, this activity seems to be mostly 

derived from their immune-stimulating effects and not by 

direct damage to tumor cells [35]. 

C. Blood coagulation effectt 

Chitosan have the potential to interact with blood cells 

and interfere with coagulation in various ways. Chitosan is 

able to induce coagulation or shorten clotting time by 

inducing the aggregation of red blood cells and platelets in a 

dose-dependent manner [36]. This effect is not reliant on the 

blood coagulation cascade, being generally attributed to the 

ionic interaction between the positively charged polymer 

and the negatively charged cell membrane [37]. The 

coagulation activity of chitosan is variable according to its 

molecular weight and degree deacetylation, since these 

features can significantly influence the final cationic 
properties of the polymer [38]. In general, higher molecular 

weight favors coagulation, while the effect of degree 

deacetylation seems to be more uncertain [39]. 

D. Anti diabetic activity 

Chitosan is able to reduce hyperglycemia associated with 

non-insulin-dependent diabetes, as shown by different 
animal studies. Further studies in mice indicate that low- 

molecular weight chitosan (0.2–0.8% in drinking water) 

may be of particular value, not necessarily in the treatment, 

but in preventing or decreasing progression to non-insulin-

dependent diabetes [40].  Also, low-molecular weight 

chitosan may be useful as an adjuvant in alleviating 

hyperglycemia in insulin-dependent diabetes [41].  Recent 

studies suggest that both low- and high-MW chitosan are 

able to decrease hepatic gluconeogenesis and increase 

glucose use in skeletal muscle, thus justifying its 

hypoglycemic activity [42]. In the specific case of high- 
molecular weight chitosan, reduction of the activity of 

intestinal disaccharidases may also be partially responsible 

for reduced glucose absorption [43]. 

E. Obesity 

Chitosan-based preparations are available worldwide as 

over-the-counter dietary supplements for weight loss. Daily 
oral intake of 2000–2400 mg, divided in two doses, has 

been recommended, although daily doses of up to 6000 mg 

have also been tested [44]. The rationale behind the use of 

chitosan for the treatment of overweight and obese patients 

is thought to be related to the ability of the polymer to form 

fat-entrapping gels upon pH neutralization in the intestine, 

thus reducing the absorption of fat [45]. The ionic 

interaction between amine groups of chitosan and fatty acids 

seems to be important in fat retention [44]. 

F. Ionization activity 

Chitosan has been shown able to bind selectively to 

different metallic ions such as Molybdate polyoxyanions, 

Cu2+‏, Zn2+‏, Cd2+‏, and Ni2+ [46]. The underlying mechanisms 

are thought to be related with adsorption, ion exchange, and 

chelation phenomena, with the amine groups of chitosan 

considered particularly important in the establishment of 

polymer–ion interactions. This biological effect has a 
variety of potential applications, but, in the particular case 
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of human consumption, concerns were raised due to dietary 

implications in the event of long-term use. Animal data 

suggest that chitosan intake is not able to deplete the levels 

of important trace metals such as iron, zinc, and copper [47]. 

 

V. TECHNOLOGICAL APPLICATIONS 

Chitosan widely used in the postharvest coating of intact 

and fresh-cut fruits and vegetables [48]. These coatings 

present generally good gas (mostly oxygen) barriers due to 

their hydrogen-bonded network structure [49], and adhere 

well to the hydrophilic cut surfaces of fruits and vegetables. 

However, they are poor water barriers [50], which may 

increase product desiccation and weight loss.  As a result of 

chitosan coating, a reduction in the respiration rate and 

ethylene production, control of decay, and retention of 

firmness have been reported for fruits such as apple [51]. 

Chitosan coating is likely to modify the internal 

atmosphere without causing anaerobic respiration, because 
chitosan films are more selectively permeable to O2 than to 

CO2 [49]. There is ample evidence that chitosan coatings 

have the potential to prolong storage life and control decay 

of Fruits [52]. 

 

VI. CONCLUSION AND FUTURES PERSPECTIVES  

Chitosan offered as versatile and promising 

biodegradable polymers owing to its antimicrobial, 

antioxidant activity and nontoxicity leading to their 

extensive use over a wide range of applications. Among 

various applications chitosan is the very promising system 
for the future improvement of food quality and preservation 

during processing and storage. Chitosan can also be helpful 

in extending the food shelf life. Further confirmatory studies 

are required in order to attest the real biological effects of 

chitosan and derivatives. In particular, additional elucidation 

on the involved molecular mechanisms is needed. Also, the 

lack of a standard chitosan material introduces substantial 

variability in the interpretation of available clinical data, a 

fact that can limit the translation of chitosan into the clinical 

practice. The increase in the film water content reduces the 

oxygen barrier effect, but can enhance the chemical action 

of the antioxidants. For this reason, the moisture content of 
the foodstuff and the relative humidity in the ambient 

should be taken into account in order to develop effective 

films and coatings with antioxidant activity. 
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