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ABSTRACT 

 

STORAGE STABILITY OF RAW CHICKEN DRUMSTICKS PACKED 

WITH ANTIMICROBIAL PACKAGE FILMS 

DIRICAN, Engin 

M.Sc. in Food Engineering 

Supervisor:  Assist.  Prof. Dr. Çiğdem SOYSAL 

Co-supervisor: Prof. Dr. Sevim KAYA 

May 2014, 45 pages 

 

Antimicrobial packaging is a packaging system which inhibits the microorganisms 

and pathogens causing food spoilage by controlled release, prevents spoilage and 

increases the shelf life of foods.  

In this study, storage stability of raw chicken drumsticks packed with antimicrobial 

package films was studied. For this purpose, raw chicken drumsticks were packed 

under vacuum with antimicrobial packaging films containing chitosan, nisin, silver-

loaded zeolite (AgZeO) or potassium sorbate (PS) and stored at +4 °C for a week. In 

addition raw chicken drumsticks were packed with control films (without additive) 

under vacuum and stored at same conditions to compare the effect of antimicrobial 

packaging. Since microbiological growth and lipid oxidation are the most important 

factors in deterioration of raw chicken drumsticks, the samples were taken daily and 

their microbiological count (total aerobic bacteria, total coliform, and total mold and 

yeasts) and 2-thiobarbituric acid reactive substances (TBARS) values, changes in 

pH, color, and hardness values were determined during the storage period.  

Total aerobic mesophilic plate counts (APC) of samples packed in chitosan, nisin, 

AgZeO and PS containing films were 0.99, 0.97, 0.51, and 0.06 log, respectively 

lower than those of samples packed in control alone. The corresponding total 

coliform counts were 0.75, 0.68, 0.28, and 0.25 log lower. Mold and yeast count 

were lower by 1.02, 0.87, 0.86, and 0.25 log for samples packaged in chitosan, PS, 

nisin, and AgZeO-containing films, respectively. Samples packaged in chitosan, PS, 

AgZeO, and nisin containing films had lower TBARS values by 3.69, 1.72, 0.59, and 

0.48 mg/kg, respectively lower than those of samples packed in control alone. The 

pH, color and hardness of the samples were not affected significantly by use of the 

different packaging films. 

 

Therefore, active films containing chitosan or nisin can be suggested as suitable 

packaging materials for chicken drumstick to increase safety and quality. 

 

Key words: Raw chicken drumstick, Chitosan, Nisin, Silver-loaded zeolite, 

Potassium sorbate 



 

ÖZET 

ANTİMİKROBİAL FİLMLERLE PAKETLENMİŞ TAZE TAVUK BUTUNUN 

DEPOLANMA DAYANIKLILIĞI 

 

DİRİCAN, Engin 

Yüksek Lisans Tezi, Gıda  Mühendisliği Bölümü 

Tez Danışmanı: Yrd. Doç. Dr. Çiğdem SOYSAL 

Yardımcı Danışman: Prof. Dr. Sevim KAYA 

Mayıs 2014, 45 sayfa 

 

Antimikrobiyal paketleme gıdaların bozulmasına neden olan mikroorganizmaları ve 

patojenleri etkisiz hale getiren, bozulmaları engelleyen, gıdanın raf ömrünü uzatan 

paketleme sistemidir.  

Bu çalışmada, antimikrobiyal vakum paketlemenin tavuk butlarının dayanımına 

etkisi çalışılmıştır. Bunun için tavuk butları kitosan, nisin, gümüşlenmiş zeolit ve 

potasyum sorbat içeren dört ticari antimikrobiyal filmle vakum altında paketlendi ve 

+4°C’de bir hafta depolandı. Antimikrobiyal filmin etkisini anlamak için tavuk 

butları aynı zamanda katkısız kontrol filmle vakum altında paketlenerek aynı 

şartlarda depolandı. Tavuğun bozulmasında mikrobiyolojik üreme ve yağların 

oksitlenmesi en önemli etkenlerdendir. Bu sebeple depolama sürecinde günlük 

numune alınarak tavukların mikrobiyal (toplam bakteri, toplam koliform ve küf-

maya) sayımları ve 2-tiyobarbitürik asit reaktif maddeleri (TBARS) değerleri, pH, 

renk ve sertlik değişimleri belirlendi.  

Kitosan, nisin, gümüşlenmiş zeolit ve potasyum sorbat içeren antimikrobial filmlerde 

toplam bakteri sayımı, katkısız paketlenmiş kontrol numunesinden sırasıyla 0,99; 

0,97; 0,51; ve 0,06 log daha düşüktür. Ayrıca toplam koliform sayıları da; 0,75; 0,68; 

0,28; 0,25 log daha düşüktür. Toplam küf ve maya değerleri, kitosan, PS, nisin ve 

AgZeO içeren filmlerle paketlenmiş numuneler için sırasıyla 1,02; 0,87, 0,86; ve 

0,25 log düşük bulunmuştur. Kitosan, PS, AgZeO ve nisin içeren filmlerle 

paketlenmiş numuneler kontrole göre sırasıyla 3,69; 1,72; 0,59 ve 0,48 mg/kg daha 

düşük TBARS değerlerine sahiptirler. Numunelerin pH, renk ve sertlik değerleri 

farklı ambalaj filmlerin kullanılmasıyla önemli ölçüde etkilenmedi. 

Bu nedenle, kitosan ya da nisin içeren aktif filmler tavuk butlarının güvenliğini ve 

kalitesini artırmak için uygun ambalaj malzemeleri olarak önerilebilir. 

Anahtar Kelimeler: Tavuk butu, kitosan, nisin, gümüşlenmiş zeolit, potasyum 

sorbat 
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CHAPTER 1 

INTRODUCTION 

Packaging can be identified active when it gives any preferred function in food 

preservation other ensuring inert barrier to outer conditions (Hutton, 2003). Active 

package is a kind of package that changes condition of packaging food to improve 

shelf-life, to increase safety and sensory characteristics that providing quality of 

packaged food (Vermeiren et al., 1999). 

Usually, active packaged food may provide some functions such as scavenging 

oxygen, moisture or ethylene, emission of ethanol, flavors and presenting 

antimicrobial activity (Quintavalla and Vicini, 2002). The aim of adding 

antimicrobials in the food packaging film is to retard spoilage and to lower 

contamination with pathogenic microorganisms. Antimicrobial compounds adding in 

the packaging materials can be configured to quietly release while food 

transportation and storage (Ishitani, 1995). Consequently, microbial quality of food 

products may be drastically advanced and shelf life considerably extended. 

Antimicrobial agent has various activities and affects microorganisms differently. 

These are because of the difference in antimicrobial mechanisms and physiologies of 

microorganisms. Addition of antimicrobial agents into the packaging films is a 

convenient method of obtaining active packages with antimicrobial activity. There 

are studies reported on literature which show effect of antimicrobial agents 

incorporated into film on specific microorganism. Commonly studied agents are: 

nisin (Bari et al., 2005; Pranoto et al., 2005; Economou et al., 2009; Ercolini et al., 

2010; La Storia et al., 2012), chitosan (Chen et al., 1999; Quattara et al., 2000; 

Chounou et al., 2013), potassium sorbate (Weng and Hotchkiss, 1993; Han and 

Floros, 1997; Pranoto et al., 2005), silver substituted zeolite (Ishitani, 1995; Brody et 

al., 2001), triclosan (Cutter, 1999; Vermeiren et al., 2002), and essential oils (Hong 

et al., 2000; Oussalah et al., 2004). 
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Although these antimicrobial packaging materials have antimicrobial activity against 

several individual microorganisms in laboratory conditions, they may lose some of 

their activity due to some reasons; entrapping of the active sites of the antimicrobial 

agents with the other constituents of the film and/or processing conditions 

(temperature etc.) of the packaging substance, that producing such a substance with 

antimicrobial activity has become to be unfeasible. Hence there was a need to check 

their activities on food systems that effectiveness of them has been still uncertain.  

Consumption of poultry meat has risen up in the last two decades; therefore control 

of microbial growth and contamination of chicken carcasses is of important concern 

for the food industry.  Microbial growth which decreases the shelf-life of chicken 

and rises risk of food borne illness happens mainly on surface, because of post-

processing handling; tries that are provided to increase safety and to retard spoilage. 

As a result, improving techniques to increase shelf-life and total full safety/quality 

show main task of poultry processing industry (Economou et al., 2009).  

The purpose of study was to determine effect of various antimicrobial-vacuum 

packaging (chitosan, nisin, PS, and AgZeo containing films) on the storage stability 

of raw chicken drumsticks during refrigerated storage. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1. Food packaging 

2.1.1. History of food packaging 

It is believed that modern food packaging has started in 19
th

 century, finding of 

canning by Nicholas A., Samuel C. Prescott and William L. Underwood worked to 

set up fundamental rules of bacteriology as related to canning processes after 

introduction of food microbiology by Pasteur and colleagues in 19
th

 century (Wilson, 

2007).  

3-peace tin-plated steel cans, glass bottles and wooden crates have been used for 

food and beverage dissemination at the beginning of the 20
th

 century. Lots of 

package innovations used while the interval among World War I and II that contain 

aluminum foil, electrically powered package machinery, plastics like polyethylene, 

polyvinylidene chloride, aseptic package and flexible package. Many of these 

innovations used to protect military foods from excessive condition in places where 

war was happening (Lord, 2008).  

The other important innovations in this century contain active packaging and 

intelligent or smart packaging. Multilayer block plastic cans, microwave suspectors, 

dispensing closures, gas barrier films for main cuts of meat, modified atmosphere 

packaging, are the important examples of developments for ease feature into the 21
st
 

century. In addition, some of these developments are connected with nanotechnology 

that future can lie in development of barrier and structural/mechanical features of 

packaging substances and improvement of sensing technologies (Brody et al., 2008).
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2.1.2. Roles of food packaging 

Main acts of food packaging are to preserve foods from externally effects and 

damage, to include food, to ensure consumers with ingredient and nutritional 

knowledge (Coles, 2003; Robertson, 2006; Marsh and Bugusu, 2007). This function 

includes delay of deterioration, increasing of shelf life and protection of quality and 

safety of packaging food. The secondary roles of the food packaging are traceability, 

convenience and the tamper indication. The aim of the food packaging is to satisfy 

both producer and consumers by including food in cost effective way, sustains safety 

of food and also to make environmental effect minimum.  

Packaging preserves foods from environmental effects like heat, light, moisture, 

oxygen, pressure, microorganism, dirty particles and dusty fragments. Most of these 

factors cause decay of beverages and foods (Marsh and Bugusu, 2007). Extending 

shelf life includes delay of enzymatic, microbial and biochemical reactions through 

different strategies like control of moisture, temperature and removal of oxygen. To 

prevent recontamination exact integration of product, process, packaging and 

transport have play very crucial role (Robertson, 2006).  

2.2. Active packaging 

Active package is a kind of package which is innovative concept developed to 

modify actively the internal environment by continuously interacting with the food 

over the stipulated shelf-life or improves safety or sensory features of product 

(Suppakul et al., 2003).  

Active packaging can modify the environment inside the package, thus altering the 

state of the food system or headspace to improve food quality through improve of 

shelf life, continue of microbial safety or enhancement of sensory qualities (De 

Kruijf et al., 2002; Han, 2003; Suppakul et al., 2003). Due to the increased desire for 

high quality, natural, safe products by humans, the popularity of active packaging has 

increased (Quintavalla and Vicini, 2002; Han, 2003; Cha and Chinnan, 2004; 

Özdemir and Floros, 2004). Today, three groups of active packaging methods used to 

protect and enhance the quality and safety of food which are absorbers, releasing 

systems and other systems. Unpreferred combinations like oxygen, carbon dioxide, 

ethylene, excessive water, etc., are cleaned off by absorbing systems. Packaged 
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substances which include protective adding or emitting active compounds to 

packaged food or onto head-space or packaged by to release systems. The cooling 

and heating packaged substances may be showed as other packaged systems 

(Ahvenainen, 2003).  

2.3. Antimicrobial packaging 

Fresh foods spoil easily because of the presence of intensive and extensive spoilage 

or pathogenic organisms. Antimicrobial agents are related to wide range of industrial 

sectors such as: environmental, food, synthetic textiles, packaged, healthcare, 

medical also structure and decoration. This may be divided in the two kinds as 

organic and inorganic. Compared with inorganic antimicrobial agents, organic 

antimicrobial substances are frequently unstable especially at high temperatures 

and/or pressures. This situation presents potential obstacle for product formulation. 

As a result, inorganic substances such as metal and metal oxides have fascinated a lot 

of attention over past decade because of their capability to withstand harsh process 

conditions (Zhang et al., 2007). 

Antimicrobial packaging is a kind of active packaging (Appendini and Hotchkiss, 

2002). To increase shelf-life and to improve product quality and safety, antimicrobial 

packaging material has to sustain lag phase and decrease growth rate of 

microorganisms.  

The raised request for safe and less processed fresh product have intensified studies 

at the antimicrobial packaging which including antimicrobial agents can be more 

effective. The little movement of agents from packaging material to surface of 

product limited functional effect on food surface. On the other hand, for extended 

periods of time they remain at high concentrations (Quintavalla and Vicini, 2002; 

Pranoto et al., 2005). 
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2.3.1. Types of antimicrobial food packaging 

2.3.1.1. Usage of sachets/pads including volatile antimicrobial agents  

Sachets or pads are the most important and accomplished commercial utilization of 

antimicrobial packaging. They may be enclosed loose or connected to the interior of 

package. There are three types (Appendini and Hotchkiss, 2002):  

-Oxygen absorbers 

-Moisture absorbers 

-Ethanol vapor generators. 

a. Oxygen absorbers: These systems consume oxygen from package headspace and 

oxygen which attends through package wall. For preventing growth of aerobic 

bacteria and molds into dairy and bakery products, oxygen scavenging is an effective 

way (Suppakul et al., 2003). Iron or ascorbic acid was used since they can oxidize 

and consume the available oxygen in the package. Iron powder may decrease the 

oxygen concentration into headspace to smallest than 0.01%. A drawback of iron-

based scavengers is which generally may not pass metal detectors. However ascorbic 

acid, ascorbate salts or catechol may be used as alternative to iron-based absorbers, 

they do not use widely today (Robertson, 2006). 

b. Moisture absorbers: Based on the respiration in horticulture produce, melting of 

ice, temperature fluctuations in food package with high equilibrium relative 

humidity, or drip of tissue fluid from cut meats and produce, liquid water may be 

accumulative in packaging. The main objective of scavenging systems is to decrease 

water activity of package, which prevents the growth of microorganisms on 

foodstuff. In most of foods, such as tomato, cheeses, meats and spices, pouches 

including sodium chloride and desiccant have been successfully utilized for moisture 

control (Suppakul et al., 2003). 

c. Ethanol vapor generators: Since sachets including encapsulated ethanol set free 

its vapor into the packaged headspace in ethanol generating system, it sustains the 

preservative effect into product (Suppakul, 2003). That is only effective in products 
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with low water activity (aw< 0.92), and delays molds in bakery and dried fish 

products (Appendini and Hotchkiss, 2002). 

2.3.1.2. Incorporation of volatile and non-volatile antimicrobial agents directly 

into polymers 

Antimicrobials can be associated into polymers by two manners: 

1. Associated of agents into the polymer. 

2. Associated of antimicrobial materials in the solvents spreading to the surface of 

film. 

Thermal polymer processing techniques, extrusion and injection molding, can be 

used by thermally stable antimicrobials. Solvent compounding can be most suitable 

technique for their associate into polymers for heat sensitive antimicrobials such as 

enzymes and volatile compounds (Appendini and Hotchkiss, 2002). 

Antimicrobial chemicals entered in the packaging substance can be volatile or non-

volatile. If they were non-volatile, antimicrobial packaging substances could touch 

food surface. Antimicrobial agents may spread to the surface in this way. At this 

point, surface properties and diffusion kinetics can be important. Due to the surface 

concentration needed to be sustained at less inhibitory concentration at the food 

surface, the diffusion of antimicrobial from film could happen at appropriate rate. 

Packaged systems set free volatile antimicrobials were improved. They were carbon 

dioxide, sulfur dioxide, allylisothiocyanate and chlorine dioxide which may penetrate 

bulk matrix of food. Polymer cannot want to contact product in this case (Appendini 

and Hotchkiss, 2002). 

2.3.1.3. Coating or adsorbing antimicrobials to polymer surfaces 

Antimicrobial agents are responsive to high temperature cannot be used in polymer 

processing. For this reason, whose are frequently covered on substance after forming 

or to add pouring films. Nisin/methylcellulose coatings applied on polyethylene films 

(Appendini and Hotchkiss, 2002) are examples. Protein has enough improved 
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capacity for adsorption because of their amphiphilic structure. Figure 2.1 indicate 

effect of covering location on diffusion of antimicrobial agents. 

 

Figure 2.1.The effect of the coating location on the diffusion of antimicrobial agents 

2.3.1.4. Immobilization of antimicrobials to polymers by ion or covalent linkages 

The kind of fixing happens with presence of functional groups on both antimicrobial 

and polymer. Peptides, enzymes, polyamines and organic acids are good examples 

for antimicrobials with functional groups. In addition there are many examples of 

polymers used for food packaging that having functional groups. Table 2.1 shows 

antimicrobials which covalently immobilized. 

Table 2.1Antimicrobials covalently/ionically immobilized in polymer supports 

(Appendini and Hotchkiss, 2002). 

Functional support Antimicrobials 

Ionomeric films 

Benomyl 

Benzoyl chloride 

Bacteriocin 

Polystyrene 
Lysozyme 

Synthetic antimicrobial peptides 

Polyvinyl alcohol Lysozyme 

Nylon 6,6 resins Lysozyme 

 



 9 

 

2.3.1.5. Use of polymers that are naturally antimicrobial 

Cationic polymers like chitosan and poly-L-lysine are naturally antimicrobial and 

were used in films and coatings (Appendini and Hotchkiss, 2002). Chitosan was 

confirmed as food ingredient from FDA recently; for this reason, the use of chitosan 

for new product improvement is popular as inherent antimicrobial agent 

(Ahvenainen, 2003). 

Generally, antimicrobial agents combined into plastics one of them is the silver-

substituted zeolite which was improved in Japan. Silver-ions, that inhibit large area 

of metabolic enzymes, have strong antimicrobial activity with wide spectrum. The 

zeolite, that have a lot of its surface atoms replaced by silver, which is laminated as 

thin layer (3–6 mm) on surface of food interact polymer and shows to set free silver 

ions as aqueous solution from food enters the exposed cavities of porous structure 

(Ishitani, 1995).  

There are different antimicrobial agents used to develop antimicrobial packaging in 

different polymer systems. Table 2.2 shows some examples of antimicrobial food 

packaging applications. 

Some of traditional antimicrobial films, many functional groups which get 

antimicrobial activity were immobilized onto surface of polymer films by modified 

chemical techniques to avoid the transfer of antimicrobial materials from the polymer 

to food (Haynie, 1995). 
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Table 2.2 Applications of antimicrobial food packaging (Quintavalla and Vicini, 

2002). 

Antimicrobial agent Packaging material Substrate 

Acetic acid 

 

Chitosan 

Chitosan 

Water 

Bologna, cooked ham, 

pastrami 

Benzoic acid PE-co-MA Culture Media 

Benzoic anhydride LDPE Culture Media 

Sodium benzoate MC/chitosan Culture Media 

p-aminobenzoic acid WPI Culture Media 

Lactic acid Alginate 

Corn zein film 

Lean beef muscle 

Culture Media 

Propionic acid Chitosan Water 

Bologna, cooked ham, 

pastrami 

Sorbic acid WPI Culture Media 

Sorbic acid anhydride PE Culture Media 

Potassium sorbate MC/HPMC/fatty acid 

MC/palmitic acid 

Starch/glycerol 

MC/Chitosan 

LDPE 

Culture Media 

Culture Media 

Culture Media 

Culture Media 

Cheese 

LDPE: Low density polyethylene, MC: Methyl cellulose, HPMC: Hydroxypropyl 

MC, PE: Polyethylene, MA: Methacrylic acid, WPI: Whey protein isolate. 
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2.5. Shelf life of chicken meat 

Especially in developing countries like Turkey, chickens ensure nutrition for the 

family, a small cash flow reserve for times of celebrations or need and in some areas 

contribute to religious ceremonies and recreation (Roberts, 1995). As a result of this, 

chicken meat largely consumed in the world, so that shelf life of the chicken meat is 

very important.  

Since the chicken meat is one of the most consumed poultry meat in the world, the 

procedures applied in the production, packaging, storage and market distribution of 

meat products have to insure their hygienic quality and health safety until the expire 

date that should be properly and visibly indicated on each package. To observe the 

manufacturer's instructions relative to storage conditions is very important in retail 

trade. According to the literature it is well known and practice that poultry meat is 

liable to quick deterioration when kept under inadequate storage conditions (Wang et 

al., 2004). As a result, poultry meat and meat products are main reason of alimentary 

infections. Since poultry meat isn't consumed raw, epidemics occur as the result of 

secondary contamination in the course of production, storage or preparation (Mulder, 

1999; Kozačinski et al., 2012).  

The microflora of poultry is transferred from the primary production areas to 

production lines and even further, by subsequent contamination. The results of the 

previous studies about etiology of food poisoning indicated that contamination with 

pathogenic bacteria primarily refers to Salmonella spp., Campylobacter spp., 

Staphylococcus spp., Listeria spp., then Yersinia enterocolitica, Escherichia coli and 

Clostridium perfringens (Kozačinski et al., 2012). 

Prolonging the shelf life of poultry products are the main relate for the poultry 

industry. The shelf life of poultry relates on various parameters, mostly primary 

bacterial loads, storage temperature and gaseous environment around the product 

(Wang et al., 2004). Thus, any method that should control these elements can be the 

key for the increase of shelf life of poultry products.  

The most of the studies were involved in chicken breast, since the breast meat and 

the leg meat have some differences; in this study raw chicken drumstick has been 
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studied. Another point of the study was to present the applicability of the packaging 

films produced in industrial scale.  

2.6. Antimicrobials Used in the Study 

2.6.1. Chitosan 

For preserving the quality and safety of foods for assuring shelf-life extension, 

packaging is very important. The non-biodegradability of much synthetic polymer 

based packaging, also increased environmental relate by consumers and government 

bodies, has paved the way for different approaches. That situation has led to focus on 

packaging substances obtained from inherently happening polymers (Koide, 1998). 

Chitin and its main derivative chitosan are between the novel families of biological 

macromolecules. Chitin, chitosan and derivatives used in lots of area. Potential and 

regular applications of chitin and chitosan are calculated to more than 200 (Kumar, 

2000). This large area of applications includes food, biotechnology, biomedicine, 

agriculture, cosmetics, etc.  

Chitosan is a linear polysaccharide derived from crustacean chitin and composed of 

randomly distributed glucosamine and N-acetylated glucosamine (acetylamino-2-

deoxy-D-glucopyranose) units linked by β-(1-4) glycoside bonds (Figure 2.2). While 

chitin is broadly acetylated, chitosan comply with deacetylated form (Koide, 1998). 

Chitin and chitosan are also biodegradable, bioresorbable and chitosan exhibits 

bioactive features either in its polymeric or oligomeric form (Begin and Van 

Calsteren, 1996; Tsai et al., 2000; Coma, 2002; Coma et al., 2003). Chitosan binds to 

negatively charged molecules like fats and lipids because of its positive charge on 

amino group in acidic conditions (Jumaa and Müller, 1999; Muzzarelli et al., 2000). 

So that its capability to form active edible or biodegradable films (Arai et al., 1968), 

chitosan coating may be expected to restrict prime contamination onto food surfaces 

and reduce environmental effect. 
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Figure 2.2. Chemical structure of 100% acetylated chitin (A) and chitosan (B). 

The preparing process of chitin and chitosan from raw material is shown in Figure 

2.3. 

 

Figure 2.3. Preparing process of chitin and chitosan from raw material 
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2.6.2. Nisin 

Food spoilage generally begins on food surfaces because of presence and growth of 

pathogenic or spoilage organism. For preserving food surfaces from spoilage, 

frequently antimicrobial materials incorporated by dipping, dusting and spraying 

(Hotchkiss, 1995; Nicholson, 1998). However, incorporated antimicrobial substances 

show loss in antimicrobial activity because of decrease of active concentration, 

resulting from to contact with food components and diluted diffusion in the bulk 

foods (Greer, 1982). To overcome these problems, controlled release of antimicrobial 

agents from food packaging substances to the food surface have been attempted 

(Vojdani and Torres, 1990).  

Nisin (Figure 2.4) is a bacteriocin produced by Lactococcus lactis. It has big 

potential for application in antimicrobial packaging (Cutter and Siragusa, 1997; 

Nicholson, 1998). Nisin is a natural antimicrobial agent; due to this situation it may 

endure activity loss during thermal processing and exhibition to acidic environments 

that plays a great role for adding in food packaging substance.  

The convenience of nisin as a food preservative linked with below properties:  

-Nisin is non-toxic, produces strains of L. lactis are regarded as safe. 

-Nisin is not used clinically. 

-There is no apparent cross-resistance in bacteria which can effect antibiotic 

therapeutics 

-Nisin is fastly digested. 

Nisin was sold under the trade name of Nisaplin. It includes about 2.5% nisin, the 

balance containing of milk and milk solids obtained from fermentation of modified 

milk medium by nisin producing strains of L. lactis since 1953. The product is 

standardized to an activity of one million international units per gram.  
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Figure 2.4. The chemical structure of Nisin 

2.6.3. Potassium sorbate 

Potassium sorbate is a chemical that when dissolved in water ionizes to form sorbic 

acid (Wine Lab, 2000), which is effective against yeasts, molds, and selective 

bacteria. Potassium sorbate is mainly used as preventatives in food which may keep 

effectively activity of mould, yeast and aerophile bacteria. Restrain growth and 

reproduction of pernicious microorganisms like Pseudomonas, Staphylococcus and 

Salmonella action to keep growth is more powerful than killing. The preservative 

efficiency of sorbic acid (potassium sorbate) is 5-10 times of sodium benzoate. 

Potassium Sorbate is one type of non saturated fatty acid compounds. It may be 

absorbed by human body fastly, and then transferred into CO2 and H2O, further no 

remaining in body. 

2.6.4. Silver-loaded zeolite 

The discovery of zeolites dates back to the 18th century (Bozoğlu, 2010). They were 

first discovered in 1756 by a Cronstedt, who named them from two Greek words for 

‘boiling stone’ (‘zein’–boiling and ‘lithos’–stone) (Breck, 1974; Thompson, 1998). 

Following their discovery zeolites were found to be characterized by the following 

properties (Van Bekkum, 2001):  

-Catalytic properties;  

-High hydration properties;  
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-Stable crystal structure when dehydrated;  

-Low density and high void volume when dehydrated;  

-Cation exchange and sorption properties. 

Zeolites are crystalline hydrated alumino silicates whose framework structure 

consists of cavities or pores that are occupied by cautions or water molecules. Both 

the caution and the water molecule have considerable freedom of movements and 

this permits ion exchange and reversible dehydration (Occelli and Kessler, 1997). 

The zeolite structure is made up of a central atom commonly silicon or aluminum 

surrounded by four oxygen atoms (Figure 2.5).   

 

  A           B  

Figure 2.5. Tetrahedra framework structure of zeolites (lwww.bza.org/zeolites.html) 

To generate antimicrobial properties silver has been used in different polymers. 

Many commercial filler like zirconium phosphate, titanium dioxide and some 

zeolites were used as silver carriers. From these, silver-loaded zeolites are one of the 

most frequently used antimicrobial additives in food packaging substances (Sanchez-

Valdes, 2011).  
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CHAPTER 3 

METERIALS AND METHODS 

3.1. Materials 

Antimicrobial packaging films used in the study (containing chitosan, nisin, PS and 

the AgZeO) were obtained commercially from Naksan Plastic Company, Turkey. 

Raw chicken drumsticks were obtained from a national chicken meat producer. All 

used chemicals were reagent grade. 

3.2. Packaging and Storage of Raw Chicken Drumsticks 

Fresh chicken drumsticks were transferred to chilled conditions to the laboratory and 

stored under refrigeration at 4°C. All raw chicken drumsticks were collected from the 

same batch at the plant, with all of them supplied from the same farm. Fresh raw 

chicken drumsticks were packaged under vacuum with each of antimicrobial film. 

In addition raw chicken drumsticks were packed with control films without additive 

under vacuum and stored at the same conditions to compare the effect of 

antimicrobial packaging. Samples were taken daily and their microbiological 

analysis (total aerobic bacteria, total coliform and total mold and yeasts), TBARS 

(thiobarbituric acid reactive substances) values, changes in pH, color and hardness 

values were determined during storage period.  

Samples for the antimicrobial and control films were taken 0, 1, 2, 3, 4, and 6
th

 days 

of storage and after removal of the films. Three replicates of samples for each storage 

day were taken and analyzed at 4°C for a week. 
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3.3. Microbiological Analysis 

3.3.1. Preparation of media and solutions 

Potato dextrose agar (PDA) was prepared for mold and yeast count. Nutrient Agar 

(NA) was prepared for total aerobic mesophilic plate count (APC). Violet red bile 

agar (VRBA) was prepared for total coliform count. 

All agar media were sterilized in an autoclave at 121°C for 15-20 min. And then they 

were poured into sterile petri dishes under the septic condition. 

Peptone water is used for sample and dilution waters. Peptone was readily powdered 

for mixing with distilled water and it was weighed on sensitive balance 0.1% peptone 

water was used during preparation of dilution waters, culture solution and 

preparation of sample waters. Simply 1 g of peptone powder was mixed with 1000 

ml of distilled water in a clean balloon, then distributed to bottles and test tubes in 

required amount and sterilized at 121°C for 20 min in an autoclave. 

Dilution water is used for diluting the sample of food products that is expected to 

include microorganisms in it. In order to prepare sterile dilution water, first of 9 ml  

0.1% peptone water was put into test tubes in aseptic conditions and mouths of tubes 

were closed by the lids. Which were sterilized in autoclave at 121°C for 20 min. Test 

tubes were stored at refrigerator for further use. For homogenization of solid food 

samples 225 ml 0.1% peptone water was poured into 250 ml flask, a magnetic stirrer 

rod was put into the flask too and the mouths of flasks were closed by cotton and 

aluminum foil and tied. After closing flasks, they were sterilized in autoclave at 

121°C for 20 min. Flasks were stored in the refrigerator for further use. 

3.3.2. Sampling and Analysis 

25 g of raw chicken drumsticks sample was weighed aseptically, transported to a 

flask including 225 mL of sterile water and stirred for 15 min at room temperature. 

For microbial enumerations, 0.2 mL samples of serial dilutions were diffused on the 

surface of dry media. Total aerobic mesophilic plate count (APC) was determined 

using NA after incubation at 37°C for 2 days.  
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Total mold and yeast count was determined by PDA after incubation at 25°C for 5 

days.  

For total coliform, 0.2 mL sample was inoculated into VRBA and incubated at 37°C 

for 2 days. Big purple colonies of haloes were counted. Total plates were examined 

visually for similar colony kinds and morphological properties incorporated with 

each growth medium.  

Microbiological data are displayed as a logarithm of colony forming units per gram 

of sample (log cfu/g) (Hasapidou and Savvaidis, 2011).  

3.4. Chemical Analysis 

Chicken drumstick samples (10 g) were homogenized thoroughly with 90 mL 

distilled water and pH of homogenate was determined by pH meter (Chounou et al., 

2013).  

TBARS values of chicken samples were defined using spectrophotometric method 

(Bozkurt, 2006). 2 g of samples were taken and TBARS was extracted twice with 10 

mL of 0.4 M perchloric acid. The extract was diluted to 25 mL with 0.4 M perchloric 

acid. The extracted solution was centrifuged for 5 min at 1790×g. After 

centrifugation, 1mL of extract was poured into glass stoppered test tube, 5 mL of 

TBA reagent was added and the mixture was heated in boiling water-bath for 35 min. 

After cooling the tube in tap water, the absorbance of the sample was read against the 

appropriate blank at 538 nm. A calibration curve was prepared by malondialehyde 

(MDA). TBARS value was displayed as mg of MDA/kg sample. 

3.5. Physical Analysis 

Color of the samples was measured by Hunter lab Colour Flex (A60-1010-615 

Model Calorimeter, Hunter lab, Reston, VA). The instrument was standardized each 

time with a white and black ceramic plate (L0 = 93.01, a0 = -1.11 and b0 = 1.27). The 

changes in skin color (Hunter L*, a* and b*) of the drumsticks packed with active 

and control films were determined from the same areas of the samples after removal 

of the films, in all measurements (Bozkurt, 2006).  
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Hardness values of the samples were determined by TA-XT2 Texture analyzer 

(Texture Technologies Corp., Scarsdale, NY/Stable Microsystems, Godalming, UK). 

A needle (1.8 mm in diameter) probe was used to measure the hardness of the meat. 

Hardness of samples was recorded after penetration of the needle to a depth of 5 mm 

sample at speed of 1 mm/s. Data collection and calculation were done by Texture 

Expert Exceed Version 2 V3 (Stable Micro Systems, 1998). The hardness values 

were given as the mean of six measurements and expressed as Newton (N). All 

hardness values were determined from the same points of the samples. 

3.6. Statistical Analyses 

Analysis of Variance (ANOVA) was performed for each response (mold and yeast 

count, APC, total coliform count, pH, TBARS, L*, a*, b*, and hardness) to 

determine significant differences using the SPSS version 16.0 (SPSS Inc., Chicago, 

IL, USA). Duncan’s multiple range tests were also carried out to distinguish 

examined groups.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

In the experiment, major modes of deterioration parameters (microbial, chemical and 

physical changes) were followed for the evaluation of the applicability of active 

packaging on storage of chicken drumsticks.  

4.1. Microbiological Results 

APC, total coliform and mold and yeast counts for the chicken drumstick samples 

packed with five different films were determined as a function of storage time. These 

analyses are used in poultry industries as general indicators of processing hygiene, 

storage quality and potential shelf-life.  

 

Changes in APC (log cfu/g) in chicken drumstick packaged with the active and 

control films during the 6 days of storage at 4°C are shown in Figure 4.1. Chicken 

drumsticks packaged with active films had lower (P<0.05) APC than the sample 

packed with control films. APC of all samples increased (P<0.05) during storage and 

at the end of storage period, APC of samples ranged from 4.69 to 5.73 log cfu/g. 

Similar results were reported by Kim and Marshall (1999) that APC in chicken 

drumsticks increased to about 6 log cfu/g after 6 days of storage at 4°C. In our 

samples, increase in APC packed with chitosan was about 0.5 log cfu/g whereas 1.54 

log cfu/g in control films during storage period. The increase in APC values were 

very low when compared with the data reported by Del Rio et al. (2007) in which 6 

log cfu/g increase in APC of chicken drumstick samples (from about 3.20 to 9.20 log 

cfu/g) after 5 days of storage at 3°C. Cox et al. (1998) reported that spoilage of 

poultry generally occurs when total APC exceed 7 log cfu/g. In this study, after 6 

days of storage APC of all drumsticks samples were lower than 6 log cfu/g.
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Figure 4.1.Total aerobic bacteria counts of samples 

 

Changes in total coliform count in chicken drumstick packaged with control and 

active films are shown in Figure 4.2. During the storage period, changes in total 

coliform count was statistically different (P<0.05) in all samples. Total coliform 

count increased (P<0.05) during the 6 days of storage period at 4°C from 3.19 log 

cfu/g to the counts ranging from 3.74 to 4.59 log cfu/g. Similar results were also 

reported in the literature. Kim and Marshall (1999) observed that total coliform count 

was increased in chicken drumsticks during the storage periods. Del Rio et al. (2007) 

found that total coliform count increased from about 2.10 log cfu/g to about 7 log 

cfu/g during the storage of 5 days at 3°C. In our study, the increment rate of total 

coliform count was lower (as about 1.4 log cfu/g) than the results of Del Rio et al. 

(2007). Álvarez-Astorga et al. (2002) found that contamination level of drumsticks 

with coliforms was around 3.56 log cfu/g. They also reported that levels of coliforms 

in chicken skin varied between 2.7 log cfu/g and 4.9 log cfu/g. No reduction of E. 
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coli cells was observed in LDPE film containing chitosan polymer or oligomer, in a 

cast corn zein film containing lysozyme, and in a LDPE film coated with nisin. 

 

In our study, use of active films containing chitosan and nisin decreased (P<0.05) 

total coliform count of chicken drumstick when compared with the control sample. 

The lowest (P<0.05) total coliform count was observed in the chicken drumstick 

packed with chitosan whereas the highest (P<0.05) in chicken drumstick packed with 

control. 
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Figure 4.2.Total coliform counts of samples 

One-way ANOVA showed that mold and yeast counts were affected from both 

storage time and incorporation of antimicrobial agents into the plastic films. Mold 

and yeast count increased (P<0.05) from 5.49 to the counts ranging from 5.81 to 6.87 

log cfu/g after 6 days of storage. Difference in mold and yeast counts of the samples 

packed with antimicrobial (except AgZeO film) and control films was observed after 

the 1
st
 day of storage. However, the difference became more pronounced after 2 
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days. As shown in Figure 4.3, the drumsticks packed with active films had lower 

(P<0.05) mold and yeast counts than those with control films. Increment rate of mold 

and yeast count during the storage periods was the highest in drumstick packed with 

control film whereas; it was the lowest in the samples packed with chitosan film.  
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Figure 4.3. Mold and yeast counts of samples 

Mold and yeast counts in drumstick packed with nisin and PS were not statistically 

different (P>0.05) after 1
st
 day of storage period. As a result, samples packaged with 

antimicrobial agents especially with chitosan, nisin and PS had low mold and yeast 

count after 6 days of storage. The efficiency of using chitosan incorporated 

polyethylene extruded films on the inhibition of the radial growth of Aspergilla niger 

had been reported by Martínez-Camacho et al. (2013). There are conflicting results 

in the literature about the activity of PS that some reports suggesting incorporation of 

PS into polyethylene films (0.4-mm thick) lowered the growth rate of mold and 

yeast. Some authors expressed that using low density polyethylene films (0.05-μm 

thick) containing 1.0 % w/w sorbic acid were unable to suppress mold growth. 
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Moreover, ethylene vinyl alcohol/linear low-density polyethylene (EVA/LLDPE) 

film (70 mm thick) impregnated with 5.0% w/w PS was unable to inhibit the growth 

of microorganisms on cheese to extend its shelf life. Therefore, it is clear that the 

effect of the agents was strictly related with the presence of other components in the 

film material and the composition of them. Since the films used in this study 

produced industrially and it was possible to say that these antimicrobials chitosan, 

nisin and PS, and the vacuum presenting a depressing effect on the mold and yeast 

growth. 

 

The complexity of the microbial flora in chicken drumsticks makes it difficult to 

reduce microbial growth by incorporation of natural antimicrobials into films. 

However, the results of the present study indicated that active films have an 

inhibitory effect on microbial growth in chicken drumstick (Table 4.1) when 

compared with the control. Table 4.1 shows the number of microorganisms 

decreased in the log cfu/g by use of active films after 6 days of storage.  As shown 

from Table 4.1, chitosan was the most effective active film on the APC, total 

coliform and mold and yeast counts. APC and total coliform had similar sensitivities 

to active films in the order of chitosan>nisin>AgZeO>PS after 6 days. The number 

of APC (5.73 log cfu/g) reduced by 0.06 to 0.99 log cfu/g and the number of total 

coliform (4.57 log cfu/g) reduced by 0.25 to 0.75 log cfu/g.  Effect of active films on 

mold and yeast counts was in the order of chitosan>PS>nisin>AgZeOfor 6 days. The 

number of mold and yeast (6.86 log cfu/g) decreased by 0.25 to 1.02 log cfu/g at 4°C 

in 6 days. 

 

Table 4.1.Reduction in microbial counts (in log cfu/g) of samples packed with active 

films compared to control sample after 6 days of storage. 

 Chitosan±SE Nisin±SE PS±SE AgZeo±SE P value 

APC  0.99±0.009 0.97±0.019 0.06±0.060 0.51±0.024 <0.01 

Mold and 

yeast 

1.02±0.009 0.86±0.020 0.87±0.004 0.25±0.030 <0.01 

Total coliform 0.75±0.104 0.68±0.047 0.25±0.163 0.28±0.118 <0.05 
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4.2. Chemical Changes 

It was observed that there was not any significant difference between the pH values 

of the samples during the storage period (Table 4.2). The change in pH was higher in 

control from 6.71 to 6.29 during the studying period than those of the other samples 

as on the average from 6.62 to 6.58. 

 

Initial TBARS value of the drumstick was 1.35 mg/kg sample. The proposed limit 

for TBARS value in the meat products is 2 mg/kg above which rancid off-flavors 

become sensorially detectible. After 2 days of storage, the TBARS values of the 

samples packed using chitosan films were much lower than those of other samples 

(Figure 4.4). Although an increasing trend of TBARS values of the all samples were 

detected, there was no significant difference between the control samples and the 

samples packed with chitosan and AgZeo, up to 2 days (p<0.05). TBARS values of 

the all samples packaged with active films were lower and significantly different 

than those of the control films at the fourth day of the storage. Except samples 

packed with chitosan, all other samples exceeded the limit. The higher susceptibility 

of drumstick meat towards oxidation has been explained by the higher absolute 

content of polyunsaturated fatty acids in this muscle. Even after 6 days of storage, 

chitosan was found to be the best packaging film for the drumsticks in terms of lipid 

oxidation. TBARS values of control samples decreased after reaching a maximum 

value. This pattern, which has been observed by other researchers, has been 

attributed to initial formation of malonaldehyde and its possible decomposition 

during later stages of storage or its reaction with proteins through a Maillard-type 

reaction. However, increasing trend of TBARS for samples packed with nisin, PS, 

and chitosan films were approximately constant up to 6 days storage, there was no 

difference (P>0.05) at the sixth day of storage, except samples packed with chitosan 

films. Thus, chitosan incorporation might be more helpful to descend the lipid 

oxidation of the drumsticks during the storage period. The above results are in 

agreement with those of Georgantelis et al. (2007) who reported a reduction in 

TBARS values for pork sausages by 73% for samples containing 1% chitosan (0.25 

mg MDA/kg) as compared to control samples (0.96 mg MDA/kg after 10 days of 
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storage at 4°C). Darmadji and Izumimoto (1994) reported that TBARS values of beef 

containing 1% chitosan remained unchanged after 10 days of storage at 4°C (0.5 mg 

MDA/kg), whereas respective values of control samples increased sharply.  

 

Since the lipid oxidation is a major quality deteriorative process in muscle foods 

resulting in a variety of breakdown products which produce undesirable off-odors 

and flavors, it is possible to state that for this aspect chitosan was the best 

antimicrobial-antioxidant agent for preparation of the active packaging film for 

chicken drumstick with the application of vacuum which was also helpful to descent 

the oxidation reaction.  
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 Figure 4.4.TBARS values of samples 
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4.3. Physical Changes 

The changes in skin color (Hunter L*, a* and b*) and texture of chicken drumsticks 

were determined during storage period.  

 

It was observed that all active packed samples represented a decreasing trend for L* 

values of the sample packed with PS which then increased to a maximum value 

(Table 4.2). However, it was possible to state that there was no any significant 

change in L*-values of all samples (p>0.05). This finding is in agreement with 

results of Mexis et al. (2012) obtained for color parameters of antioxidant added 

chicken meat. They reported that L*, a* and b* color parameter values of the 

samples remained unaffected (p > 0.05) as a function of storage time for samples 

containing the citrus extract and/or O2 absorber. Sante and Lacourt (1994) suggested 

that application of vacuum protected the color of the samples due to the low rate of 

myoglobin oxidation. Similarly Chouliara et al. (2007) reported a decrease in L* 

values in chicken breast meat as a function of storage time in samples containing 

oregano oil. Hunter a* and b*values are given in Table 4.2. It has been detected that 

the redness (a*) and yellowness (b*) of the samples packed with control films had 

the lowest value. Use of active films improved the surface color of the chicken 

drumstick during studied storage period. 

 

It was possible to state that the incorporation of the antimicrobial agents into the 

films and storage time affect (p<0.05) the hardness value (Table 4.2). The hardness 

values of the samples packed with chitosan and AgZeO were not different from each 

other (p>0.05). The change in the hardness values was the highest (p<0.05) for the 

samples packed with control film whereas the lowest was with the PS film. There 

was a significant difference (p<0.05) between the samples packed with all activated 

films and control film up to 4
th

 days of storage (except PS film). However hardness 

value of PS films was not affected with the storage while the other films affected 

significantly.  
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Table 4.2. Changes in physical characteristics (pH, color and hardness) of chicken 

drumsticks packaged with active and control films. 

 

Property Time (d) Chitosan±SE Nisin±SE PS1±SE AgZeo2±SE Control±SE 

pH       

 0.00 6.74±0.18aA 6.74±0.18aA 6.74±0.18aA 6.74±0.18aA 6.74±0.18aA 

 1.00 6.61±0.18aA 6.73±0.18aA 6.47±0.17aA 6.67±0.18aA 6.72±0.19aA 

 2.00 6.48±0.19aA 6.74±0.19aA 6.65±0.20aA 6.80±0.19aA 6.56±0.18aA 

 3.00 6.65±0.17aA 6.52±0.19aA 6.55±0.19aA 6.73±0.18aA 6.60±0.18aA 

 4.00 6.79±0.19aA 6.65±0.19aA 6.67±0.19aA 6.75±0.19aA 6.67±0.18aA 

 6.00 6.63±0.20aA 6.42±0.18aA 6.64±0.19aA 6.75±0.19aA 6.41±0.19aA 

L*-value       

 

0.00 76.60±1.00abA 76.60±1.00aA 76.60±.00abA 76.60±1.00aA 76.60±1.00abA 

1.00 74.09±0.86acA 75.30±1.43abcA 74.43±0.39abA 75.91±0.68abA 73.68±1.36bA 

2.00 71.95±2.30cA 72.42±0.70bA 74.12±1.23aA 73.18±0.89cA 74.82±1.04abA 

3.00 79.79±0.77bA 76.21±0.74aAB 74.63±1.39abB 76.31±0.45abAB 75.52±1.76abB 

4.00 72.33±0.95acA 77.42±0.32aBC 75.96±1.02abBC 74.81±0.78abAB 78.88±1.47bC 

6.00 74.93±1.26acAB 74.29±1.03abB 77.66±0.58bB 73.86±0.83bA 75.79±0.38abAB 

a*-value       

 

0.00 3.64±0.27abA 3.64±0.27abA 3.64±0.27aA 3.64±0.27aA 3.64±0.27aA 

1.00 4.12±0.46abA 4.01±0.35abcA 5.21±0.21aA 3.60±0.22bA 4.65±0.27aA 

2.00 4.13±0.91abA 4.67±0.26abcA 4.04±0.36aA 4.18±0.36abcA 4.92±0.32aA 

3.00 3.31±0.15aA 5.10±0.36bB 3.85±0.09aAB 4.0±0.07abAB 3.27±0.76aA 

4.00 5.37±0.25bA 3.44±0.65aB 4.87±0.39aA 4.96±0.30bA 3.15±0.54aB 

6.00 3.93±0.87abA 4.98±0.57bA 4.22±0.50aA 5.13±0.47cA 4.20±0.97aA 

b*-value       

 

0.00 11.22±0.27aA 11.22±0.27abA 11.22±0.27abA 11.22±0.27aA 11.22±0.27aA 

1.00 9.08±0.70abA 8.81±0.22bAB 8.34±0.69cdAB 6.99±0.58bB 8.48±0.50abAB 

2.00 7.82±0.69bA 7.87±0.75bA 10.25±0.79acAB 10.20±0.58acAB 12.09±0.97aB 

3.00 8.27±0.42abAB 13.18±0.26aC 7.20±0.34cAB 9.65±0.84abcBC 4.59±1.16bA 

4.00 8.49±0.92abA 7.93±0.16bA 8.80±0.58acdA 8.39±0.83bcA 9.36±0.79aA 

6.00 8.65±0.46abAB 13.67±0.23aC 12.93±0.84bC 11.57±0.78aBC 7.87±1.58abA 

Hardness (N)      

 

0.00 2.71±0.08aA 2.71±0.08aA 2.71±0.08aA 2.71±0.08aA 2.71±0.08aA 

1.00 3.28±0.09bA 4.58±0.13bB 2.74±0.08aC 3.22±0.08bA 6.49±0.19bD 

2.00 3.23±0.09bcA 3.75±0.11cB 2.72±0.08aC 3.94±0.11cBD 4.20±0.12cD 

3.00 3.17±0.09bcA 2.20±0.06dB 2.64±0.13aC 3.35±0.10bA 3.80±0.11dD 

4.00 2.40±0.07dA 2.04±0.06dB 1.90±0.05bB 2.34±0.07dA 2.69±0.08aD 

6.00 2.99±0.09cA 3.32±0.10eB 2.32±0.07cC 2.78±0.08aA 2.46±0.07bC 

1
PS: potasyumsorbate, 

2
AgZeo: silver substituted zeolite. 

Different capital letters indicate a statistical difference at á = 0.05 level in hardness values of each 

packaging system at each time. 

Different lower-case letters indicate statistical difference at á =0.05 level in hardness value in storage 

time for each packaging system. 
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4.4. Effect of film type on the quality parameters of the drumsticks at the end of 

storage 

At the end of storage, total aerobic bacteria, mold and yeast and total coliform counts 

of samples packed with active films were lower than the sample packed with control 

(Figure 4.5).  

These results show that the antimicrobial packaging materials suppressed the growth 

of microorganisms. The highest value was found in control packed sample at the end 

of storage. However the lower value was found in chitosan-packed sample at the end 

of storage.  

  

Figure 4.5. Total aerobic bacteria count, Mold and Yeast count and Total coliform 

count values of samples at the end of storage 
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At the 6
th

 day of storage, APC of samples packaged with nisin and chitosan films 

were not statistically different (P>0.05), but they had lower (P<0.05) APC than the 

other samples. Similar results were also found by Siragusa et al. (1999) and Park et 

al. (2010). Siragusa et al. (1999) highlighted the incorporation of nisin into low 

density polyethylene (LDPE) film for controlling food spoilage and enhancing 

product safety. Since nisin, bacteriocin, inhibits gram-positive food borne pathogens 

and spoilage microorganisms. Park et al. (2010) observed that chitosan could be 

released from LDPE films to inhibit bacterial growth. Also, they found that higher 

chitosan concentrations (1.4%) inhibited both gram positive and gram negative 

bacteria. The antibacterial property of chitosan is well known and its most accepted 

microbial inhibition mechanism is the interaction of positively charged chitosan with 

negatively charged residues on the cell surface of many fungi and bacteria, causing 

extensive cell surface alterations and altering cell permeability. 

When pH values of samples at the end of storage were compared it was observed that 

there was not any important difference between the samples (Figure 4.6). It was 

examined that the pH value of packed samples with chitosan at the end of the storage 

was 6.63, with nisin 6.43, with PS  6.64, with AgZeo 6.75 and with control 6.41.The 

highest pH value was found in AgZeo packed sample and lowest pH value was found 

in control packed sample at the end of storage. 

Mean TBARS values of samples at the end of the storage packed with chitosan was 

2.34, with Nisin was 5.54, with PS was 4.30, with AgZeo was 5.43 and with control 

was 6.21 at the end of storage. It was observed that all antimicrobial packaged 

samples had lower TBARS value than the control sample at the end of storage 

(Figure 4.7). 

As shown from Figure 4.7, highest TBARS value was observed for the chicken 

drumstick packed with control film without additive and lowest TBARS value was 

observed with chitosan film. This could be due to the antioxidant effect of chitosan. 
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Figure 4.6. pH values of samples at the end of the storage 

 

 

Figure 4.7. TBARS values of samples at the end of the storage 
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Figure 4.8 indicates effect of antimicrobial packaging on color parameters of 

samples. At the end of the storage period, it was observed that L*, a* and b* values 

are quite close to each other in all samples.  

L*-value of sample packed with PS-containing film was found to be the highest and 

with AgZeo-containing film to be the lowest. Sample packed with AgZeo-containing 

film had highest a*-value and that of chitosan-containing film had lowest. b*-value 

was found to be the highest in sample packed with nisin-containing film and control 

sample to be lowest. 

  

Figure 4.8. Color values of samples at the end of the storage 

 

At the end of the storage period, it was observed that the mean hardness value in the 

antimicrobial packaging sample with AgZeo was 2.78, with chitosan was 2.99, with 

nisin was 3.32 and with PS was 2,32. However the hardness value in control was 

found as 2,46 (Figure 4.9).  

 

 



 34 

  

Figure 4.9. Hardness (N) values of samples at the end of storage 
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CONCLUSION 

In this study, it was indicated that levels of APC, total coliform and mold and yeasts 

in raw chicken drumsticks could be reduced by use of antimicrobial films under 

vacuum. Of the antimicrobial agents examined in this study, chitosan was the most 

effective agent compared to the other agents tested. Efficiency of antimicrobial films 

on APC and total coliform was in the order of chitosan>nisin>AgZeo>PS, and on 

mold and yeasts was in the order of chitosan>PS>nisin>AgZeO at 4°C within 6 days.  

Addition to the microbiological results, use of antimicrobial films protected the 

physical, chemical and safety parameters of raw chicken drumsticks compared to 

control samples. The results of this study may be useful for the selection of the 

suitable antimicrobial packaging for raw chicken drumsticks.  

TBARS values found were lower than the values given in literature at the studied 

temperature since vacuum has been applied to all packaging types and some of the 

agents incorporated into packaging system having antioxidant property like chitosan.  

Application of vacuum with addition of chitosan protected the color values more 

than other agents because chitosan has antioxidant activity more than others. 

Antimicrobial agent containing packaging systems improved the red color of the 

samples during studied storage period related to the surface color of the drumsticks. 

The incorporation of the antimicrobial agents into polyethylene films did not cause 

any important changes in the hardness values of the samples. 

The results of this study indicated that use of antimicrobial package increase stability 

of raw chicken drumsticks at +4°C. 
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