
 

T.C. 

ALANYA ALAADDIN KEYKUBAT UNIVERSITY 

GRADUATE SCHOOL OF EDUCATION 

DEPARTMENT OF FOOD ENGINEERING 

 

DEVELOPMENT OF A 3D PRINTED ACTIVE FOOD PACKAGING TO 

EXTEND SHELF LIFE OF A TRADITIONAL TURKISH DESSERT, 

AŞURE 

 

 

Master of Science 

 

 

Evrim AKTURK 

 

 

 

Thesis Advisor 

Associate Professor Sinan UZUNLU 

 

 

 

 

 

 

ALANYA 

2025 



T.C. 

ALANYA ALAADDIN KEYKUBAT UNIVERSITY 

GRADUATE SCHOOL OF EDUCATION 

DEPARTMENT OF FOOD ENGINEERING 

 

DEVELOPMENT OF A 3D PRINTED ACTIVE FOOD PACKAGING TO 

EXTEND SHELF LIFE OF A TRADITIONAL TURKISH DESSERT, 

AŞURE 

 

 

Master of Science 

 

 

 

Evrim AKTURK 

Department of Food Engineering 

Food Engineering (MSc) (Thesis) (English) 

 

 

 

Thesis Advisor 

Associate Professor Sinan UZUNLU 

 

 

This thesis work has been supported within the scope of Project No. 2024-

02-09-LTP02, approved by the Scientific Research Projects Commission (if the 

Thesis Work has been supported by the Scientific Research Projects 

Commission). 

 

 

 

ALANYA 

2025 



i 
 

JÜRİ VE ENSTİTÜ ONAYI 

 Evrim AKTÜRK’ün “Development of a 3D Printed Active Food Packaging to Extend the 

Shelf Life of a Traditional Turkish Dessert, Aşure” başlıklı tezi 21/04/2025 tarihinde 

aşağıdaki jüri tarafından değerlendirilerek “Alanya Alaaddin Keykubat Üniversitesi 

Lisansüstü Eğitim-Öğretim Yönetmeliği”nin ilgili maddeleri uyarınca, Gıda 

Mühendisliği Anabilim Dalında Yüksek Lisans tezi olarak oy birliği/oy çokluğu ile kabul 

edilmiştir. 

 

   Unvanı-Adı Soyadı         İmza 

Üye (Tez Danışmanı) : ......................................................... ....................... 

Üye  : .........................................................   ....................... 

Üye  : ......................................................... ....................... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii 
 

DECLARATION OF ADHERENCE TO ETHICAL PRINCIPLES AND RULES 

I declare that this thesis is my own original work; that I have acted in accordance with 

scientific ethical principles and rules in all stages of my work, including preparation, data 

collection, analysis and presentation of information; that I have cited sources for all data 

and information that could not be obtained within the scope of this study, and that I have 

included these sources in the bibliography; that this study has been scanned by the 

"scientific plagiarism detection program" used by Alanya Alaaddin Keykubat University 

and that it "does not contain plagiarism". I acknowledge that I will accept all moral and 

legal consequences that may arise if any situation contrary to this statement I have made 

about my work is detected at any time. 

 

         Evrim AKTURK 

 

 

 

 

 

 

 



iii 
 

ACKNOWLEDGEMENT 

I wish to convey my sincere appreciation to my esteemed advisor, Assoc. Prof. 

Dr. Sinan UZUNLU, for always sharing his knowledge, expertise, and experience with 

me patiently throughout the coursework and thesis stages of my master’s degree. I thank 

to my dear professors, Prof. Dr. Mustafa Kemal USLU and Assoc. Prof. Dr. Tuğba 

AKTAR KUÇUKASLAN for their valuable contribution in this thesis as jury members. 

I am deeply indebted to Assoc. Prof. Dr. Fatih DARICIK and Dr. Gökhan 

CANBOLAT from the Department of Mechanical Engineering at Alanya Alaaddin 

Keykubat University for their invaluable contributions to the design and production 

process of the 3D food packaging used in this study. 

I extend my sincere thanks to Assoc. Prof. Dr. Aris Ep. GIANNAKAS and his 

team from the Department of Food Science and Technology at the University of Patras, 

who assisted me significantly during a critical part of my thesis work. 

I am profoundly thankful to the administrative staff and my dear colleagues at the 

Antalya Alanya Public Health Laboratory, where I worked during my studies, for 

supporting me in every way possible. 

I would like to express my admiration and gratitude to my esteemed mentor, 

Public Health Specialist Professor Gulsum Nurhan INCE, whose belief in the illuminating 

power of science has always been a source of inspiration for me. 

To my beloved husband, Can AKTURK, who stood by me and supported me in 

every aspect of life and worked alongside me during my thesis studies, and to my precious 

children, Bora and Mira AKTURK, whom I hope to pass on valuable life experiences to 

I owe a debt of gratitude. 

Finally, I am forever indebted to my dear mother, Retired Mathematics Teacher 

Mukadder GUNTURKUN, from whom I have inherited the philosophy that one should 

always strive to be productive and useful to others within their means, and to my father, 

Ersin GUNTURKUN, for his unwavering support and encouragement. 

 

 

 

 

 

 



iv 
 

ABSTRACT 

 

DEVELOPMENT OF A 3D PRINTED ACTIVE FOOD PACKAGING TO EXTEND 

SHELF LIFE OF A TRADITIONAL TURKISH DESSERT, ASURE 

 

Evrim AKTURK 

 

Department of Food Engineering 

Graduate School of Alanya Alaaddin Keykubat University, 

March, 2025 (62 pages) 

 

 In this study a prototype food packaging tray was developed by using a 3D printer. This 

thesis aimed at determining the stability of a traditional Turkish dessert, aşure under cold 

storage conditions for 14 days by using the 3D printed active food packaging tray. 

Cinnamaldehyde (CNMA), a GRAS-listed food additive, was injected into the 3D-printed 

packages at 2% and 5% (v/w) concentrations through the package channels. Aşure 

samples were placed in the packages and vacuum sealed then stored at 4°C for 14 days. 

Physicochemical (pH, dry matter, CNMA release, color), microbiological (Salmonella 

spp., staphylococcal enterotoxins, total bacterial count), and sensory analyses were 

conducted at periodic intervals. For characterization of packages, oxygen permeability, 

oxygen transmission rate and mechanical properties (Young’s modulus, tensile and 

flexural strength) were measured. No viable microorganisms were detected at either 

CNMA concentrations, and physicochemical results showed that there were no 

significant (p>0.05) changes. Sensory analysis indicated that CNMA’s aroma odour 

correlated positively along with the concentration, without exhibiting negative perception 

on panelists. The findings demonstrated that 3D-printed packaging ensures controlled 

CNMA release, high oxygen barrier properties, and resistance to physical impact. This 

study highlights the potential of essential oils like CNMA in food preservation and 

suggests further research into innovative packaging solutions for extended shelf-life and 

microbial safety. 

Keywords: Active food packaging, Cinnamaldehyde, Antimicrobial agents, Aşure, 

Functional packaging material. 
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ÖZET 

 

 

GELENEKSEL BİR TÜRK TATLISI OLAN AŞURENİN RAF ÖMRÜNÜ 

UZATMAK İÇİN 3B YAZICI İLE ÜRETİLMİŞ AKTİF GIDA AMBALAJI 

GELİŞTİRİLMESİ 

 

Evrim AKTÜRK 

Gıda Mühendisliği Anabilim Dalı 

Alanya Alaaddin Keykubat Üniversitesi, Lisansüstü Eğitim Enstitüsü 

Mayıs, 2025 (62 Sayfa) 

Bu çalışmada, 3D yazıcı kullanılarak aktif bir gıda ambalajı geliştirilmiş ve geleneksel 

Türk tatlısı aşurenin 14 günlük soğuk depolama süresindeki stabilitesi incelenmiştir. 

GRAS listesinde yer alan gıda katkı maddesi sinnamaldehit (CNMA), 3D yazıcıyla 

üretilen paketlere %2 ve %5 (h/a) konsantrasyonlarında enjekte edilmiştir. Aşure 

örnekleri bu ambalajlara yerleştirilmiş ve 4°C’de 14 gün depolanmıştır. Belirli aralıklarla 

fizikokimyasal (pH, kuru madde, CNMA salınımı, renk), mikrobiyolojik (Salmonella 

spp., stafilokok enterotoksinleri, toplam bakteri sayımı) ve duyusal analizler 

gerçekleştirilmiştir. Ambalajların oksijen geçirgenliği, oksijen iletim oranı ve mekanik 

özellikleri (Genç Modülü, çekme ve eğilme dayanımı) belirlenmiştir. Sonuçlar, her iki 

CNMA konsantrasyonunda da canlı mikroorganizma tespit edilmediğini ve 

fizikokimyasal değişimlerin istatistiksel olarak anlamlı olmadığını göstermiştir (p> 0.05). 

CNMA’nın aroması konsantrasyonla pozitif ilişki göstermiş, ancak panelist algısı 

üzerinde olumsuz bir etki oluşturmamıştır. Bu çalışma, 3D yazıcıyla üretilmiş 

ambalajların kontrollü CNMA salınımı sağladığını, yüksek oksijen bariyer özellikleri 

sunduğunu ve fiziksel darbelere karşı dayanıklı olduğunu göstermektedir. CNMA gibi 

esansiyel yağların gıda muhafazasındaki potansiyelini vurgulayan bu araştırma, yenilikçi 

ambalaj çözümleri üzerine daha fazla çalışma yapılmasını önermektedir. 

 

Anahtar Sözcükler: Aktif gıda ambalajlama, Sinnamaldehit, Aşure, Antimikrobiyal 

ajanlar, Fonksiyonel ambalajlama malzemeleri.   
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1.INTRODUCTION 

 Food packaging is one of the major steps for food safety. A food package 

preserves the food's safety, quality, and freshness. It has many functions that help 

maintain the safety and quality of food, from preventing contamination to increasing 

shelf life. So packaging is crucial not only for food safety but also protection, 

transportation and storage issues (Adeyeye, 2019).  

 In ancient Egypt, materials such as animal skins, leaves, gourds, and nuts were 

commonly used for packaging (Rasmussen, 2012). Conversely, in ancient China, the 

invention of paper led to its subsequent use in food wrapping (Cartwright, 2017). 

Between 1700s and 1900s wood boxes and wooden barrels, cans, tin-coating iron cans, 

first samples of card box which were replaced to Tetra Pack packaging after many years 

and various types of packaging materials and methods were discovered respectively 

(Twede, 2005). 

 With recent advancements in technology and heightened consumer awareness, 

the industry is now prioritizing eco-friendly packaging that uses fewer additives and 

more natural, biodegradable materials. Companies are increasingly opting for 

sustainable alternatives to traditional plastic packaging, aiming to reduce environmental 

impact. This shift is driven by both regulatory pressures and the growing demand from 

consumers for greener products. Innovations in bio-based materials, such as 

biodegradable plastics and compostable packaging, are paving the way for a more 

sustainable future. These efforts not only contribute to reducing waste but also align with 

the global movement towards circular economy principles. 

 As reported in the Food Waste Index Report 2021 by the United Nations 

Environment Program (UNEP), approximately 931 million tons of food waste were 

generated globally in 2019. Of this total, households accounted for 61%, food services 

contributed 26%, and retail was responsible for 13%. These figures indicate that 17% of 

the total global food production might go to waste. Therefore, effective food packaging 

prevents the formation of food waste. Packaging materials development shows a 

harmony to its era. 

 With the developments in food packaging, the negative perspective from 

consumers not only environmental but also health concerns arising with the food 

additives. Therefore, the food industry has developed solutions to overcome using 

natural bioactive compounds instead of synthetic ones in food packaging. 
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 The traditional functions of food packaging protection, preservation, and 

communication with consumers have historically been considered passive roles, 

primarily serving to contain and safeguard the product (Chauhan, 2022). However, 

recent advancements in packaging technology have shifted the focus towards active 

packaging, which plays a more dynamic role in enhancing food quality and safety. 

Active packaging systems engage with the food product and its surroundings to prolong 

shelf life, preserve freshness, and enhance overall quality (Jiang, 2023). This paradigm 

shift reflects a growing emphasis on innovative solutions that not only protect but also 

actively contribute to the overall value and sustainability of the packaging system. 

 Among the food additives which might be used in bio-based food packaging are 

classified according to their active substance/material; phenolic compounds, organic 

acids, bacteriocins and essential oils (EO). EOs can be counted as secondary metabolites 

of the plant which are commonly gained from the exact part of the plant such as leaves, 

bark or fruit (Burt, 2004). EOs indeed have a complex composition, typically containing 

between 20 and 60 different components. These components include; ketones, phenols, 

terpenes, aldehydes, carbohydrates, ethers and alcohols. This diversity in composition is 

what gives each essential oil its unique therapeutic properties and scent profile (Mishra 

et. al.2020).  

 The specific concentration of each component can diversify widely depending on 

the plant source and extraction method used.  EOs are volatile and as a consequence it 

should be kept in airtight containers without sunlight in order to prevent compositional 

changes (Lacroix, 2007). The bacteria group in Gram-positive are more susceptible to 

bioactive agents than Gram-negative bacteria, while Pseudomonas species are the least 

susceptible (Ceylan, 2004). Due to the scientist’s research, an essential oil with phenolic 

compounds shows greater antimicrobial activity compared to EOs rich in terpenoids 

(Cosentino, 1999). Garlic, onion, allspice, oregano, thyme, tarragon, cumin, cloves, 

lemongrass bay leaf, capsicums, rosemary plants and cinnamon can be exemplified as 

high inhibitors as including EOs (Billing, 1999). Essential oils, such as cinnamaldehyde 

from cinnamon, are widely used for their germicidal properties. They aid in prolonging 

the product lifespan of food products by preventing the growth of spoilage 

microorganisms (Sun, 2024). 

Cinnamomum, commonly known as cinnamon, has indeed been utilized as a 

spice for centuries. Its essential oils are highly valued in various industries today 

(Bertacchi, 2021). In the food industry, cinnamon essential oil is used for its flavoring 
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and preservative qualities. It has been shown to inhibit pathogen expansion and lipid 

oxidation, which helps in maximizing shelf stability of food products. Additionally, its 

active compounds, such as cinnamaldehyde, contribute to its strong antimicrobial 

properties (Alonso, 2024).  

  The majority of cinnamon essential oil is cinnamaldehyde, as the secondary 

metabolite (Rao et al., 2014). CNMA is also GRAS and is legally approved by the Food 

and Agriculture Organization (FAO) and the World Health Organization (WHO). 

Therefore, CNMA can be used as a safe food additive in food (Food and Drug 

Administration, FDA). According to a recent study where cinnamaldehyde was 

encapsulated in a chitosan/alginate complex coacervate (CINA@CH/ALG) and applied 

to cotton fabric to provide bacteriostatic and mold-resistant characteristics. The size of 

the chitosan/alginate nano capsules was strongly affected by the chitosan-to-alginate 

weight ratios and the cinnamaldehyde volume fractions. The study showed that 

cinnamaldehyde has a significant effect on Staphylococcus aureus, Escherichia coli, 

Listeria monocytogenes, Aspergillus flavus (Sultan, 2024).  

 Enhancing the dosage of cinnamon EO in coatings can indeed inhibit a wide 

range of microorganisms due to its germicidal properties. However, cinnamaldehyde, 

can also impact the quality, color, firmness, flavor, and odour of the coated fruit. The 

optimal concentration of cinnamon EO should effectively inhibit microbial growth while 

maintaining the food’s desirable sensory properties of food (Basaglia, 2021; Han, 2018; 

Sarengaowa, 2022). 

 This study aimed to develop an innovative 3D printed food packaging material 

using polylactic acid (PLA), a biodegradable and food-safe polymer recognized for its 

environmental sustainability and suitability for food contact applications. PLA was 

chosen due to its favorable mechanical properties, renewability and its potential to serve 

a greener solution to petroleum-based polymers. To enhance the functionality of the 

packaging, cinnamaldehyde, a natural bioactive compound with well-documented 

antimicrobial properties derived from cinnamon, was employed.  

 The integration of cinnamaldehyde into the packaging material was intended to 

address key challenges in food preservation by providing active protection against 

microbial contamination. This bioactive approach not only inhibits spoilage but also 

extends the shelf life and maintains the sensory and nutritional quality of the packaged 

food.  
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 In this study, a prototype food packaging tray by using a 3D printer which was 

recently patented (PCT/TR2024/050383) was developed. The idea was to make narrow 

channel double-walled structured sides at verticals and horizontal of a regular tetragon 

and injection of liquid CNMA from laterals. 

Therefore, it was aimed to determine followings; 

• To demonstrate effectiveness of cinnamaldehyde in a new food packaging 

tray obtained by a 3D printer, 

• To show feasibility of designing an active antimicrobial food packaging 

tray by means of using a 3D printer, 

• To determine the stability of a traditional Turkish dessert, aşure, which was 

compatible with cinnamon, at cold storage period for 14 days by using the 3D 

printed active food packaging tray.    
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  2. LITERATURE 

 Food packaging regulations aim to safeguard consumers from unacceptable 

levels of contamination through the use of appropriate packaging methods. Higher food 

standards safety was emerged by development of active food packaging. So, concerns of 

chemical contaminants and microbial contamination were minimalized (Gokoglu,2019). 

Synthetic additives are artificially produced substances not derived from natural sources, 

incorporated into food to enhance its appearance, texture, flavor, expiry period, 

freshness, and nutrient content. Although they are regulated by strict safety and 

regulatory guidelines, they remain a concern for many consumers. Consumer’s 

awareness and choice on minimized processed food and ready to eat food brought about 

that development on packaging. Active food packaging, by extending shelf life, offers 

several benefits: it expands global market opportunities, increases profitability, and 

reduces food waste.  

 Maintaining food quality and safety, and increasing shelf-life, are achieved 

through the innovative technology of active food packaging (Alamri, 2021). The 

European regulation (EC) No 450/2009 describes active packaging as “deliberately 

incorporating components that would release or absorb substances into or from the 

packaged food or the environment surrounding the food” (European Commission 2009).        

2.1 Active Packaging   

The food packaging industry has faced a significant shift from traditional 

petroleum-based materials, such as polypropylene, to more sustainable, bio-based 

alternatives. The shift away from traditional plastics is fueled by the critical necessity to 

alleviate environmental impacts and decrease carbon emissions (Yin,2024). Due to their 

ability to decompose naturally and their lower environmental footprint, materials derived 

from biological sources, including starch, cellulose, and polylactic acid (PLA), present 

viable alternatives. These materials not only provide a sustainable alternative but also 

enhance food preservation by incorporating natural antioxidants and moisture control 

mechanisms. Current investigations have revealed the potential benefits of bio-based 

packaging materials in Increasing the duration of product viability and strengthening 

food safety standards. For instance, D’Almeida and De Albuquerque (2024) emphasize 

the importance of transitioning to create efficient, safe, and sustainable packaging, the 

focus is on integrating bio-based materials and intelligent packaging technologies. 
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Active packaging can be provided in two different ways; absorbing systems and 

releasing systems. These systems actively modify the conditions within the packaging to 

prevent spoilage, inhibit microbial growth, and maintain the sensory properties of the 

food (Jiang, 2023). Absorbing systems majorly control moisture, ethylene and carbon 

dioxide by using sachets, desiccants were inserted into multi layered boxes and drip 

absorbent pads beneath of the scent. While, the releasing systems, the emitters are used 

to ensure food and its environment are free from undesirable substances. In addition, 

antioxidant releaser, carbon dioxide emitters and antimicrobial packaging systems are 

some of the other types of applications of releasing systems (Kruijf, 2002).  

The framework of the packaging is mainly designed on processing conditions of 

foods, structural properties of packaging materials. The former is basically structured on 

food research, while the latter one is laid out on packaging research. The desired shelf 

life, which is influenced by storage conditions, packaging material interaction, and the 

composition of the food product, is determined by the target release rate of the active 

compound from the packaging material (Uzunlu, 2018).  

These approaches, adapted from Han (2003b), which highlights diverse methods 

for integrating antimicrobial functions into food packaging to enhance food safety and 

shelf life (Figure 2.1). 

 

Figure 2.1 Several ways to integrate antimicrobial properties into food packaging A, utilizing specialized 

antimicrobial materials; B, applying coatings to existing packaging; C incorporating agents into polymer 

structures; D, using antimicrobial inserts; E, employing volatile release mechanisms; F, antimicrobial 

edible coating on foods (Han,2003b) 

Incorporating natural antimicrobial compounds into biodegradable barrier 

materials for food preservation, consumable films, and coatings is a promising approach 

for the purpose of preventing microbial proliferation and prolonging food product 
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viability. This method leverages naturally derived compounds such as essential oils, 

herbal extracts, and enzymes, which are recognized for their antimicrobial defense. The 

packaging materials act as carriers for antimicrobial agents, which are gradually released 

into the food product. This controlled release helps to inhibit microbial growth, thereby 

enhanced product preservation and sustained quality, and ensuring the protection of food 

integrity.  

Controlled release strategies are crucial in active packaging. These strategies 

ensure that antimicrobial substances are released at a rate that effectively inhibits 

microbial growth over an extended period. During the preceding years, a diverse array of 

antimicrobial agents has been functionally integrated into the packaging polymer to 

enhance food preservation efficacy and extend shelf life (Han ,2008). These antimicrobial 

agents can be incorporated into various biodegradable polymers like chitosan, polylactic 

acid (PLA), and starch-based materials, provides the dual benefit of food preservation the 

packaging and ecological friendly (Kamarudin, 2022). Recently, applied technology of 

antimicrobial preservation: direct or film/coating applications are exemplified in Table 

2.1. 

Table 2.1 Antimicrobial biopolymer food packaging systems enhanced with antimicrobial agents 

Biopolymer Matrix Antimicrobial agent Observations Reference 

Polylactic acid Pediocin Polylactic acid (PLA) film, 

enhanced with active agents, 

limited the growth of L. 

monocytogenes in packaged 

raw pork 

(Woraprayote, 2013) 

Pectin and Polylactic acid Nisin The pectin-polylactic acid 

composite film, containing 

nisin as a bioactive 

antimicrobial compound, 

effectively suppresses L. 

monocytogenes proliferation 

in cultivation media and food 

matrices. 

(Jin, 2009) 

Chitosan Lactic acid A high level of antimicrobial 

activity against Bacillus 

subtilis is observed in 

chitosan-lactic acid films. 

(Vartiainen,2004) 

Alginate Clove, cinnamon, and 

marjoram oil 

Exhibited inhibitory activity 

towards E. coli, S.aureus, and 

L.monocytogenes. 

(Alboofetileh, 2014) 

Bio-based zein Cinnamon essential oil Suppression of E. coli and S. 

aureus growth 

(Vahedikia, 2019) 
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             Table 2.1 Antimicrobial biopolymer food packaging systems enhanced with antimicrobial agents   

                              (continue) 

 
Biopolymer Matrix Antimicrobial agent Observations Reference 

Polyvinyl alcohol/Polyethylene 

glycol 

Thyme essential oil Biocidal impact against E. coli 

and S. aureus 

(Min, 2021) 

Nano-emulsion Thyme and lemongrass oil Antibacterial effect against E. 

coli and L. innocua 

(Guerra-Rosas,20171”) 

Sodium caseinate Matricaria recutita essential oil Exhibition inhibitory activity 

towards S. aureus, and E. coli 

(Aliheidari, 2013) 

Chitosan/nanoclay 

nanocomposite 

Rosemary essential oil  Complete decrease 1.2 to 2.1 

log CFU/g for fresh poultry 

meat storage 

(Souza, 2019) 

Carboxymethyl cellulose/agar 

bio composite 

Summer savory sensory oil Demonstrated robust 

antibacterial activity against B. 

cereus and E. coli 

(Abdollahi, 2019) 

 

Mastromatteo et al. (2010) attempted to explain the release system by categorizing it into 

three main types: 

2.1.1 Diffusion-limited release (Reservoir systems): 

A depot system consists of a therapeutic compound encapsulated within a rate-

regulating membrane (Figure 2.2). These membranes can be characterized by micro-

porosity, macro-porosity, or non-porosity, with non-porous membranes representing the 

predominant selection. The efflux rate in these systems is governed by the membrane's 

dimension, exterior surface, and permeability coefficient. When the depot holds a surplus 

of the therapeutic compound, the efflux rate follows zero-order kinetics, maintaining a 

consistent release over time (Mastromatteo, 2010). 

 

Figure 2.2 Reservoir system in active food packaging (Mastromatteo, 2010) 

 



9 
 

2.1.2 Swelling induced release: 

  The low diffusion coefficient of the active agent in swelling-controlled systems 

effectively impedes significant initial diffusion. The polymer matrix experiences 

volumetric expansion upon imbibing fluid from a compatible medium. The enhanced 

diffusion coefficient within the swollen matrix enables the active agent's release. In 

diffusion-controlled systems, the matrix remains unaffected during release. Swelling-

controlled systems exhibit a membrane that undergoes a transition from a rigid to an 

elastic configuration. The more mobile Polymeric strands in this elastic configuration 

permits for faster diffusion of the active agent. The release rate is determined by the glass-

to-rubber transition process (Crank, 1955; Peppas, 1984). 

2.1.3 Biodegradation induced release: 

Langer and Peppas (1983) categorized polymer erosion into two distinct 

mechanisms: surface (heterogeneous) and bulk (homogeneous). The two types of erosion, 

surface erosion and bulk erosion, differ in how they degrade the polymer material.  

Surface erosion involves faster degradation at the surface, while bulk erosion 

involves uniform degradation throughout the material. The choice between these 

mechanisms depends on the desired release profile and the specific application 

requirements (Burkersroda, 1999). 

A study was conducted on how electron beam irradiation, storage conditions, and 

pH levels of model food solutions impact the pattern of trans-cinnamaldehyde release 

from polyamide-coated low-density polyethylene films. The results highlighted that the 

release rate of trans-cinnamaldehyde was influenced by the storage temperature (4, 21, 

and 35 °C) and the pH (4, 7, and 10) of the food simulant solutions (10% aqueous 

ethanol). As anticipated, the antimicrobial diffusion rate was lower at the refrigerated 

temperature (4 °C), measuring 0.013 μg/mL/h, compared to higher temperatures, where 

it reached 0.029 μg/mL/h at 21 °C and 0.035 μg/mL/h at 35 °C. Irradiation reduced the 

diffusion rate of trans-cinnamaldehyde by 69% in irradiated films compared to non-

irradiated controls so can be used to control the controlled elution of active agents, 

providing a foundation for the evolution of antimicrobial packaging systems (Han, 2008). 

A study by Del Nobile (2008) investigated the capacity of thymol-containing zein 

films to suppress the growth of diverse microbial species, including B. cereus, C. 

lusitaniae, Pseudomonas spp., and S. thermophilus. The release behavior followed Fick's 

Second Law, with tests conducted at 25°C showing that the diffusion coefficient of 
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thymol was independent of its concentration. While the highest diffusion coefficient was 

observed at a 35% thymol concentration, it was not significantly different from the 

coefficient at 10%, suggesting that thymol concentration has little effect on the release 

kinetics. 

2.2. Bioactive Packaging 

Active food packaging has introduced an innovative dimension to packaging 

technology, leading to the development of bioactive food packaging. This advancement 

was driven by three key factors: 

• Environmental issues are associated with the discharge of plastic waste into 

ecosystems. 

• Materials with favorable environmental profiles, such as whey protein films, 

derived from by-products. 

• Conventional food packaging techniques were found insufficient in some 

cases.  

Bioactive packaging represents a significant advancement in food packaging 

technologies, offering solutions that go beyond traditional containment and protection. 

By incorporating bioactive agents such as antioxidants, antimicrobials, or enzymes, this 

innovative approach addresses growing consumer demands for sustainable and 

functional food packaging. food spoilage is not only minimized but also reduces the need 

for synthetic additives in food products, aligning with the global shift toward health-

conscious and eco-friendly solutions (D’Almeida,2024).  

With the awareness of consumers on natural based ingredients, the tendency of 

usage of bio natural materials, search and development, usage, and consumption has 

increased. Active food packaging materials can be produced by either biodegradable 

resources or synthetic polymers. Also, sometimes it is a blend composition. They are 

both used as raw materials in the packaging industry (Rahman, 2020). 

2.2.1 Bioactive packaging ingredients/ additives 

Bioactive packaging involves incorporating active ingredients or additives into 

packaging materials to enhance food preservation and safety. These components assist 

in maintaining food integrity and security, while simultaneously promoting 

environmental sustainability by lessening the reliance on artificial preservatives and 

packaging substrates. Some common bioactive ingredients/additives used in such 

packaging are summarized below.  
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2.2.1.1 Bionanocomposites 

  Nanocomposite materials are formulated from naturally occurring biopolymers, 

including chitosan, starch, cellulose, and alginate, among others, sourced from plant, 

microbial, and animal origins, which are plentiful in the environment. Their protective 

properties for packaging, such as tensile strength or resistance to gases, moisture, and 

microbial penetration, can be substantially augmented through the incorporation of 

nanofillers, such as nanoparticles (Wypij, 2023). 

Despite the advantageous use of nanomaterials integrated with biopolymers in food and 

agricultural sectors, scientists posit a significant probability of nanomaterial migration 

into foodstuffs, necessitating comprehensive investigations into food safety and security. 

Given the paramount concern of food toxicity, rigorous evaluation of toxicological 

hazards, their control, and the regulatory frameworks governing these risks is imperative 

(Wypij, 2023). 

   Figure 2.3 illustrates the comparison between packaging without nanoclay and 

packaging incorporating nanoclay. The inclusion of active nanolayers (plastic 

composites) with a thickness of less than 100 nm in the polymer structure enhances the 

efficiency of antimicrobial agent transport within the packaging material (Yam, 2012). 

 

Figure 2.3 Schematics of the expected higher efficiency of active nano clays containing antimicrobial 

agents dispersed within packaging plastics and bioplastics (Yam, 2012) 

2.2.1.2 Bioactives 

The designation 'bioactive compounds' encompasses molecules that possess 

biological activity, including secondary metabolites present in plant matrices, which 

induce pharmacological effects in animals and humans and are potentially beneficial to 

health. Presently, biocidal inhibitors are incorporated into packaging matrices, such as 

films and trays, deposited as coatings on packaging surfaces, or encapsulated in sachets 

to combat deteriorating microorganisms and pathogens in food products. Consequently, 
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this method diminishes the quantity of active compounds required in food formulations 

(Nath et al, 2023).  

Phenolic compounds, organic fatty acids, bacteriocins and essential oils are 

natural food additives. They are accepted as "GRAS" status which is an acronym for the 

phrase Generally Recognized as Safe by Food and Drug Administration (FDA). Some 

antimicrobial food packaging systems examples are shown in Table 2.2 

Table 2.2 Antimicrobial food packaging systems, essential oils (Yildirim, 2018) 

Active 

substances Matrix/packagin

g 

application 

Tested 

Microorganism

s 

Food 

applicatio

n 

Benefit Reference 

Cinnamon 

essential oil 

Active multilayer 

polymeric 

composites 

E. coli O157:H7, 

S. cerevisiae 

Tomato 

puree 

Effective 

inhibition of 

microbial 

proliferation: 

demonstrated 

high activity 

against E. coli 

O157:H7 and 

S.cerevisiae. 

Gherardi 

and others 

(2016) 

Cinnamaldehyd

e 

  

  

Chitosan-

mediated 

reversible 

covalent 

immobilization 

S. aureus, E. 

coli and in milk 

inoculated with 

L. 

monocytogenes 

Milk Expansion of 

microbiologica

l product 

lifespan 

Higueras 

and others 

(2015) 

Carvacrol and 

thymol A hybrid 

nanocomposite of 

clay and 

polyethylene 

  

Gray mold Strawberry Effective 

inhibition of 

gray mold  

Campos-

Requena 

and others 

(2015) 

  

Vanillin Gelatin films 

sourced from 

starfish biomass 

 Listeria   

   

monocytogenes 

  

Crab stick Diminution in 

L. 

monocytogene

s growth  

Lee and 

others 

(2016) 

Oregano Pectin, 

consumable layers 

Fungi Tomatoes Mitigation of 

fungal decay 

and 

amplification 

of antioxidant 

activity. 

Rodriguez

-Garcia 

and others 

(2016) 

 



13 
 

Cinnamaldehyde (CNMA), which is extracted from Cinnamomum spp., is a 

natural antibacterial active ingredient (Faikoh, 2014). CNMA is also generally recognized 

as safe (GRAS) and adheres to the regulatory standards of Food and Agriculture 

Organization/World Health Organization (FAO/WHO) so it means CNMA is a reliable 

source of food preservative (Sun, 2020). Previous studies have shown that 

cinnamaldehyde (CNMA), a major component of cinnamon essential oil, interacts with 

bacterial cell membranes. This interaction can disrupt membrane integrity, inhibit 

ATPase activity, and interfere with energy metabolism. CNMA has a remarkable 

antifungal and antibacterial activity, however it has not been completely defined as the 

mechanism of inhibition (Smid, 1996). It has been shown that bacterial cell morphology, 

membrane integrity and permeability are damaged when CNMA is used at low 

concentration (0.31 mg/mL) in Escherichia coli and Staphylococcus aureus, bacteria that 

cause pathogenicity to humans through food consumption. Such adverse effects of 

cinnamaldehyde are predicted to be responsible for the reductions in biomass production 

rate and morphogenesis. Additionally, increasing cinnamaldehyde concentration linearly 

increases bacterial membrane damage (Shen, 2015).  

In another study, Mond´ejar-Lopez et al. (2024) encapsulated cinnamaldehyde in 

chitosan nanoparticles and incorporated it into a 2% chitosan film. A biphasic release 

profile has been demonstrated with sustained release over 5 days. The antimicrobial 

activity of the films was determined to be 4.85 log cfu/g for Listeria monocytogenes and 

a 1.26 log cfu/g reduction in the total number of coliforms within 20 days (Mondéjar-

López et al. 2024). Another study tested the polylactic acid biofilm uploaded with 

cinnamaldehyde for cheese packaging to display an active food packaging material. The 

strongest antibacterial activity was seen in the PLA-PBATTiO2-7%Cinn film against S. 

aureus and E. coli. Cheese packaged with PLA-PBAT-TiO2-7%Cinn film showed 

minimal weight loss during 12 days of storage and increased its antibacterial activity 

against E. coli. The use of cinnamon oil-loaded TiO2 in films has shown positive effects 

on the shelf life, quality and safety of the food product, and it has been stated that it has 

a high potential for commercial use (Sharma et al. 2023). 

In similar studies (Uzunlu & Niranjan, 2017), 5% and 10% concentrations of 

cinnamaldehyde inactivated S.aureus and E.coli by 6 log cfu/g in films made with 

polycaprolactone at different temperatures (37℃, 20℃, 4℃). and durations (11 to 28 

days). It was determined that approximately 80% of cinnamaldehyde was released in the 

first 21 hours, but then its stability was achieved over time. In another study, the 

https://link.springer.com/chapter/10.1007/978-3-031-33505-1_8
https://link.springer.com/chapter/10.1007/978-3-031-33505-1_8
https://link.springer.com/chapter/10.1007/978-3-031-33505-1_8
https://link.springer.com/chapter/10.1007/978-3-031-33505-1_8
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antimicrobial activity of cinnamaldehyde film with 1% concentration of polycaprolactone 

in manti packages was tested. As a result, it was determined that the active films showed 

a bacteriostatic effect against E. coli and S. aureus when inoculated at 5 log cfu/g to food 

samples for 28 days at 4℃ (Uzunlu, 2019). 

Cinnamaldehyde has been shown to exert significant antioxidant properties. A 

study has demonstrated that cinnamaldehyde can prevent chain initiation, scavenge free 

radicals, and quench singlet oxygen formation. These activities forefront its potential in 

reducing oxidative stress and protecting cells from damage (Friedman 2017).  

There are several encapsulation techniques designed to enhance the water 

dispersibility and stability of cinnamaldehyde under severe conditions: liposomes, 

emulsions, biopolymer nanoparticles, complex coacervation, molecular inclusion, and 

spray drying. Each encapsulation technique employs different wall materials and 

mechanisms, which come with their own sets of advantages and drawbacks (Culas, 2024).  

Liposomes are effective due to their high surface area and strong antimicrobial 

properties. However, their lipid membranes can be vulnerable to oxidation and 

hydrolysis, which can compromise their stability and effectiveness over time (Nadarajah, 

2021).  

Emulsions are a popular choice for encapsulating cinnamaldehyde due to their 

high dispersibility in water and strong antimicrobial properties. However, as it is 

mentioned, they do have some drawbacks like flocculation, aggregation, and gravitational 

separation (Muhoza, 2023). 

Yet some of the adverse properties such as volatility, insolubility in water, easily 

decomposition and deterioration, sensitivity to light and temperature, and having a 

pungent odour limits the usage of CNMA in food technology (Yi ,2010). A study 

conducted on smoked horse meat sausages, sensory evaluation and antimicrobial 

properties of cinnamaldehyde were reported. The findings showed that the group with 

cinnamaldehyde named as ‘KQ batch’ which contained cinnamaldehyde achieved a 

higher appreciation score by the panelists in color, odour and taste criteria compared to 

the other batches (Yu et. al., 2024). 

The combination of clove and cinnamon oils has shown promising results in 

inhibiting the growth of various bacteria, especially in the vapor phase. The synergistic 

effect mentioned, where the combined oils are more effective than when used separately, 

is particularly interesting and could have significant implications for food safety and 
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packaging (Goñi, 2009). However, the precise molecular targets and mechanisms by 

which CNMA affects foodborne pathogens are still being investigated. 

2.3 Barrier and Mechanical Properties of Active Food Packaging 

2.3.1 Barrier properties of active food packaging 

The barrier properties of a packaging material refer to its capacity to impede or 

regulate the permeation of gases (e.g., oxygen, carbon dioxide), water vapor, volatile 

organic compounds, and other entities between the food product and the surrounding 

environment. The integration of active functionalities with robust barrier characteristics 

is paramount for efficacious food preservation strategies. While the barrier function 

mitigates external factors contributing to spoilage, the active component addresses 

specific deterioration mechanisms within the packaging headspace or the food itself. 

The food packaging sector is seeking to substitute fluorinated synthetic polymers 

with natural and biodegradable materials that offer resistance to grease, water vapor, and 

gas permeation. For this reason, several natural, decomposable polymers, including 

proteins, lipids, and polysaccharide-based coatings, such as zein, chitosan-beeswax, 

chitosan, and hydroxy-propyl methylcellulose, have been shown to be effective. 

However, many of them are partially hydrophilic, which leads to a decline in their barrier 

capabilities under conditions of high moisture (Sanchez, 2014). 

PLA, a biologically decomposable and eco-friendly polymer originating from 

lactic acid produced by the microbial conversion of carbohydrates from sources like corn, 

sugar cane, or potato (Vink, 2003), has been launched commercially as an excellent 

substitute for artificial polymers (Gruber, 2002).  

Muller et al. (2017) incorporated cinnamaldehyde essential oil into PLA-starch 

dual-layer films. Given starch's superb oxygen impermeability and PLA's notable water 

vapor resistance, the resulting layered film exhibited outstanding barrier attributes. 

Laboratory studies demonstrated that PLA/S films containing CIN suppressed E. coli and 

L. innocua at concentrations exceeding their minimum inhibitory concentrations. 

2.3.2 Mechanical properties of active food packaging 

Polylactic acid (PLA) is a biologically decomposable thermoplastic and aliphatic 

polyester derived from replenishable and eco-friendly materials abundant in starch. 

Owing to its biodegradability, biocompatibility, and robust mechanical attributes, 

including tensile strength and Young’s modulus similar to those of polystyrene (PS) and 

polyethylene terephthalate (PET), PLA has been regarded as a significant biopolymer. 
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Nevertheless, its diminished impact resistance has led to the exploration of numerous 

additives to enhance its characteristics. Substances like food and its byproducts, natural 

oils, organic matter, diverse fiber types, nanoparticles, and others have been integrated 

into the PLA structure with the goal of exhibiting superior mechanical performance 

(Acosta, 2025). 

Boro et al. (2022) explored the use of clove essential oil together with alkali-

treated halloysite nanotubes (NHNT) to improve the attributes of PLA film. They 

fabricated the film using a simple solution casting method and enhanced the halloysite 

nanotube surface area by treating it with an alkaline NaOH solution. The film labeled 

PCOH0.5, containing 0.5 wt.% NHNT and 200 μL CEO, exhibited the most significant 

enhancements in properties compared to pure PLA. Specifically, its mechanical 

characteristics, including tensile strength, flexibility, and elastic modulus, showed 

increases of 20%, 682%, and 38%, respectively. The findings suggest that these 

PLA/CEO/NHNT nanocomposite films are effective and hold promise for their potential 

application as active food packaging. 

In recent years, aiming for enhanced characteristics, Ordoñez et al. (2023) 

developed a PLA/Starch/PLA (PSP) three-layered film integrated with ferulic or 

cinnamic acid using electrospinning or solution pulverization. These triple-layered PSP 

structures displayed superior strength and impermeability compared to single-layered 

PLA and starch films and satisfied food packaging demands. 

PLA has served as an alternative to synthetic resources, showcasing desirable 

mechanical and tensile features and presenting minimal oxygen permeability (Sanchez, 

2014). 

2.4 Aşure  

As a Turkish tradition, aşure dessert, which is cooked each year on the days of 

Muharram according to the Hijri calendar, continues from the Ottoman Empire period to 

the present day. The origin of aşure dessert dates to ancient times and has an important 

place in many cultures. The etymology of the term 'aşure' traces back to the Arabic word 

"asherah" meaning "ten" and refers to the tenth day of the month of Muharram (Sacıkaralı, 

2015). 

The emergence of aşure dessert dates back to the time when Prophet Noah's ship 

survived the flood and landed on Mount Cudi. According to rumor, this dessert was made 

with a mixture of the last foods left on the ship (such as wheat, beans, chickpeas). For this 
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reason, aşure is considered a symbol of abundance and sharing (Sacıkaralı, 2015). Aşure 

took its place as an important dessert during the Ottoman period. In Evliya Celebi's 

Seyahatname, it is mentioned as a meal that should be done on the tenth day of Muharram. 

In the Alawite culture, aşure is cooked and shared in memory of Hussein, who was 

martyred in the Battle of Karbala. In summary, aşure is not only a dessert but also a 

symbol of cultural heritage and communal harmony. Its rich nutritional profile and 

historical significance continue to make it a cherished dish in Turkish cuisine and beyond. 

 

Figure 2.4 Traditional presentation of aşure (Anonymous, 2024) 

Traditionally, aşure is made by cooking a mixture of grains, legumes, and dried 

fruits. Common ingredients include wheat berries, chickpeas, white beans, raisins, dried 

apricots, and figs. These components are sweetened, often with sugar or honey, and 

flavored with spices such as cinnamon. As illustrated in Figure 2.4 is typically garnished 

with nuts like walnuts or almonds and pomegranate seeds, adding both texture and visual 

appeal (Sacıkaralı, 2015). 

  Although the literature on aşure is limited, research was conducted on milk 

desserts (pudding, milk pudding, water pudding, etc.), which are other listed foods of the 

Turkish Food Codex classified in ‘“ready to eat dessert”. 

In accordance with that study, bacterial load may increase during production, 

storage, transportation and presentation to the consumer if hygiene standards and cold 

chain are not readily applied. Therefore, it might result in deterioration of foods by means 

of reduced microbial quality. Public health might be under risk in such circumstances 
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(Sahiner, 2019). Up to date to our best of knowledge no literature has been found for 

aşure in the field of food engineering. 
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3.MATERIALS AND METHODS 

3.1 Materials 

The ingredients for aşure were as follows; 

Aşure wheat (200 g), kidney beans (150 g), chickpeas (140 g), dried figs (10 

pieces), dried apricots (10 pieces), raisins (300 g), table sugar (1000 g) were purchased 

from local markets in Alanya. Antalya, Turkiye. 

Materials used for packaging and laboratory equipment; 

Microbiological Media: Maximum Recovery Diluent (Merck, Germany), Plate 

Count Agar (Merck, Germany), Buffered Peptone Water 

Embossed vacuum bag (240x240 mm), Thickness: 110 Micron, Weight: 100 gr / 

M² (Packtech, Turkey) 

The 3D printed food packages material used in this study is an eco-friendly 

thermoplastic, polylactic acid (PLA), sourced from renewable agro-based materials. 

Polylactic acid (PLA) stands as the foremost manufactured biopolymer, presently favored 

for select food packaging applications involving biological contact, owing to its ability to 

decompose through biological and non-biological processes, transparency, rigidity, low-

temperature thermal sealing, regulatory clearance as Generally Recognized as Safe 

(GRAS), and adequate protection against flavor and aroma transfer (Yadav, 2018).  The 

provided filaments (ESUN, China) made of PLA +, have a diameter of 1.75 mm. The 

PLA+ filament's enhanced properties confer high toughness, high precision, high-speed 

printing, and no warping characteristics. Additional technical specifications provided by 

the manufacturer for the PLA+ filament, are detailed below Table 3.1. 

Table 3.1 PLA+ filament (ESUN) technical properties 

Property Recommended Printing Parameter 

Printing     Temperature 210-230 °C 

Printing Speed 40-100 mm/s 

Density 1.23 g/cm3 

Tensile Strength 60 MPa 

Elongation at break 20 % 

Bending strength 74 MPa 

Flexural Modulus 1973 MPa 

 

The details of the 3D food packages produced by a 3D printer using Creality 

Ender- 5 Pro (Shenzhen, China) by Fused Deposition Modeling (FDM) printing 

technology. The 3D printer used in this research operates with a filament diameter of 1.75 

mm and a standard nozzle diameter of 0.4 mm. It is capable of reaching a maximum 



20 
 

nozzle temperature of 260℃ and a maximum heat bed temperature of 100℃. The 

standard printing speed is 50 mm/s and maximum is 100 mm/s. These specifications 

ensure high precision and quality in the printed samples (Figure 3.1). 

 

Figure 3.1 3D food packages printing process, Creality Ender- 5 Pro 

3.1.1 Design features of the 3D food packaging: 

The 3D food pack comprises two nested trays, namely Tray A and Tray B which 

are manufactured using PLA material (Figure 3.5). There is an empty volume between 

the outer and inner trays (Tray A and Tray B), which was filled with an antimicrobial 

substance (Figure 3.1). Before placing aşure in the 3D food packages, each package was 

exposed to UV light for 20 minutes for sterilization. 

The inner container, Tray, is the one in direct contact with the food. There is an 

empty space between Tray A and B (outer and inner containers) intended to be filled with 

an antimicrobial-antioxidant substance. 

Each lateral face of Tray A forms a 4-degree angle with the nearest perpendicular 

plane. The corners of Tray A are rounded. The open mouth of Tray A has a lip (d) for 

sealing purposes. Inside the bottom of Tray, A, there are fifty-four supports (c) on which 

Tray B rests (Figure 3.4). Similarly, each lateral face of Tray B forms a 4° angle with the 

nearest perpendicular plane, and its corners are also rounded. To fill the empty space 

between Tray A and B with the antimicrobial-antioxidant substance and to allow air to 

escape from this space, there are four holes (d2) on the lips (d1) of Tray B (Figure 3.2, 
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Figure 3.3). In another configuration of the invention, to achieve the same purpose, the 

lips (d1) of tray B feature channels (not shown in figures) in the longitudinal and 

latitudinal planes. 

The selection of the antimicrobial-antioxidant substance to be filled in the empty 

space between Tray A and B is based on the technical effects demonstrated by the 

substances listed in that section. 

 

Figure 3.2 The side views of Tray A and B 

 

Figure 3.3 The perspective views of Tray A and B 
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Figure 3.4 The top views of Tray A and B 

 
Figure 3.5 A completed 3D printed food pack 

3.2 Methods  

3.2.1 Cooking procedure for aşure 

Aşure was prepared in the direction of the guide of Edirne Provincial Directorate 

of Culture Tourism (Anonymous, 2023). 

Wheat for Aşure, beans, and chickpeas were left in water overnight and were 

allowed to swell until morning. After they swelled, each legume was cooked separately 

under pressurized steam. First, wheat for Aşure was placed in a pressure cooker, twice 

the amount of water was poured over the wheat and cooked for 10 minutes, beans were 

cooked for 10 minutes under the same conditions, and chickpeas were cooked for 20 

minutes. On the other hand, figs, dried apricots, and raisins were boiled in water 

approximately 5 cm above the area they covered in the pot and softened. Wheat for Aşure, 

beans, and chickpeas were combined in a separate pot and boiled together for 30 minutes 
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and sugar was added. Fruits were added 5–6 minutes before the end of the cooking 

process and the cooking process was completed (Anonymous, 2023). 

For the physicochemical and microbiological analysis 2400 grams of aşure was 

cooked and placed into 16 trays.While, for sensory analysis 5400 grams of aşure was 

cooked and placed into 18 individual trays containing 300 grams. 

Each individual package trays were vacuumed by using a household type vacuum 

(Kumtel, Model HVSE-01, Kayseri). In previous preliminary experiments, it was decided 

to add CNMA at concentrations of 2% (v/w) and 5% (v/w) to prevent consumers from 

encountering an unpleasant, pungent odour when they opened the package, while also 

providing antimicrobial activity in the gas phase. CNMA (Sigma W228613, Germany) 

was prepared from a concentration of 95% ≧ purity, with Tween 80 and distilled water 

at different concentrations (%2 (v/w), %5 (v/w). 1 mL of each concentration was taken 

and injected into the packaging designed by Uzunlu and Darıcık and was stored at 4°C 

for 14 days, and the following periodic analyses were performed. 

3.2.2 Microbiological analysis 

Microbiological analyses were planned to be studied in accordance with the 

Turkish Food Codex Microbiological Criteria Regulation Table 3.2 (dated 12.29.2011 

and numbered 28157).   

Table 3.2 Turkish Food Codex Microbiological Criteria Regulation 

Food Microorganisms/ 

toxins/ metabolites 

Limits Reference Method 

1.13.4. All kinds of 

ready-to-eat (cooked) 

desserts (pudding, 

custard, cream, asure, 

water pudding, etc.) 

Staphylococcal 

enterotoxin 

Should not be present 

in 25 g 

 

Salmonella spp. Should not be present 

in 25 g 

EN/ISO 6579 

Turkish Food Codex Parameters are Salmonella spp., Staphylococcal 

enterotoxins. Total Viable Counts (TVC) were studied to determine hygienic quality of 

the product. TVC analyses were performed on the 0th, 3rd, 7th and 14th days of the 

storage period, while Salmonella spp. and Staphylococcal enterotoxins were performed 

on 0th and 14th days. 

3.2.2.1 Total viable counts     

10 g of aşure samples were accurately weighed and transferred into bottles 

containing 90 mL of Maximum Recovery Diluent (MRD). Serial decimal dilutions were 

prepared, and appropriate concentrations were transferred onto Plate Count Agar (PCA) 
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in Petri dishes using a 100 μL pipette. The samples were spread evenly across the surface 

of the agar and incubated at 35°C for 48 hours. (BAM Chapter 3: Aerobic Plate Count) 

3.2.2.2 Salmonella spp.  

Salmonella spp. detection in aşure samples was conducted following a combined 

protocol derived from ISO 6579 and FDA methodologies. A 25 g aliquot of each sample 

underwent pre-enrichment in 225 mL of Buffered Peptone Water (Merck, Germany) and 

was incubated at 37 °C for 16-20 hours. Subsequently, 1 mL of the pre-enrichment culture 

was transferred to 10 mL of Selenite Cystine Broth (Merck, Germany), and 0.1 mL to 10 

mL of Rappaport Vassiliadis Broth (Merck, Germany) for selective enrichment. Both 

enrichment cultures were incubated at 35 °C for 24 hours. Following selective 

enrichment, loopfuls of each broth were streaked onto Hektoen Enteric Agar (Merck, 

Germany) and Xylose Lysine Deoxycholate Agar (Merck, Germany) plates and incubated 

at 35 °C for 20-24 hours. Presumptive Salmonella colonies were identified and five 

typical colonies were selected for confirmation. Confirmation was performed using 

Lysine Iron Agar (Merck, Germany) and Triple Sugar Iron Agar (TSI) (Merck, Germany) 

slants, incubated at 35 °C for 24 hours. Presumed-positive cultures from TSI slants were 

then transferred to Urea broth tubes and incubated at 35 °C for 24 hours. Final 

identification was achieved through API 20 E (Analytical Profile Index, Biomérieux) 

biochemical testing and serological polyvalent flagellar and somatic antigen assays. 

(Anonymous, 1996). 

3.2.2.3 Staphylococcal enterotoxin 

Staphylococcal enterotoxin determination was performed on the 0th and 14th days 

by VIDAS method based on service procurement at Antalya Food Control Laboratory 

Directorate (Ministry of Agriculture and Food). VIDAS is a reliable and easy-to-use 

automatic benchtop immunoanalyzer. It provides high-quality test results with enzyme-

linked fluorescence assay (ELFA) technology. 

3.2.3 Physicochemical analyses: 

3.2.3.1 Headspace gas composition  

CNMA release was determined by Gas Chromatography (GC) for 2% (v/w) and 

5% (v/w) concentrations on days 3 and 14. GC/MS analysis was performed on a Thermo 

GC Ultra Gas Chromatograph/ ISQ instrument (Figure 3.6). 

HP-5 ms (5% phenyl methyl siloxane) column (15 m) was used for the separation. 

Injection was performed by manual injection from the headspace (Li, 2012). 
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For this purpose, packages were transported under cold chain to Antalya at 

Akdeniz University Food Safety and Agricultural Research Center, and immediately 

analyzed using a GC-MS instrument (Thermo GC Ultra Gas Chromatograph/ ISQ).  

 

Figure 3.6 GC-MS instrument (Thermo GC ultra-gas chromatograph) 

In modeling the diffusion of CNMA, pore diameters ranging from 1 to 400 nm 

necessitate the consideration of both Fickian and Knudsen diffusion, as referenced in the 

literature (Desobry, 2005). The release of antibacterial agents from biopolymers is 

governed by a mass transfer process analogous to heat conduction. In practical 

applications, most diffusion processes result in unsteady diffusion, where the 

concentration varies over time. This behavior is typically modeled using Fick's Second 

Law of diffusion (Dury-Brun, 2007, Cussler, 2009; Bird et al., 2007).  

Fick’s Second Law describes how concentration changes over time due to 

diffusion (Equation 1.1) 

𝜕𝐶

𝜕𝑡
= 𝐷.

𝜕2𝐶

𝜕𝑥2
 (1.1) 

• C = Concentration (mg/m3)  

• t = Time (s)  

• x = Position (m)  

• D = Diffusion coefficient (1×10−9 m2/s) 
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This is a partial differential equation, and solving it analytically requires boundary and 

initial conditions. We’ll model the system as a semi-infinite slab with a fixed diffusion 

path length (the package wall thickness), assuming the cinnamaldehyde diffuses from the 

inner surface (where it’s initially concentrated) to the outer surface (headspace, where 

concentration is initially zero). 

• Surface area (A): 0.061 m2   

• Volume of cinnamaldehyde: 4 mL   

• Initial concentration (C0): 0.39 mg/mL 

• Diffusion coefficient (D): 1×10−9 m2 

• Diffusion path length (L): 2.96 mm=2.96×10−3 m 

• Time (t): 14 days = 14×24×60×60=1,209,600 s  

The package wall was modelled as a thin slab of thickness 𝐿 = 2.96 × 10− 3 m. The 

cinnamaldehyde is initially uniformly distributed inside the package, and diffusion occurs 

through the wall to the headspace. It was assumed: 

• At t=0, the concentration inside the package (at x=0) was C0=0.39×106 mg/m3 and 

the concentration at the outer surface (at x=L) was 0 mg/m3 (headspace, assuming 

instantaneous removal). 

• The package wall was a barrier through which diffusion occurs, and the 

cumulative mass released into the headspace was measured. 

• This setup resembles a diffusion problem with a Dirichlet boundary condition 

(fixed concentration at the boundaries). The solution to Fick’s Second Law for a slab 

with one side at C=C0 (initially) and the other at C=0, over time, can be approximated 

using a series solution. However, for thin slabs and long times, a simplified cumulative 

release formula could be used. 

The cumulative mass released (Mt) from a slab can be approximated using the 

following solution for diffusion out of a slab (Crank, The Mathematics of Diffusion, 1975) 

(Equation 1.2) 

𝑀𝑡

𝑀∞
= 1 − ∑

8

(2𝑛 + 1)2 𝜋2
 𝑒𝑥𝑝 (−𝐷(2𝑛 + 1)2)𝜋2

𝑡

𝐿2

∞

𝑛=0

                    (1.2) 

 

• Mt = Mass released at time t  

• M∞ = Total mass available for release  

• L = Slab thickness  
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• D = Diffusion coefficient  

 

For long times (when 𝐷𝑡/𝐿² was large), the series was quickly converged, and an 

approximation was made by taking the first few terms (often just the first term was 

found to dominate). 

L2 = (2.96×10−3)2 =8.7616×10−6 m2 

𝐷𝑡 = (1×10−9) × 1, 209, 600 = 1.2096 ×10−3m2  

Dt= (1×10−9) ×1,209,600=1.2096×10−3m2 

𝐷𝑡

𝐿2
=

1.2096 × 10−3

8.7616 × 10−6
≈ 138.07 

Since 𝐷𝑡/𝐿² was much greater than 1, the diffusion process was considered well 

advanced, and most of the cinnamaldehyde was assumed to have been diffused out by 14 

days. The first term (𝑛 = 0) of the series was used for a good approximation: 

𝑀𝑡

𝑀∞
≈ 1 −

8

𝜋2
𝑒𝑥𝑝 (−

𝑥2𝐷𝑡

𝐿2
) 

𝑥2𝐷𝑡

𝐿2
= 𝑥2 × 138.07 ≈ 1364.49 

𝑒𝑥𝑝(−1364.49) ≈ 0  (very small, essentially negligible) 

𝑀𝑡

𝑀∞
≈ 1 −

8

𝜋2
× 0 ≈ 1 

It was indicated that nearly all the cinnamaldehyde had been diffused out by 14 

days, which was aligned with the large value of 𝐷𝑡/𝐿². 

M∞ =1.56 mg  

Mt ≈1×M∞ =1.56 mg 

It was confirmed that, under these conditions, the entire 1.56 mg of 2% CNMA and 

3.96 mg of 5 % CNMA was released by 14 days. Convert PPM to Concentration (mg/m3) 

(Equation 1.3) 

Cinnamaldehyde’s molar mass is 132.16 g/mol. At standard conditions (25°C, 1 atm), 

1 ppm of a gas corresponds to a concentration in mg/m3 using the formula (Cussler, 2009, 

Perry,2008): 

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑚𝑔

𝑚3
) = 𝑝𝑝𝑚 ×

𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 (
𝑔

𝑚𝑜𝑙
)

24.45 (
𝐿

𝑚𝑜𝑙
)

 (1.3) 
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Where 24.45 L/mol 24.45L/mol is the molar volume of an ideal gas at 25°C and 

1 atm.  

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑔/ 𝑚3) = 𝑝𝑝𝑚 ×
132.16

24.45 
≈ 𝑝𝑝𝑚 × 5.404 

• 5% CNMA:  

Day 3   8.33 ppm×5.404= 45.015 mg/m3 

Day 14   9.08 ppm×5.404= 49.068 mg/m3 

• 2% CNMA:  

Day 3   2.07 ppm×5.404= 11.186 mg/m3 

Day 14   2.31 ppm×5.404= 12.483 mg/m3 

The package dimensions are: 

• Length: 0.13 m 

• Width: 0.10 m 

• Height: 0.025 m 

The total volume of the package is: 

Total volume=0.13×0.10×0.025=0.000325m3 = 325cm3 = 0.325L 

In food packaging, the headspace is typically 10–20% of the total volume to allow for 

gas exchange and expansion so it was assumed a headspace of 15% of the total volume 

as a reasonable estimate: 

Headspace volume= 0.15×0.000325m3 =0.00004875m3 =48.75cm3 =0.04875L 

Mass in Headspace (Equation 1.4) 

𝑀𝑎𝑠𝑠 𝑖𝑛 𝑡ℎ𝑒 ℎ𝑒𝑎𝑑𝑠𝑝𝑎𝑐𝑒 = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑚𝑔

𝑚3
) × 𝐻𝑒𝑎𝑑𝑠𝑝𝑎𝑐𝑒 𝑣𝑜𝑙𝑢𝑚𝑒(𝑚3) (1.4) 

• 5% CNMA: 

Day 3   45.015 mg/m3×0.00004875 m3=0.0021945 mg 

Day 14   49.068 mg/m3×0.00004875 m3=0.0023926 mg  

• 2% CNMA 

Day 3   11.186 mg/m3×0.00004875 m3=0.0005453 mg  

Day 14   12.483 mg/m3×0.00004875 m3=0.0006086 mg  

3.2.3.2 pH measurements: 

The measurements were conducted on the storage days of 0, 3, 7 and 14 using 

Milwaukee, Mi151 pH/ORP/Temperature Bench Meter. 10 g of sample weighed on 90 

ml of distilled water beakers. Aşure sample was homogenized, then triplicate readings 

were taken and the mean value was expressed (AOAC, 2013). 
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3.2.3.3 Color analysis: 

  The color analysis was performed at the department’s laboratory on days 0, 3, 7 

and 14 by taking the average of three measurements in terms of CIE, L*, a*, b* values 

(Konica Minolta/Data processor DP-400, Japan). CIE L*, a*, and b* colorimetric 

parameters (lightness, redness, and yellowness, respectively) were measured in triplicate 

and subsequently analyzed. 

3.2.3.4 Dry matter basis  

Dry matter of asure was also performed on days 0, 3, 7 and 14 in the food 

department laboratory. According to the gravimetric method, 5 grams of sample from 

each concentration were placed in a pre-weighed drying container. Total weight of the 

sample and pre-weighed container was measured on a precision balance and recorded. 

The drying container was placed in a drying oven, and the temperature was set to 105°C. 

The drying process continued to constant weight. The attainment of constant weight was 

determined when the difference between two consecutive weightings, conducted at 1-

hour intervals near the end of the drying process, fell to 5 mg or less. Once constant 

weight was reached, the lid of the drying container was closed, and the container was 

transferred to a desiccator to cool. After cooling, the drying container was weighed with 

its lid closed, using a balance with a minimum sensitivity of 2 mg. The amount of water 

in the sample was determined by the change in weight from the start to the end of the 

drying process. The remaining weight was calculated as the total dry matter. The kinetics 

of dehydration are influenced by the specific food substance (Cemeroglu, 2007). 

3.2.3.5 Oxygen permeability 

The oxygen transmission rate (OTR) was determined utilizing an oxygen 

permeation analyzer (8001, Systech Illinois Instruments Co., Johnsburg, IL, USA) 

(Figure 3.7). The experimental temperature for the samples was 23°C and 0% relative 

humidity (RH) in accordance with the ASTM D 3985 method (Salmas, 2021). Oxygen 

transmission rate (OTR) values were quantified in in cubic centimeters of O₂ per square 

meter per day (cc O₂/m²/day). These analyses were performed at the Department of Food 

Science and Technology, University of Patras, Greece. 
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Figure 3.7 Oxygen permeability analysis of 3D printed food pack sample using an oxygen 

permeation analyzer 

  

Gas permeability through polymers can be represented as follows (Equation 2.1): 

𝐽

𝐴
=  𝑃𝑒𝑔𝑎𝑠.

∆𝐶

∆𝑥
 (2.1) 

where J/A [mol/(cm²s)] indicates the specific amount of gas passing through the 

membrane, Pegas (cm²/s) is the permeability coefficient, ΔC (mol/cm³ STP) represents the 

pressure gradient across the two opposite sides of the membrane, and Δx (cm) denotes 

the membrane thickness (Equation 2.2); 

Pegas=

𝐽

𝐴 × ∆∁
× ∆𝑥 (2.2) 

By performing a dimensional analysis, the term J/(ADC) [cm³ STP/(cm²s)] 

corresponds to the OTR measurements. Therefore, in the context of the study oxygen gas 

(Equation 2.3);   

Pe𝑂2 = 𝑂𝑇𝑅 × ∆𝑥 (2.3) 
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The oxygen permeability coefficient values (PeO2) for the tested samples were d

etermined by multiplying the OTR values by the average thickness of the 3D 

printed food packages (Yasuda, 1975). 

3.2.3.5 Tensile properties  

The tensile properties of 3D-printed food packages made from PLA were 

measured using the ASTM D638 method. A Shimadzu (AX- 5kNt model) instrument 

(Shimadzu, Japan) was used to measure the tensile properties of vertical walls of inner 

and outer layers of the 3D food pack (three different samples) at an across head speed of 

2 mm. min-1 (Figure 3.8). The samples were shaped like dumbbells with gauge 

dimensions of 10 x 3 x 0.22 mm (Figure 3.9). The stress, strain, and modulus of elasticity 

values were derived from the recorded force (N), deformation (mm), and gauge 

dimensions. 

 

Figure 3.8 Shimadzu AX-G 5kNt instrument 
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Figure 3.9 Dumbbell shaped 3D printed food pack wall samples 

3.2.4 Sensory analyses: 

A panel was recruited from Alanya Aladdin Keykubat University to participate in 

a five-point hedonic test. 

  Ethical approval for this study was granted by the Faculty Research Ethics 

Committee at the University, under reference number 2024/01. A group of 16 untrained 

participants (3 males, 13 females) attended the panel disregarding their demographic 

characteristics (Figure 3.10). The panelists were asked to assess aşure samples for sensory 

scores of sweetness, cinnamon aroma, and cinnamon odour for samples with 2% and 5% 

CNMA concentrations.  

The testing scale was a five-point hedonic category scale where 1 represented 

dislike extremely and 5 represented like extremely on the selected modality. Panelists 

were asked to put a random point on the panelist scale forms without indicating digit 

numbers. Aşure samples were cooked on the day of sensory assessment, and tested on 

days 0, 7, and 14 of cold storage. For day 0 prior to testing, samples were held for three 

hours to allow CNMA odour release in the package. Samples were presented in individual 

cups with randomized four-digit codes which were chosen randomly and thermally 

equilibrated to room temperature for 20 minutes preceding the sessions. Each panelist 
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carried out their own judgment on their specified time periods. A median score of 2.5 was 

regarded as a threshold standard for acceptable quality.  

 

Figure 3.10 Sensory panel 

  

3.2.5 Statistical analyses 

Trials were performed in duplicate. Results were analyzed using a single-factor 

variance analysis (ANOVA) to assess the impact of CNMA levels (2% and 5%), relative 

to the untreated samples, throughout the storage period for each measured parameter. A 

Duncan multiple range test was then executed at a statistical significance threshold of 

p<0.05 (Sokal & Rohlf, 1987). 
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4. RESULTS  

4.1 Microbiological Analyses 

4.1.1 Total viable counts  

Total Viable Count (TVC) analyses were conducted on samples containing both 

for 2% (v/w) and 5% (v/w) concentrations were preserved at 4°C over a 14-day period, 

with evaluations performed on days 0, 3, 7, and 14. No microbial growth was detected in 

any of the samples throughout the duration of the study. 

4.1.2 Salmonella spp. 

For Salmonella spp. Detection, day 0 and day 14 samples of each concentration 

were taken to be tested. Following the ISO 6579 and FDA procedures four subsequent 

steps were applied. No Salmonella spp. was observed in any of the 2% (v/w) and 5% 

(v/w) concentration samples. However, for 2% (v/w) concentration sample on day 0, 

Pseudomonas aeruginosa and Escherichia coli were identified in accordance with the 

performed biochemical tests. These bacterial species were not detected in the subsequent 

storage days. 

4.1.3 Staphylococcal enterotoxin 

Samples with 2% (v/w) and 5% (v/w) concentrations stored on days 0th and 14th 

were analyzed using the VIDAS method. No staphylococcal enterotoxins were detected 

in each of the tested samples.  

4.2 Physicochemical Analyses 

4.2.1 Headspace gas composition 

The data of the headspace gas composition tests analyzed on the 3rd and 14th 

storage days showed that the CNMA concentration increased over the storage period in 

both sample sets (2% (v/w) and 5% (v/w) (Table 4.2). 

According to the Fick’s Second Law diffusion modelling on Table 4.1 the 

outcomes were shown. Fick’s Second Law governs the release, indicating that the driving 

force for diffusion is proportional to the concentration gradient. 
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Table 4.1 Theoretical CNMA Release Over 14 Days 

CNMA 

Concentration 

 

Initial Mass (mg)  Theoretical 

Release (mg) 

Headspace 

Concentration 

(ppm) 

Estimated 

Headspace Mass 

(mg, 0.1 L) 

5% (0.99 mg/mL) 3.96 3.96 8.33 (Day 3)  

9.08 (Day 14)  

0.00219 (Day 3) 

0.00239 (Day 14) 

2% (0.39 mg/mL) 1.56 1.56 2.07 (Day 3)  

2.31 (Day 14) 

0.00055 (Day 3) 

0.00061(Day 14) 
 

4.2.2 pH measurements 

Samples containing 2% and 5% concentrations of CNMA were monitored on days 

0, 3, 7, and 14 of storage. Based on the statistical analysis, no significant disparities (p > 

0.05) were found among the storage days, as documented in Table 4.2. 

4.2.3 Dry matter basis 

The total dry matter amount of aşure which was for 2% (v/w) and 5% (v/w) concentrations 

were monitored over the 0th, 3rd, 7th, and 14th days of storage. According to the statistical 

analyses there were no significant (p>0.05) changes during the storage period in both 

sample sets (Table 4.2). 

4.2.4 Color analysis 

2% (v/w) and 5% (v/w) concentrations of the samples tested on the storage days at 0, 3, 

7 and 14. Collected data in terms of CIE, L*, a*, b*, ∆E* values were presented in Table 

4.2. Based on the data; CIE L* values for the 2 % concentration of CNMA slightly 

decreased on the 7th day, however subsequent days there were no significant (p>0.05) 

changes. In case of the 5% concentration similar trend was observed, no significant 

changes (p>0.05) were observed throughout the sampling days. CIE a* values of the 5% 

concentration dramatically decreased from starting on day three, while there were no 

significant (p>0.05) changes between 0th and 14th day of the 2% concentration sample 

set.  
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Table 4.2 Physicochemical Properties of Asure Samples with Cinnamaldehyde at 2% and 5% 

Concentrations During Storage Period 

  Storage Days 

  CNMA %  0 th. 3 rd. 7 th. 14 th. 

Concentration 

(ppm) 

2% 0.10±0.0* 2.07± 0.58 N/A 2.31 ±0.49 

5% 0.10±0.0* 8.33±1.12 N/A 9.08±0.18 

  

pH 

2% 7.06±0.52 6.04±0.23 6.87±0.29 6.88±0.19 

5% 6.90±0.42 6.43±0.43 6.89±0.29 6.98±0.03 

  

Dry Matter (%) 

2% 47.35±6.43 48.00±0.84 44.50±0.42 44.75±1.90 

5% 45.00±4.94 50.40±2.40 45.45±0,21 46.00±3.11 

COLOR L* 
2% 13.64 ±0.52b 14.29±2.49b 10.33±0.72a 12.54±0.97b 

5% 16.96±0.42 a 15.44±0.43a 12.77±0.29a 15.01±0.03a 

COLOR a* 
2% 1.67±0.66ab 1.01±0.49a 1.75±0.51b 1.52±0.45 ab 

5% 1.68±0.30 b 0.99±0.09a 1.11±0.35a 1.14±0.47a 

 COLOR b* 
2% 5.67±1.15a 5.23±1.11a 4.94±0.06a 5.25±0.57a 

5% 6.20 ±0.85 b 5.53±1.31ab 4.66±0.24a 5.85±1.15ab 

  

∆E* 

2% 78.26±1.90 77.59±2.47 81.56±0.74 79.35±0.96 

5% 74.94±2.79 76.45±4.36 79.10±2.05 76.9±3.35 

  

 

 

 

 

 

 

   

Values are means ± SD.

Values in rows with different letters indicate significant differences (P < 0.05).

No letters indicate no significant differences (P > 0.05) in rows.

N/A  not assessed

* The concept of value is inherently self-ascribed

4.3 Barrier Properties

  The  package floor thickness, oxygen permeability coefficient values (PeO₂) and

the oxygen transmission rate (OTR) values were presented below (Table 4.3).

Table  4.3  Package floor  thickness  and PeO₂  values of 3D printed food pack 

 

4.4 Tensile Properties 

The mean value of the elastic modulus, E modulus (Young’s Modulus), ultimate 

tensile strength (σ uts (MPa)) and Strain at Break (εb %) are provided in Table 4.4. 

 

 

FloorPackage

Thickness 

 (mm) 

OTR 

 (mL m -2 day1) 

 

 

 
 

PeO₂
(10-9  cm2/s) 

2.96 ± 0.18 6.85 ± 0.01 2.35 ± 3.43 
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Table 4.4 Modulus of elasticity (E), tensile strength (uts), and % elongation at break ("b) of the 3D food 

pack 

Samples E Modulus 

(MPa) 

σuts (MPa) εb % 

Outer layer 2055.53± 184.9 66.16± 15.39 13.3± 1.56 

Inner layer 1454.66± 199.71 42.37± 8.40 17.83± 9.10 

4.5 Sensory Analyses 

The mean sensory data for the aşure samples packed in food packages containing 

CNMA, evaluated by panelists on days 0, 7, and 14 of the storage periods, are shown in 

Table 4.4. The sensory scores of sweetness, cinnamon aroma, and cinnamon odour for 

samples with 2% and 5% CNMA concentrations, according to the five-point hedonic 

category scale panelists, reported no significant dissatisfaction with the samples they 

tasted. 

Table 4.5 Mean scores of the sensory analysis dependent on concentration 

  

 

     Mean Scores 

Concentration Sensory 

Parameters 

0th day 7th day 14th day 

 

 

%2 CNMA 

Odour 2.34±1.32 2.85±1.32 1.76±1.36 

Aroma 2.58±1.36 2.79±1.27 2.73±1.76 

Sweetness 3.91±1.42 3.6±1.41 3.89±1.50 

 

 

%5 CNMA 

Odour 2.51±1.20 2.96±1.41 2.25±1.15 

Aroma 2.71±1.19 2.84±1.47 2.75±1.54 

Sweetness 3.71±1.49 3.72±1.25 3.56±1.57 

Values are means ± SD 

N=16 (total number of the 

panellists) 
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5. DISCUSSION 

5.1 Antimicrobial Activity 

Items containing elevated levels of sugars are notably prone to degradation by 

fungal microorganisms. Osmophilic yeasts pose a significant threat in food storage due 

to their ability to thrive in environments with high salt or sugar concentrations. These 

yeasts not only adapt to the restrictive conditions of high osmotic pressure but also exhibit 

remarkable resistance to common preservatives like sulfur dioxide, sorbic acid, benzoic 

acid, and acetic acid (Warth 1985). Yeasts are capable of evolving resistance mechanisms 

against preservatives following extended exposure to diminished concentrations 

(Jenie,2010). 

The recipe for aşure, with nearly 50% of its total weight comprising sugar, 

classifies it as an osmophilic dessert. Such environments are particularly conducive to the 

presence of osmophilic yeasts. Yeasts are the most common osmophilic microorganisms 

encountered in non-ionic, high-osmolarity environments, such as foods rich in sugar. 

Osmotolerant yeasts are frequently associated with the microbial degradation of foods 

with elevated saccharide content, exemplified by jams, honey, concentrated fruit 

preparations, and chocolate sweets with soft interiors. Spoilage in these products is often 

characterized by gassing, slime formation, and off-flavors (Kim, 2014) 

Cinnamaldehyde has been reported to influence microbial cell morphology and surface 

texture (Clemente, 2016). Additionally, Evidence indicates that it induces lesions in 

microbial cell envelopes, plasma membranes, and mitochondrial organelles, in addition 

to disrupting the morphogenesis of fungal spores and spore-bearing structures. The 

antimicrobial activity of cinnamaldehyde is predominantly attributed to its electrophilic 

carbonyl group’s ability to react with microbial nucleophile groups, including protein 

sulfhydryl and amino groups (Balaguer, 2013).  

Shen (2015) reported that exposure to the minimum inhibitory concentration 

minimum inhibitory concentration (MIC) of cinnamaldehyde (0.31 mg/mL) causes 

damage to cell morphology, membrane integrity, and permeability in E. coli and S. 

aureus. Additionally, higher concentrations of cinnamaldehyde result in more severe 

damage to bacterial membranes. In the present study, the lack of microbial viability can 

be attributed to the cinnamaldehyde concentration reaching 0.99 mg/mL for 5% CNMA 

concentration and 0,39 mg/mL for 2% CNMA concentration in the package atmosphere. 
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It is, therefore, the pre-determined concentrations of CNMA both in 2% and 5% 

efficiently inhibited the probable microbial growth in the sealed atmosphere.  

Another study indicated that; CNMA vapor can inhibit the synthesis of ergosterol, 

the primary sterol derivative of the fungal plasma membrane, which is crucial for cell 

viability, material transport, membrane integrity, and fluidity in Aspergillus niger HY2. 

Additionally, it promotes malondialdehyde production and causes plasma membrane 

damage, leading to the leakage of intracellular contents. The reduction in mitochondrial 

membrane potential, adenosine triphosphatase activity, and succinate dehydrogenase 

activity further demonstrated impaired mitochondrial function (Niu et al., 2022). The 

application of CNMA nanoemulsions resulted in the highest inhibitory effect against 

Salmonella typhimurium and Staphylococcus aureus, demonstrating the lowest MIC 

values (Badr, 2022). The antimicrobial properties of cinnamon have been thoroughly 

documented in the literature. Studies have shown that cinnamon essential oil at 

concentrations of approximately 0.08% (v/v) is bacteriostatic, while at 0.1% (v/v) it is 

bactericidal against foodborne pathogens. Generally, Gram-positive bacteria exhibit 

greater sensitivity to these concentrations compared to Gram-negative bacteria (Bouhdid 

et al., 2010; De La Torre Torres et al.,2017; Mazzarrino et al.,2015; Smith-Palmer, 1998).  

This study demonstrated that cinnamaldehyde, within concentrations of 2% (v/w) and 5% 

(v/w), effectively inhibited the probable growth of viable bacteria on days 0, 3, 7, and 14, 

which aligns with the previous studies. Considering this knowledge, the absence of 

Salmonella spp. and the negative results in staphylococcal enterotoxin tests might be 

attributed to this mechanism. 

5.2 Physicochemical Analyses 

5.2.1 Headspace composition 

To determine efficacy of essential oils in the vapor phase for antimicrobial activity 

testing for foods is an innovative approach (Lopez et al., 2005). As documented in earlier 

works antimicrobial sensitivity of bacterial types are noticeably different from direct 

contact testing methods such as disc diffusion tests (Goñi et al., 2009). The antimicrobial 

properties of EOs and their vapor-phase combinations are closely linked to the headspace 

composition. Phenolic compounds, in particular, have been extensively documented for 

their significant antimicrobial efficacy (Baydar et al., 2004; Lopez et al., 2007b). The 

headspace composition of cinnamon EO, and consequently the cinnamon–clove 

combination, contains various compounds at trace levels. Lopez (2005) conducted a study 
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exploring the potential of using natural compounds to create a protective atmosphere, 

thereby extending the shelf life of packaged foods while minimizing organoleptic 

changes. The study tested the antimicrobial properties of six different essential oils: 

cinnamon (Cinnamomum zeylanicum), clove (Syzygium aromaticum), basil (Ocimum 

basilicum), rosemary (Rosmarinus officinalis), dill (Anethum graveolens), and ginger 

(Zingiber officinale). These oils were evaluated against various microorganisms using 

solid and vapor diffusion tests. The EOs were examined against four Gram-positive 

bacteria, four Gram-negative bacteria, and three fungi. Among all Eos the results were 

remarkable about cinnamon and clove oil. Cinnamon and clove showed the strongest and 

similar inhibitions. Clove and cinnamon oils were the most effective, generating a unique 

atmosphere containing compounds like calamenene and thymol, known for their 

antimicrobial properties. Additionally, eugenol was found at high concentrations, 

contributing significantly to their effectiveness. In contrast, basil oil was ineffective due 

to the lack of relevant compounds like estragol. Despite having âbeta-caryophyllene and 

R-humulene, rosemary oil showed no antimicrobial effect, indicating these compounds 

are less effective than eugenol (Lopez et al., 2005). 

Notably, cinnamaldehyde, a well-documented powerful antimicrobial agent, is 

among these compounds (Lopez et al., 2007b; Valero, 2006). A recent study evaluated 

the antifungal effects of CNMA vapor against Aspergillus niger HY2. The results 

indicated that CNMA in the vapor phase was more effective than in liquid phase. CNMA 

vapor can inhibit the ergosterol synthesis of A. niger HY2, promote malondialdehyde 

production, and cause plasma membrane damage, leading to leakage of intracellular 

contents. The reduction in mitochondrial membrane potential, adenosine triphosphatase, 

and succinate dehydrogenase activities also revealed impaired mitochondrial function 

(Niu, 2022).  

In the current study, the 2% concentration of CNMA sample was showed results 

of 2.07 ppm on the third day and 2.31 ppm on the fourteenth day. The other test sets (for 

day 3 and 14) results of 5% concentration of CNMA were 8.33 ppm and 9.08 ppm, 

respectively. These findings indicate no significant (p>0.05) changes at 2% (v/w) and 5% 

(v/w) concentrations (Table 4.2).  

The design of Controlled-Release Packaging (CRP) systems is grounded in the 

concept of target release rate, which is defined as the specific release rate or range of 

release rates of active compounds necessary to effectively inhibit microbial growth or 

lipid oxidation at the target site (Zhu, 2012). The release rates of active compounds must 
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strike a balance. A rapid release can result in an excessive amount of tocopherol being 

released compared to free radical production, causing the surplus tocopherol to form 

dimers or other products, making it unavailable for subsequent stages of lipid oxidation. 

On the other hand, a slow release will not permit sufficient amounts of tocopherol to 

effectively inhibit lipid oxidation (Balasubramanian, 2012).  

Assessing the controlled release of active compounds in the headspace of a food 

pack is of paramount importance. This suggests that the food pack provided an effective 

barrier while maintaining an adequate release rate in the headspace atmosphere. 

To the best of current knowledge, this is the first study of a prototype of a food 

pack concerned on target release rate, replacing instant addition of additives in food 

formulations. In the previous research (Uzunlu and Niranjan, 2017), a 5% concentration 

of CNMA demonstrated strong antimicrobial activity, while a 1% concentration (Uzunlu, 

2019) effectively inhibited E. coli and S. aureus bacteria. Considering this data, current 

study showed that CNMA effectively stored at the headspace of the 3D printed food 

packages, therefore exhibiting no presence of microbial organisms during the shelf-life 

period. Aşure containing 3D printed food packages exhibited high barrier properties both 

for release of CNMA at the headspace and oxygen transmission rate.  

At 5% of CNMA (0.99 mg/ml), the initial concentration is significantly higher 

than at 2% of CNMA (0.39 mg/ml). This means there is more CNMA available for 

diffusion in the system with a higher concentration. The 2% of CNMA starts with a lower 

concentration, limiting the total amount of CNMA available for release. 

At 5% CNMA (0.99 mg/mL), the greater concentration difference leads to a faster 

initial release rate compared to 2% CNMA (0.39 mg/mL). The release from 2% CNMA 

is expected to be slower throughout the process, as the lower concentration difference 

results in a weaker diffusion driving force. 

Over 14 days, the 5% CNMA releases a greater mass of CNMA due to its higher 

initial concentration. For the 2% CNMA, although the release rate is slower, its diffusion 

pattern is expected to exhibit a similar overall behavior, but with a proportionally lower 

total released mass. 

The 5% of CNMA would provide stronger antibacterial activity because more 

CNMA is released into the environment over time. This may be suitable for applications 

where higher efficacy is needed. The 2% of CNMA could be used for situations where a 

slower, more controlled release is desired to avoid high concentrations or prolong the 

effectiveness of the agent.  
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Table 4.1 summarizing the Fick’s Second Law data for the theoretical release of 

cinnamaldehyde (CNMA) over 14 days. It includes the initial mass, theoretical release, 

and experimental headspace concentrations for comparison. For both concentrations, the 

dimensionless time parameter (Dt/L2≈138) suggested nearly complete release within 14 

days. 

The headspace masses were much smaller than the theoretical release 3.96 mg and 

1.56 mg respectively, suggesting that most CNMA was either absorbed by the food 

(aşure) or remains within the package matrix, consistent with a controlled-release system.  

The slight increase from day 3 to day 14 (0.00219 mg to 0.00239 mg for 5% 

CNMA 0.00055 mg to 0.00061 mg for 2% CNMA) aligns with the experimental data 

showing a gradual rise in headspace concentration. The comparison was made to reveal 

that, although complete release of CNMA was predicted by Fick’s Second Law, the 

measured headspace concentrations indicated that a slower, sustained release had been 

achieved, thereby demonstrating the effectiveness of the 3D-printed package in 

preserving antimicrobial activity over a 14-day period. 

The parameters obtained from Fick's diffusion equation are theoretical values 

derived from empirical data. To enhance the applicability of Fick's diffusion models, 

future research should prioritize accurately determining the concentration of natural 

agents within active food packaging types. 

5.2.2 pH 

The pH value of aşure stored in package with 2% CNMA was found to be as 7.06 

on day 0. The following measurements on the 3rd, 7th and 14th days were 6.04, 6.87 and 

6.88, respectively. The pH value of the other samples with 5% of CNMA was 6.90. 

Subsequent days, the pH was measured as 6.43, 6.89 and 6.98, respectively. Both 

concentrations showed no dramatic changes (p>0.05) from day 0 to day 14. All the data 

remained around neutral values. The stability of pH values at 4°C might be attributed to 

the refrigerated temperatures (Cetin, 2020).  

In a study, the nano emulsifiers were prepared with cinnamon oil and CNMA 

exhibited pH values of 6.17 and 6.10, respectively. These findings are in line with the 

current study’s pH range. Since these values remain within the neutral pH range, 

combined usage of CNMA could be considered as safe for food applications (Badr, 2022). 

Taking account of cinnamon EO possesses acidic properties, when added to milk rice 

pudding in direct contact, the milk content has promoted a decrease in pH (Ibrahim, 
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2024). However, in the current study, the barriers of 3D food packages prevent direct 

contact with the cinnamaldehyde and thus the food samples showed no decrease in terms 

of pH. 

5.2.3 Dry matter mass 

Aşure is a traditional dessert consisting of grains, legumes (chickpeas, kidney 

beans, wheat), and dried fruits (grapes, apricot, fig). Carbohydrate-rich foods, such as 

wheat, chickpeas, and dried beans, are classified as staple foods due to their high starch 

content, ranging from 39.6% to 62.85% (Turksoy, 2018). Starch, a high molecular weight 

oligosaccharide, forms a significant portion of the dry mass of food products. Therefore, 

traditional aşure contains fructose and saccharose from dried fruits, providing sweetness 

and a rich carbohydrate content from cereal legumes. Consequently, aşure has a dry 

matter basis of approximately half (Turksoy, 2018).  

The dry matter content of the aşure samples stored in 3D printed food packages 

with cinnamaldehyde at 2% and 5% concentrations was monitored over 14 days. At both 

concentrations, the dry matter content showed no significant (p>0.05) change. At 2% 

concentration, the dry matter content slightly increased from 47.35% on day 0 to 48 % on 

day 3 but showed a decrease to 44.5 % on day 7, where reached to 44.75% on day 14. 

This decline suggests potential moisture change or redistribution within the packaging 

environment over time, likely due to the hygroscopic properties of the dessert. For the 

5% concentration, a similar trend was observed, with dry matter increasing from 45 % on 

day 0 to 50.4 % on day 3, followed by a decrease to 45.45% on day 7 and stabilizing at 

46 % on day 14. The higher variability in dry matter content at this concentration could 

be attributed to the increased release of cinnamaldehyde, potentially interacting with the 

dessert's moisture content. 

The presence of cereal legumes, combined with the sweetness of dried fruits, 

increases the food's water-binding capacity, thereby reducing the amount of free water 

and increasing the amount of bound water. This reduction in free water helps prevent 

biochemical reactions and microbial growth, establishing a positive correlation between 

the food's water activity and its shelf life. 

5.2.4 Color 

The CIE L*, a*, b* color measurement system is a standardized and approved 

method used to assess food color quality (Kato et al. 2000; Velu et al. 2006; Nasar-Abbas 

et al. 2009). The L*, a*, b* color system was employed in this experiment, the L* value 
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representing the lightness of the product color, the a* value indicating redness, and the 

b* value measuring the yellowness of the food product.  

In the current study, the CIE L* value showed no statistical change when 

comparing the initial and final days of the analysis. The 3D food packages containing 

different concentrations of cinnamaldehyde did not affect the brightness of the food, as 

they did not come into direct contact with the food. 

CIE a* values decreased in the storage period for both concentrations, as well as 

CIE b* had the same trend (Table 4.2). Cocero et al. 2009 documented that lemongrass, 

cinnamon, and sandalwood essential oils exhibit a color range from light yellow to red-

orange, while bergamot and chamomile EOs reveal green and blue hues, respectively. 

Based on this knowledge, the observed decrease in the CIE b* value of the aşure 

samples suggests that the yellowness of the dessert did not increase as a result of the 

indirect incorporation of CNMA EO. This indicates that the addition of CNMA did not 

significantly alter the color characteristics of aşure in terms of its yellowness. 

The tendency to decrease about CIE a* and b* might be associated with 

approaching the end of its shelf life.  To understand total variation of color parameters, 

∆E* showed no significance (p>0.05). Although ∆E* showed no statistical change, an 

increase was observed over the storage days, meaning a reduction in color lightness and 

an increase in darkening. Generally, these changes correspond to non-enzymatic 

darkening and may be related to the polymerization reactions of low molecular weight 

phenolic compounds into high molecular weight tannins (Reyes-Moreno, 2000). 

A study was conducted on soybean grains to monitor the color, texture, and 

cooking quality of the bean testa during the storage period. Soybean (Glycine max L.) 

samples were stored for a duration of 12 months, with observations made at intervals of 

0, 3, 6, 9, and 12 months. The samples were maintained at three different moisture 

contents (MC) of 9%, 11%, and 13%, and at three temperatures of 10°C, 20°C, and 30°C. 

Storing soybeans for 12 months at a higher moisture content (13%) and temperature 

(30°C) caused significant color changes and darkening of the soybean testa. Conversely, 

lower moisture content (9%) and temperature (10°C) resulted in minimal color change. 

Aligned with the current study’s findings the refrigerated aşure samples showed minimal 

color changes. Moreover Yousif, (2014) indicated that storage conditions greatly 

influence soybean testa color quality, impacting consumer acceptability and market value, 

and cold storage is a preferable option to maintain a lighter color in grains, as suggested. 
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Terzi (2020) aimed to obtain protein isolate from Phaseolus vulgaris L. beans and 

investigated its effects on the quality characteristics of products such as cakes and plant-

based patties. An increase in protein content in the cake samples was observed to 

correspond with an increase in ΔE*. Similar results have been reported for cake samples 

containing bean, pea, and amaranth protein isolates. It has been suggested that this is due 

to the increased protein content, which raises the proportion of amino acids that can 

participate in the Maillard reaction (Shevkani, 2014). Taking account of aşure recipe the 

protein content seems to be high enough, when considering Maillard reaction in cooking 

procedures. 

5.3 Barrier Properties 

The thickness of the 3D food pack was approximately 2.96 mm. The value of 

oxygen transmission rate was 6.85 mL m⁻²/ day, it suggests that the packaging had a 

relatively consistent oxygen barrier performance. The 3D printed food packages made 

from PLA had adequate thickness and oxygen barrier properties which directly affect the 

packaging's performance in preserving food quality, as determined previously (Marano, 

2022). Polypropylene (PP), with an oxygen transmission rate (OTR) typically ranging 

between 93 and 300 ml (STP) m⁻²/day, exhibits lower oxygen barrier properties compared 

to PLA. This makes PLA a promising alternative for food packaging applications, 

especially where enhanced oxygen barrier performance is required (Lu, 2018).  

  Therefore, using PLA as a packaging material, particularly for fresh foods, can be 

considered a more suitable option, as it limits oxygen transfer to a greater extent. 

It was planned in the current thesis study that to introduce cinnamaldehyde in the 

gas phase, for preserving food quality would be a key concern in minimizing foodborne 

disease risks. 

5.4 Tensile Properties 

5.4.1 Elastic modulus 

The Elastic Modulus (Young’s Modulus) is a measure of the material's stiffness 

or resistance to elastic deformation when a stress is applied. Higher values of E Modulus 

indicate stiffer materials (Salem, 2022). This stiffness might be critical for maintaining 

the package's shape, protecting contents during handling, and stacking during storage and 

transportation. It may also include surface treatments for printability, water resistance, or 

enhanced barrier properties against oxygen or moisture, critical for food preservation 

(Marano, 2022). Outer and inner layers of the 3D Food Pack elastic modulus mean values 
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were measured as 2055.53 ± 1184.96 MPa and 1454.66 ± 199.71 MPa, respectively. The 

outer layer is significantly stiffer than the inner layer, with a higher E Modulus. This 

suggests that while the outer layer contributes to the structural rigidity of the food 

container, the less rigid inner layer is thought to enhance permeability, facilitating the 

diffusion of the antimicrobial agent. 

5.4.2. Tensile strength (σuts) 

Tensile Strength (also called Ultimate Tensile Strength, or σuts) is the maximum 

stress that a material can withstand before breaking or failing. It is a measure of the 

material’s resistance to breaking under tension. The outer layer is measured as a higher 

tensile strength (66.16 MPa) than the inner layer (42.37 MPa). In a comparative study, 

Bhasney (2020) conducted, PLA and PP materials tensile strength were measured as 47.2 

MPa and 21.6 MPa respectively.  PLA demonstrates more than double the tensile strength 

of PP, suggesting that it can endure significantly higher stress before breaking when 

subjected to tension. Among both materials, the ultimate tensile strength (UTS) values 

for PLA are consistent, aligning closely with previously reported values. This consistency 

underscores the reliability of the mechanical performance of PLA as a material, 

particularly in applications requiring high tensile strength. In sum, while both PP and 

PLA are suitable for packaging, PLA shows competitive tensile strength but may require 

additional optimization for ductility to fully match PP's versatility. This reinforces PLA's 

viability as a more sustainable alternative for rigid packaging applications. 

5.4.3 Strain at break (εb) 

Strain at Break (εb) is the elongation or deformation of a material experienced 

before it breaks. It is expressed as a percentage of the original length of the sample. The 

inner layer showed a higher strain at break (17.83%) compared to the outer layer (13.3%), 

meaning the inner layer can stretch more before breaking, indicating it is more ductile or 

flexible. The outer layer was less ductile and breaks at a lower strain. In sum, the outer 

layer seemed to be designed for more load-bearing and structural applications, being 

stiffer and stronger, but with less flexibility. On the other hand, the inner layer had better 

flexibility and elongation capacity, making it potentially more suitable for applications 

were bending or stretching is important, though it was weaker and less stiff. The 

flexibility and elongation capacity of the inner layer can be a double-edged sword. It can 

either promote gas transfer (for controlled release) or increase the loss of volatile 

compounds. The inner layer’s greater flexibility and lower stiffness can prevent cracks 
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and maintain a secure seal, especially for vacuum-sealed or irregularly shaped products. 

The effect depends on the specific application, and balancing these properties with other 

barrier layers or material treatments may be necessary to achieve the desired result 

(Marano, 2022).  

It is suggested that PLA exhibits high ultimate tensile strength (σm) and low 

elongation at break (εb), which can be attributed to its rigid and brittle nature. This 

behavior arises from PLA's semicrystalline structure and its inherent stiffness due to its 

molecular configuration. The high σm makes PLA suitable for applications requiring 

strength and rigidity, but its low εb limits its performance in scenarios requiring flexibility 

or toughness (Llanes, 2021). 

5.5 Sensory Analysis 

In the obtained data, no change was observed for the cinnamon odour at 

concentrations of 2% and 5%. The samples with 2% concentration had a close score to 

the acceptable threshold value of 2.5 on the first trial day and decreased below 2, by the 

14th day. The samples with 5% cinnamaldehyde had the highest score as an expected 

consequence of higher concentration (Table 4.5). Both concentrations were more 

acceptable on the 7th day due to the release of cinnamaldehyde. After 14 days of storage, 

it was found that the cinnamon odour reduced in both experimental sets due to the volatile 

compounds of cinnamaldehyde.  Antigo et al. (2017) conducted a study on a traditional 

dessert of Brazil, dulce de leche. Throughout the 210-day storage period, a sensory 

analysis was conducted, which included testing antimicrobial properties as well as 

evaluating odour and taste parameters. The results indicated that the cinnamon essential 

oil achieved the acceptance rating closest to the control group among the cinnamon, clove 

oil, and clove-cinnamon oil mixture samples. The product with cinnamon essential oil 

received an acceptance rating of 81.67 %. The mixture of cinnamon and clove stem 

essential oils had an acceptance rating of 78.22 %, while the sample with clove stem 

essential oil achieved an acceptance rating of 79.78 % (Antigo, 2017). 
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Figure 5.1 Sensory analysis scores dependent on concentrations 

Panelists started the sensory analysis by evaluating the cinnamon odour and then 

continued by tasting and scoring the cinnamon aroma. The cinnamon aroma received a 

preference score proportional to its percentage intensity. Both concentrations achieved 

the highest aroma scores on the 7th day of storage, but by the 14th day, their scores 

decreased below the initial values. In terms of aroma, the samples containing 5% 

cinnamon experienced a greater loss in score on the 14th day when compared to the 7th 

day. However, the aroma score of the 5% sample was consistently higher than that of the 

2% sample on each storage day. This can be explained as an intensity-dependent behavior. 

In a comparative study of milk rice pudding, the antimicrobial properties and sensory 

characteristics of clove oil and cinnamon essential oil were evaluated. Both samples were 

prepared at a concentration of 0.6%. Measurements indicated that cinnamon essential oil 

received a higher preference score in terms of flavor (Ibrahim, 2024). In Turkish culture, 

the dessert aşure is enriched with cinnamon spice and served. Therefore, the perceived 

cinnamon aroma or odour may contribute to its acceptance by consumers without causing 

no discomfort. To sum up, from a moderate to strong scale positive relationship between 

aroma and odour scores can be suggested for the 2% and 5% CNMA samples. Notably, 

there was a noticeable enhancement in aroma as the odour became stronger. 
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Figure 5.2 Sensory analysis scores dependent on parameters 

In this study, the effect of cinnamaldehyde release on sweetness was evaluated. 

Panelists scored the highest acceptance on the hedonic scale for both concentrations. 

However, according to the panelists the 2 % concentration sample sets were more 

acceptable compared to the 5% of CNMA samples. A similar study demonstrated that 

among three 0.25%, 0.50% and 0.75% concentrations, the lowest one was the most 

preferable in terms of tasting dark chocolate with cinnamon essential oil (Dwijatmoko et 

al., 2016). Therefore, preferring a lower concentration can be more economical and 

preferable in terms of food quality.  

A recent study by Matsumoto et al. (2023) demonstrated that transient receptor 

potential (TRP) channels are found in various tissues and cell types, including the taste 

cells and nerves in circumvallate papillae. TRP channels are thought to play a role in taste 

sensitivity, as the temperature at which food is tasted influences flavor perception. TRP 

melastatin 5 (TRPM5) in taste cells is crucial for the transmission of sweet, bitter, and 

umami flavors (Pérez, 2022). Also, cinnamaldehyde can only express spicy flavor 

through TRPA1 channel (Nkambeni et al. 2021). Findings from previous studies indicate 

that the perception of cinnamon and sweetness is detected by two different transient 

receptor potential channels (TRP). Therefore, the relationship between sweetness and 

cinnamon should be considered as a complex and indirect interaction, which is based on 

the reported studies. The rate of cinnamaldehyde release for both concentrations 

contributed no both in positive and negative in terms of sweetness index and perceived 

sensorial judgment.  

 

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

%2 CNMA %5 CNMA
Odour

%2 CNMA %5 CNMA
 Aroma

%2 CNMA %5 CNMA
Sweetness

0 day 7 day 14 day



50 
 

6. CONCLUSION 

Active food packaging represents a pivotal innovation for enhancing food safety 

and extending shelf life while addressing the need for environmentally sustainable 

materials. Unlike conventional systems, active packaging interacts dynamically with the 

food and its surrounding environment, offering added functionality such as antimicrobial 

protection. 

In this study, a traditional Turkish dessert, aşure, was packaged using specially 

designed 3D-printed food packages where injected at two different concentrations with 

CNMA as an antimicrobial agent. 

Among the findings; 

• Microbial analyses confirmed that both 2% and 5% CNMA concentrations, with 

solution densities of 0.39 mg/mL and 0.99 mg/mL respectively, effectively 

prevented microbial growth at 4°C over a 14-day storage period, demonstrating 

the strong antimicrobial efficacy of CNMA in the packaging of aşure. 

● Headspace gas composition analysis demonstrated a controlled release of CNMA, 

with higher concentrations releasing more active agents. This indicates the 

packaging's potential to maintain antimicrobial activity throughout storage. The 

findings revealed an increase in CNMA concentration during storage where it 

exhibited its antimicrobial property effectively.  

● The theoretical models confirm that CNMA diffuses through the package, but the 

actual release is controlled, aligning with the design of the controlled-release 

packaging (CRP) system. This supports the observed antimicrobial efficacy over 

14 days. 

● pH measurements across all samples remained stable, with slight variations that 

were statistically insignificant (p > 0.05), suggesting that the packaging did not 

adversely affect the acidity of the food product.  

● Similarly, dry matter content and colorimetric parameters (CIE L*, a*, b*) 

exhibited minor fluctuations during the storage period, but none were statistically 

significant (p>0.05), further affirming the structural and functional stability of the 

packaging. 

● The 3D-printed food packages, with a base thickness of 2.96 mm and oxygen 

transmission rate measured at 6.85 mL m⁻²/day, demonstrates relatively consistent 

oxygen barrier performance. 
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● In terms of mechanical performance, PLA demonstrated superior tensile strength 

compared to conventional polypropylene (PP), affirming its potential for rigid 

packaging applications. However, its brittle nature, indicated by low elongation 

at break, may limit its flexibility, suggesting a need for further material 

modifications to enhance its versatility. 

● Sensory evaluations revealed that the packaging system not negatively affected 

the sensory attributes of the aşure dessert, with the product receiving positive and 

acceptable scores. The traditional visual perception of the Aşure dessert is that it 

is not browned. Although it was not included in the sensory analysis of this study, 

its investigation in future analyses can be considered. 

● During the storage period, sensory attributes such as perceived odour, aroma, and 

sweetness showed an increase on the 7ᵗʰ day. However, by the 14ᵗʰ day, these 

attributes had decreased compared to the 7ᵗʰ day, suggesting that the product was 

almost close to the end of its shelf life. This declining trend was less pronounced 

for aroma compared to odour. Among the parameters assessed during the sensory 

analysis evaluation days, sweetness received the highest score. 

This study highlights the effectiveness of the specially designed active packaging 

system in ensuring microbial safety, maintaining sensory quality, and delivering 

environmental sustainability. The incorporation of cinnamaldehyde into the packaging 

system proved effective in antimicrobial protection, making it a strong candidate for 

broader use in food packaging applications.  

Future research should focus on optimizing the material's flexibility, scaling up 

production, and exploring other active agents to expand its applicability across diverse 

food types and storage conditions. 

 

 

 

 



52 
 

REFERENCES 

Abdollahi, M., Damirchi, S., Shafaf, M., Rezaei, M., & Ariaii, P. (2019). Carboxymethyl 

cellulose-agar biocomposite film activated with summer savory essential oil as an 

antimicrobial agent. International Journal of Biological Macromolecules, 126, 561–568. 

Acosta, Y. R., Martinez, E. C., Acosta, A. R., Torre, L. S., Gonzales, C. A., & Cespedes, 

R. N. (2025). Release Studies to Improve the Mechanical Properties of the Biopolymer, 

Polylactic Acid (PLA) for Food Packaging Applications. In Engineering Principles for 

Food Processing Technology and Product Realization (pp. 67-85). Apple Academic 

Press. 

Adeyeye, S. A. O. (2019). Food packaging and nanotechnology: safeguarding consumer 

health and safety. Nutrition & Food Science, 49(6), 1164-1179. 

Alamri, M. S., Qasem, A. A. A., Mohamed, A. A., Hussain, S., Ibraheem, M. A., 

Shamlan, G., Alqah, H. A., & Qasha, A. S. (2021). Food packaging materials: A food 

safety perspective. Saudi journal of biological sciences, 28(8), 4490–4499.  

Alboofetileh, M., Rezaei, M., Hosseini, H., & Abdollahi, M. (2014). Antimicrobial 

activity of alginate/clay nanocomposite films enriched with essential oils against three 

common foodborne pathogens. Food Control, 36, 1–7. 

Aliheidari, N., Fazaeli, M., Ahmadi, R., Ghasemlou, M., & EmamDjomeh, Z. (2013). 

Comparative evaluation on fatty acid and Matricaria recutita essential oil incorporated 

into casein-based film. International Journal of Biological Macromolecules, 56, 69–75. 

Alonso, P., Fernández-Pastor, S., & Guerrero, A. (2024). Application of cinnamon 

essential oil in active food packaging: A review. Applied Sciences, 14(15). 

Anonymous, 1996. Mikrobiyoloji-Salmonella aranması metotlarında genel kurallar. TS 

7438 (ISO 6579/Nisan 1996), Türk Standartları Enstitüsü, Necatibey Cad. 112 

Bakanlıklar/Ankara. 

Anonymous, 2023 https://edirne.ktb.gov.tr/TR-90101/asure.html 

Anonymous,2024 https://static.daktilo.com/sites/1212/uploads/2024/07/12/asure-gunu-

ne-zaman-asure-gununde-hangi-onemli-olaylar-oldu-1721876836.webp 

Antigo, J., Cestari, L., Scapim, M., Siqueira dos Santos, S., Feniman Moritz, C., & 

Madrona, G. S. (2017). Clove and cinnamon essential oils in dulce de leche. Nutrition & 

Food Science, 47(1), 101–107. 

AOAC. (2013). Official methods of analysis of AOAC International (17th ed., 2nd rev.). 

Association Official Analytical Chemists. Arlington, VA. 

Badr, M. M., Badawy, M. E., & Taktak, N. E. (2022). Preparation, characterization, and 

antimicrobial activity of cinnamon essential oil and cinnamaldehyde nano emulsions. 

Journal of Essential Oil Research, 34(6), 544–558. 

Balaguer, M. P., Borne, M., Chalier, P., Gontard, N., Morel, M. H., Peyron, S., ... & 

Hernandez-Munoz, P. (2013). Retention and release of cinnamaldehyde from wheat 

protein matrices. Biomacromolecules, 14(5), 1493–1502. 

Balasubramanian, A. (2012). Predicting target release profile of antimicrobials from 

controlled release packaging (Doctoral dissertation). Rutgers University, New 

Brunswick, NJ, USA. 



53 
 

Basaglia, R. R., Pizato, S., Santiago, N. G., de Almeida, M. M. M., Pinedo, R. A., & 

Cortez-Vega, W. R. (2021). Effect of edible chitosan and cinnamon essential oil coatings 

on the shelf life of minimally processed pineapple (Smooth cayenne). Food Bioscience, 

41, 100966. 

Baydar, H., Sağdiç, O., Özkan, G., & Karadoğan, T. (2004). Antibacterial activity and 

composition of essential oils from Origanum, Thymbra and Satureja species with 

commercial importance in Turkey. Food control, 15(3), 169-172. 

Bhasney, S. M., Kumar, A., & Katiyar, V. (2020). Microcrystalline cellulose, polylactic 

acid and polypropylene biocomposites and its morphological, mechanical, thermal and 

rheological properties. Composites Part B: Engineering, 184, 107717. 

Bertacchi, S., Pagliari, S., Cantù, C., Bruni, I., Labra, M., & Branduardi, P. (2021). 

Enzymatic hydrolysate of cinnamon waste material as feedstock for the microbial 

production of carotenoids. International Journal of Environmental Research and Public 

Health, 18, 1146. 

Bird, R. B., Stewart, W. E., & Lightfoot, E. N. (2007). Transport Phenomena (2nd ed.). 

Wiley. 

Boro, U., Priyadarsini, A., & Moholkar, V. S. (2022). Synthesis and characterization of 

poly (lactic acid)/clove essential oil/alkali-treated halloysite nanotubes composite films 

for food packaging applications. International Journal of Biological Macromolecules, 

216, 927-939. 

Bouhdid, S., Abrini, J., Amensour, M., Zhiri, A., Espuny, M. J., & Manresa, A. (2010). 

Functional and ultrastructural changes in Pseudomonas aeruginosa and Staphylococcus 

aureus cells induced by Cinnamomum verum essential oil. Journal of Applied 

Microbiology, 109, 1139–1149. 

Burkersroda, F. V., & Go¨pferich, A. (1999). An approach to classify degradable 

polymers. (pp. 17e22). Symp. Proceedings. In T. Neenan, M. Marcolongo, & R. F. 

Valentini (Eds.), Biomedical materials e Drug delivery, implants and tissue engineering, 

Vol. 550. Mat. Research Society. 

Burt, S. (2004). Essential oils: their antibacterial properties and potential applications in 

foods—a review. International journal of food microbiology, 94(3), 223-253. 

Campos-Requena, V. H., Rivas, B. L., Pérez, M. A., Figueroa, C. R., & Sanfuentes, E. A. 

(2015). The synergistic antimicrobial effect of carvacrol and thymol in clay/polymer 

nanocomposite films over strawberry gray mold. LWT-Food Science and 

Technology, 64(1), 390-396. 

Cartwright, M. (2017). Paper in ancient China. World history encyclopedia. 

Cemeroglu, B. (2007). Gıda analizleri. Gıda Teknolojisi Derneği Yayınları No: 34. 

Ankara. 

Cetin‐Karaca, H., & Morgan, M. C. (2020). Antimicrobial efficacy of cinnamaldehyde, 

chitosan, and high-pressure processing against Cronobacter sakazakii in infant formula. 

Journal of Food Safety, 40(6), e12845. 

Ceylan E, Fung DY (2004) Antimicrobial activity of spices. Journal of Rapid Methods 

and Automation in Microbiology 12, 1-55 



54 
 

Chauhan, U., Chauhan, E. S., & Chauhan, P. (2022). Role of Active Packaging in the 

Food Industry: A Review. Journal of Pharmaceutical Research International, 34(50B), 

20-32. 

Clemente, I., Aznar, M., Silva, F., & Nerín, C. (2016). Antimicrobial properties and mode 

of action of mustard and cinnamon essential oils and their combination against foodborne 

bacteria. Innovative Food Science & Emerging Technologies, 36, 26-33. 

Cosentino S, Tuberoso CIG, Pisano B, Satta M, Mascia V, Arzedi E, Palmas F (1999) In 

vitro antimicrobial activity and chemical composition of Sardinian Thymus essential oils. 

Letters in Applied Microbiology 29, 130-135 

Crank, J. (1975). The Mathematics of Diffusion (2nd ed.). Oxford University Press 

 

Culas, M. S., Popovich, D. G., & Rashidinejad, A. (2024). Recent advances in 

encapsulation techniques for cinnamon bioactive compounds: A review on stability, 

effectiveness, and potential applications. Food Bioscience, 57, 103470. 

Cussler, E. L. (2009). Diffusion: Mass Transfer in Fluid Systems (3rd ed.). Cambridge 

University Press 

D’Almeida, A. P., & de Albuquerque, T. L. (2024). Innovations in food packaging: from 

bio-based materials to smart packaging systems. Processes, 12(10), 2085. 

De La Torre Torres, J. E., Gassara, F., Kouassi, A. P., Brar, S. K., & Belkacemi, K. 

(2017). Spice in food: Properties and benefits. Critical Reviews in Food Science and 

Nutrition, 57, 1078–1088. 

Del Nobile, M. A., Conte, A., Incoronato, A. L., & Panza, O. (2008). Antimicrobial 

efficacy and release kinetics of thymol from zein films. Journal of Food Engineering, 

89(1), 57-63. 

Desobry, S. Personnal communication, 2005 

Dury-Brun, C., Chalier, P., Desobry, S., & Voilley, A. (2007). Multiple mass transfers of 

small volatile molecules through flexible food packaging. Food reviews international, 

23(3), 199-255. 

Dwijatmoko, M. I., Praseptiangga, D., & Muhammad, D. R. A. (2016). Effect of 

cinnamon essential oils addition in the sensory attributes of dark chocolate. Nusantara 

Bioscience, 8(2), 301-305. 

European Parliament and Council. (2009, June 6). Regulation (EC) No 450/2009 of the 

European Parliament and of the Council of 6 May 2009 amending Regulation (EC) No 

648/2004 on detergents (Official Journal L 142, pp. 1-6). Publications Office of the 

European Union. 

Faikoh, E. N., Hong, Y. H., & Hu, S. Y. (2014). Liposome-encapsulated cinnamaldehyde 

enhances zebrafish (Danio rerio) immunity and survival when challenged with Vibrio 

vulnificus and Streptococcus agalactiae. Fish & Shellfish Immunology, 38(1), 15-24. 

Friedman, M. (2017). Chemistry, antimicrobial mechanisms, and antibiotic activities of 

cinnamaldehyde against pathogenic bacteria in animal feeds and human foods. Journal of 

Agricultural and Food Chemistry, 65(48), 10406–10423. 



55 
 

Gherardi, R., Becerril, R., Nerin, C., & Bosetti, O. (2016). Development of a multilayer 

antimicrobial packaging material for tomato puree using an innovative technology. LWT-

Food Science and Technology, 72, 361-367. 

Goñi, P., López, P., Sánchez, C., Gómez-Lus, R., Becerril, R., & Nerín, C. (2009). 

Antimicrobial activity in the vapor phase of a combination of cinnamon and clove 

essential oils. Food Chemistry, 116(4), 982-989. 

Gokoglu, N. (2019). Novel natural food preservatives and applications in seafood 

preservation: A review. Journal of the Science of Food and Agriculture, 99(5), 2068-

2077. 

Gruber, P.; O’Brien, (2002) M. Polylactides “Natureworks® PLA”. In Biopolymers 

Online; Wiley-VCH Verlag GmbH & Co. KGaA: Hoboken, NJ, USA, . 

Guerra-Rosas, M. I., Morales-Castro, J., Cubero-Márquez, M. A., Salvia-Trujillo, L., & 

Martín-Belloso, O. (2017). Antimicrobial activity of nano emulsions containing essential 

oils and high methoxyl pectin during long-term storage. Food Control, 77, 131–138. 

Han, J. H. (2003b). Design of antimicrobial packaging systems. Int. Rev. Food Sci. 

Technol.11,106-109.  

Han, J., Castell‐Perez, M. E., & Moreira, R. G. (2008). Effect of food characteristics, 

storage conditions, and electron beam irradiation on active agent release from polyamide‐

coated LDPE films. Journal of Food Science, 73(2), E37-E43. 

Han, Y., Yu, M., & Wang, L. (2018). Physical and antimicrobial properties of sodium 

alginate/carboxymethyl cellulose films incorporated with cinnamon essential oil. Food 

Packaging and Shelf Life, 15, 35–42. 

Higueras, L., López-Carballo, G., Hernández-Muñoz, P., Gavara, R., & Rollini, M. 

(2013). Development of a novel antimicrobial film based on chitosan with LAE (ethyl-

Nα-dodecanoyl-l-arginate) and its application to fresh chicken. International Journal of 

Food Microbiology, 165(3), 339-345. 

Ibrahim, A. S., Hegab, O. W., & Soliman, N. S. (2024). Effect of applying clove and 

cinnamon essential oils to milk rice pudding in controlling Bacillus cereus and Bacillus 

subtilis growth with respect to the sensory traits. Journal of Applied Veterinary Sciences. 

Jenie, B. S. L., Djuwita, I., & Sjamsuridzal, W. (2010). Genetic diversity of osmophilic 

yeasts isolated from Indonesian foods with high concentration of sugar. Microbiology 

Indonesia, 4(3). 

Jiang, Y., Zhang, Y., & Deng, Y. (2023). Latest Advances in Active Materials for Food 

Packaging and Their Application. Foods, 12(22), 4055. 

Jin, T., Liu, L., Zhang, H., & Hicks, K. (2009). Antimicrobial activity of nisin 

incorporated in pectin and polylactic acid composite films against Listeria 

monocytogenes. International Journal of Food Science and Technology, 44, 322–329. 

Kamarudin, S. H., Rayung, M., Abu, F., Ahmad, S. B., Fadil, F., Karim, A. A., ... & 

Abdullah, L. C. (2022). A review on antimicrobial packaging from biodegradable 

polymer composites. Polymers, 14(1), 174. 

Kato, J., Meguro, T., Suzuki, M. M., & Deeth, C. H. (2000). Variations in the seed coat 

colour of adzuki beans in the aspects of varieties, harvest years and growing locations, 

using two-dimensional colour mapping. Plant production science, 3(1), 61-66. 



56 
 

Kim, J. J., Enache, E., & Hayman, M. (2014). Halophilic and osmophilic microorganisms. 

Compendium of Methods for the Microbiological Examination of Food. 

Kruijf, N. D., Beest, M. V., Rijk, R., Sipiläinen-Malm, T., Losada, P. P., & Meulenaer, 

B. D. (2002). Active and intelligent packaging: Applications and regulatory aspects. Food 

Additives & Contaminants, 19(S1), 144-162. 

Lacroix, M. (2007). The use of essential oils and bacteriocins as natural antimicrobial and 

antioxidant compounds. Food, 1, 181-192. 

Langer, R., & Peppas, N. A. (1983). Chemical and physical structure of polymers as 

carriers for controlled release of bioactive agents: a review. Macromolecular Chemistry 

and Physics, C23, 61e126. 

Lee, K. Y., Lee, J. H., Yang, H. J., & Song, K. B. (2016). Characterization of a starfish 

gelatin film containing vanillin and its application in the packaging of crab stick. Food 

science and biotechnology, 25, 1023-1028. 

Llanes, L. C., Clasen, S. H., Pires, A. T., & Gross, I. P. (2021). Mechanical and thermal 

properties of poly (lactic acid) plasticized with dibutyl maleate and fumarate isomers: 

Promising alternatives as biodegradable plasticizers. European Polymer Journal, 142, 

110112. 

Li YanQun, L. Y., Kong DeXin, K. D., & Wu Hong, W. H. (2012). Analysis and 

evaluation of essential oil components of cinnamon barks using GC-MS and FTIR 

spectroscopy. 

Lopez, P., Sanchez, C., Batlle, R., & Nerin, C. (2005). Solid-and vapor-phase 

antimicrobial activities of six essential oils: susceptibility of selected foodborne bacterial 

and fungal strains. Journal of agricultural and food chemistry, 53(17), 6939-6946. 

López, P., Sánchez, C., Batlle, R., & Nerín, C. (2007b). Vapor-phase activities of 

cinnamon, thyme, and oregano essential oils and key constituents against foodborne 

microorganisms. Journal of agricultural and food chemistry, 55(11), 4348-4356. 

Lu, Q. H., & Zheng, F. (2018). Polyimides for electronic applications. In Q. H. Lu & F. 

Zheng (Eds.), Advanced polyimide materials (pp. 195-255). Elsevier. 

Marano, S., Laudadio, E., Minnelli, C., & Stipa, P. (2022). Tailoring the barrier properties 

of PLA: A state-of-the-art review for food packaging applications. Polymers, 14(8), 1626. 

Mastromatteo, M., Mastromatteo, M., Conte, A., & desile, M. A. (2010). Advances in 

controlled release devices for food packaging applications. Trends in Food Science & 

Technology, 21(12), 591-598. 

Matsumoto, K., Kamide, M., Uchida, K., Takahata, M., Shichiri, R., Hida, Y., ... & Kato, 

S. (2023). Transient receptor potential ankyrin 1 in taste nerve contributes to the sense of 

sweet taste in mice. Biological and Pharmaceutical Bulletin, 46(7), 939-945. 

Mazzarrino, G., Paparella, A., Chaves-López, C., Faberi, A., Sergi, M., Sigismondi, C., 

& Serio, A. (2015). Salmonella enterica and Listeria monocytogenes inactivation 

dynamics after treatment with selected essential oils. Food Control, 50, 794–803. 

Min T, Sun X, Yuan Z, Zhou L, Jiao X, Zha J, Zhu Z, Wen Y (2021) Novel antimicrobial 

packaging flm based on porous poly (lactic acid) nanofiber and polymeric coating for 

humidity-controlled release of thyme essential oil. Lwt 135:110034 

Mishra, A. P., Devkota, H. P., Nigam, M., Adetunji, C. O., Srivastava, N., Saklani, S., 

Shukla, I., Azmi, L., Shariati, M. A., Melo Coutinho, H. D., et al. (2020). Combination 



57 
 

of essential oils in dairy products: A review of their functions and potential benefits. 

LWT, 133, 110116. 

Mondéjar-López, M., Castillo, R., Jiménez, A. J. L., Gómez-Gómez, L., Ahrazem, O., & 

Niza, E. (2024). Polysaccharide film containing cinnamaldehyde-chitosan nanoparticles, 

a new eco-packaging material effective in meat preservation. Food Chemistry, 437, 

137710. 

Muhoza, B., Qi, B., Harindintwali, J. D., Koko, M. Y. F., Zhang, S., & Li, Y. (2023). 

Encapsulation of cinnamaldehyde: An insight on delivery systems and food applications. 

Critical Reviews in Food Science and Nutrition, 63(15), 2521-2543. 

Muller, J., González-Martínez, C., & Chiralt, A. (2017). Poly (lactic) acid (PLA) and 

starch bilayer films, containing cinnamaldehyde, obtained by compression moulding. 

European Polymer Journal, 95, 56-70. 

Nadarajah, K., & Prabakaran, S. (2021). Liposome encapsulated essential oils for active 

food packaging applications. 1 Journal of Food Engineering, 292, 110337. 

Nasar-Abbas, S. M., Siddique, K. H. M., Plummer, J. A., White, P. F., Harris, D., Dods, 

K., & D'antuono, M. (2009). Faba bean (Vicia faba L.) seeds darken rapidly and phenolic 

content falls when stored at higher temperature, moisture and light intensity. LWT-Food 

Science and Technology, 42(10), 1703-1711. 

Nath, A., Vatai, G., & Bánvölgyi, S. (2023). Functional foods and bioactive compounds 

through environmentally benign emerging processes. Processes, 11(4), 1182. 

Niu, A., Wu, H., Ma, F., Tan, S., Wang, G., & Qiu, W. (2022). The antifungal activity of 

cinnamaldehyde in vapor phase against Aspergillus niger isolated from spoiled paddy. 

LWT, 159, 113181. 

Nkambeu, B., Ben Salem, J., & Beaudry, F. (2021). Eugenol and other vanilloids hamper 

Caenorhabditis elegans response to noxious heat. Neurochemical research, 46, 252-264. 

Ordoñez, R., Atarés, L., & Chiralt, A. (2023). Multilayer antimicrobial films based on 

starch and PLA with superficially incorporated ferulic or cinnamic acids for active food 

packaging purposes. Food Chemistry Advances, 2, 100250. 

Peppas, N. (1984). In: J. M. Anderson, & S. W. Kim (Eds.), Recent advances in drug 

delivery systems (pp. 279e298). Plenum Press. 

Pérez, C. A., Huang, L., Rong, M., Kozak, J. A., Preuss, A. K., Zhang, H., ... & 

Margolskee, R. F. (2002). A transient receptor potential channel expressed in taste 

receptor cells. Nature Neuroscience, 5(11), 1169-1176. 

Perry, R. H., & Green, D. W. (2008). Perry’s Chemical Engineers’ Handbook (8th ed.). 

McGraw-Hill 

Rahman, M. S. (2020). Food preservation: An overview. Handbook of Food Preservation, 

7-18. 

Rao, P. V., & Gan, S. H. (2014). Cinnamon: a multifaceted medicinal plant. Evidence-

Based Complementary and Alternative Medicine, 2014. 

Rasmussen, S. C. (2012). Origins of glass: myth and known history. In How glass 

changed the world (Vol. 3, pp. [page numbers]). Springer. 



58 
 

Reyes-Moreno, C., Okamura-Esparza, J., Armienta-Rodelo, E., Gomez-Garza, R. M., & 

Milán-Carrillo, J. (2000). Hard-to-cook phenomenon in chickpeas (Cicer arietinum L.): 

Effect of accelerated storage on quality. Plant Foods for Human Nutrition, 55, 229-241. 

Rodriguez‐Garcia, I., Cruz‐Valenzuela, M. R., Silva‐Espinoza, B. A., Gonzalez‐Aguilar, 

G. A., Moctezuma, E., Gutierrez‐Pacheco, M. M., ... & Ayala‐Zavala, J. F. (2016). 

Oregano (Lippia graveolens) essential oil added within pectin edible coatings prevents 

fungal decay and increases the antioxidant capacity of treated tomatoes. Journal of the 

Science of Food and Agriculture, 96(11), 3772-3778. 

Sacıkaralı, M (2015) Türk mutfak kültürümüzde aşurenin tarihsel süreci The historical 

process of ashura in Turkish cuisine culture Y.lisans Tezi 

Sahiner, C., Kızanlık, P. K., Kök, F., Göksoy, E. Ö., Beyaz, D., & Büyükyörük, S. (2019). 

Bazı sütlü tatlıların mikrobiyolojik kalitelerinin araştırılması. Animal Health Production 

and Hygiene, 8(2), 657-662. 

Salem, H., Abouchadi, H., & Elbikri, K. (2022). PLA mechanical performance before and 

after 3D printing. International Journal of Advanced Computer Science and Applications, 

13(3). 

Salmas, C. E., Giannakas, A. E., Baikousi, M., Kollia, E., Tsigkou, V., & Proestos, C. 

(2021). Effect of copper and titanium-exchanged montmorillonite nanostructures on the 

packaging performance of chitosan/poly-vinyl-alcohol-based active packaging 

nanocomposite films. Foods, 10(12), 3038. 

Sanchez Aldana, D., Duarte Villa, E., De Dios Hernández, M., González Sánchez, G., 

Rascon Cruz, Q., Flores Gallardo, S., ... & Ballinas Casarrubias, L. (2014). Barrier 

properties of polylactic acid in cellulose-based packages using montmorillonite as 

filler. Polymers, 6(9), 2386-2403. 

Sarengaowa, Wang, L., Liu, Y., Yang, C., Feng, K., & Hu, W. (2022). Screening of 

essential oils and effect of a chitosan-based edible coating containing cinnamon oil on 

the quality and microbial safety of fresh-cut potatoes. Coatings, 12(10), 1492. 

Sharma, S., Byrne, M., Perera, K. Y., Duffy, B., Jaiswal, A. K., & Jaiswal, S. (2023). 

Active film packaging based on bio-nanocomposite TiO2 and cinnamon essential oil for 

enhanced preservation of cheese quality. Food Chemistry, 405, 134798. 

Shen, S., Zhang, T., Yuan, Y., Lin, S., Xu, J., & Ye, H. (2015). Effects of cinnamaldehyde 

on Escherichia coli and Staphylococcus aureus membrane. Food Control, 47, 196-202. 

Sherman, P. W., & Billing, J. (1999). Darwinian gastronomy: Why we use spices: Spices 

taste good because they are good for us. BioScience, 49(6), 453-463. burker 

Shevkani, K., & Singh, N. (2014). Influence of kidney bean, field pea and amaranth 

protein isolates on the characteristics of starch-based gluten-free muffins. International 

Journal 

Smid, E. J., Koeken, J. G. P., & Gorris, L. G. M. (1996). Fungicidal and fungistatic action 

of the secondary plant metabolites cinnamaldehyde and carvone. In H. Lyr, P. E. Russell 

& H. D. Sisler (Eds.), Modern Fungicides and Antifungal Compounds, (pp. 173–180). 

Smith-Palmer, A., Stewart, J., & Fyfe, L. (1998). Antimicrobial properties of plant 

essential oils and essences against five important food-borne pathogens. Letters in 

Applied Microbiology, 26, 118–122. 



59 
 

Sokal, R. R., & Rohlf, F. J. (1987). Introduction to biostatistics (p. 363) (2nd ed.). New 

York: W.H. Freeman and Company 

Souza VGL, Pires JRA, Vieira ÉT, Coelhoso IM, Duarte MP, Fernando AL (2019) 

Activity of chitosan-montmorillonite bio nanocomposites incorporated with rosemary 

essential oil: From in vitro assays to application in fresh poultry meat. Food Hydrocoll 

89:241–252. 

Sultan, M., Youssef, A. M., & Taha, G. (2024). Potential antimicrobial cotton fabrics 

treated with cinnamaldehyde/chitosan-alginate nano capsules for food packaging 

purposes. International Journal of Biological Macromolecules, 135384. 

Sun, Q., Li, J., Sun, Y., Chen, Q., Zhang, L., & Le, T. (2020). The antifungal effects of 

cinnamaldehyde against Aspergillus niger and its application in bread preservation. Food 

chemistry, 317, 126405. 

Sun, J., Leng, X., Zang, J., & Zhao, G. (2024). Bio-based antibacterial food packaging 

films and coatings containing cinnamaldehyde: A review. Critical Reviews in Food 

Science and Nutrition, 64(1), 140-152. 

Terzi, E., Bilgintürk, M., Gündoğan, R. & Can Karaca, A. (2020). Fasulye Proteini 

İzolatının Çeşitli Gıda Ürünlerinin Kalite Özelliklerine Etkisi. Avrupa Bilim ve Teknoloji 

Dergisi, (20), 152-161. 

Turksoy, S. (2018). Tam tane baklagil unlarinin kimyasal, fonksiyonel ve reolojik 

özelliklerinin belirlenmesi. Gıda, 43(1), 78-89. 

Twede, D. (2005). The cask age: The technology and history of wooden barrels. 

Packaging Technology and Science: An International Journal, 18(5), 253-264. 

Uzunlu, S., & Niranjan, K. (2017). Laboratory antimicrobial activity of cinnamaldehyde 

and pomegranate‐based polycaprolactone films. Journal of Applied Polymer Science, 

134(39), 45347. 

Uzunlu, S. (2018). Effect of active antimicrobial films on the growth of pathogenic 

bacteria in Mantı. Food Science and Technology, 39(1), 203-209. 

Uzunlu, S. Rawdkuen, S. (2019). Edible films incorporated with active compounds: Their 

properties and application. Active Antimicrobial Food Packaging; Isıl, V., , Eds, 71-

85.Warth AD. (1985). Resistance of yeast species to benzoic and sorbic acid and to sulfur 

dioxide. J Food Prot 48:564-9. 

Woraprayote W, Kingcha Y, Amonphanpokin P, Kruenate J, Zendo T, Sonomoto K, 

Benjakul S, Visessanguan W (2013) Anti-listeria activity of poly (lactic acid)/sawdust 

particle biocomposite film impregnated with pediocin PA-1/AcH and its use in raw sliced 

pork. Int J Food Microbiol 167:229–235. 

Wypij, M., Trzcińska-Wencel, J., Golińska, P., Avila-Quezada, G. D., Ingle, A. P., & 

Rai, M. (2023). The strategic applications of natural polymer nanocomposites in food 

packaging and agriculture: Chances, challenges, and consumers’ perception. Frontiers 

in Chemistry, 10, 1106230. 

Vahedikia N, Garavand F, Tajeddin B, Cacciotti I, Jafari SM, Omidi T, Zahedi Z (2019) 

Biodegradable zein film composites reinforced with chitosan nanoparticles and cinnamon 

essential oil: Physical, mechanical, structural and antimicrobial attributes. Colloids 

Surfaces B Biointerfaces 177:25–32. 



60 
 

Valero, M., & Giner, M. J. (2006). Effects of antimicrobial components of essential oils 

on growth of Bacillus cereus INRA L2104 in and the sensory qualities of carrot broth. 

International journal of food microbiology, 106(1), 90-94. 

Vartiainen J, Motion R, Kulonen H, Rättö M, Skyttä E, Ahvenainen R (2004) Chitosan-

coated paper: Effects of nisin and different acids on the antimicrobial activity. J Appl 

Polym Sci 94:986–993. 

Velu, V., Nagender, A., Rao, P. P., & Rao, D. G. (2006). Dry milling characteristics of 

microwave dried maize grains (Zea mays L.). Journal of Food Engineering, 74(1), 30-

36. 

Vink, E. T., Rabago, K. R., Glassner, D. A., & Gruber, P. R. (2003). Applications of life 

cycle assessment to NatureWorks™ polylactide (PLA) production. Polymer Degradation 

and stability, 80(3), 403-419. 

Yadav, A., Mangaraj, S., Singh, R. M. N. K., Kumar, N., & Arora, S. (2018). Biopolymers 

as packaging material in food and allied industry. Int. J. Chem. Stud, 6(2), 2411-2418. 

Yam, K. L., & Lee, D. S. (Eds.). (2012). Emerging food packaging technologies: 

Principles and practice. Elsevier. 

Yasuda—1975 Units of Gas Permeability Constants—Yasuda—1975—Journal of 

Applied Polymer Science—Wiley Online Library. Available online: 

https://onlinelibrary.wiley.com/doi/abs/10.1002/app.1975.070190915 (accessed on 11 

November 2021) 

Yi, S. M., Zhu, J. L., Fu, L. L., & Li, J. R. (2010). Tea polyphenols inhibit Pseudomonas 

aeruginosa through damage to the cell membrane. International journal of food 

microbiology, 144(1), 111-117. 

Yildirim, S., Röcker, B., Pettersen, M. K., Nilsen‐Nygaard, J., Ayhan, Z., Rutkaite, R., ... 

& Coma, V. (2018). Active packaging applications for food. Comprehensive Reviews in 

food science and food safety, 17(1), 165-199. 

Yin, Y., & Woo, M. W. (2024). Transitioning of petroleum-based plastic food packaging 

to sustainable bio-based alternatives. Sustainable Food Technology, 2(3), 548-566. 

Yousif, A. M. (2014). Soybean grain storage adversely affects grain testa color, texture 

and cooking quality. Journal of food quality, 37(1), 18-28. 

Yu, H., Li, Y., Lu, S., & Yue, J. (2024). Impact of cinnamaldehyde on the formation of 

biogenic amines, microbiological, physicochemical, and sensory quality of smoked horse 

meat sausage. LWT, 195, 115832 

Zhu, X., Lee, D. S., & Yam, K. L. (2012). Release property and antioxidant effectiveness 

of tocopherol-incorporated LDPE/PP blend films. Food Additives & Contaminants: Part 

A, 29(3), 461-468. 

 

 

 



61 
 

APPENDIX 

 

 

 

 

 

 

 

 



62 
 

     CURRICULUM VITAE 

 

 

Name Surname: Evrim AKTURK 

 

Education and Work Experience: 

 

• 2022-  Alanya Public Health Laboratory ,Water Microbiology Laboratory  

• 2019-2022, Alanya Alaaddin Keykubat University Alanya Education and 

Research Hospital, Biochemistry Laboratory 

• 2014-2019 Istanbul Number 1 Public Health Laboratory, Water Microbiology 

Laboratory 2014-2014 Igdır Public Health Laboratory, Water Microbiology 

2005-2011 Ozel Camlık Aygun Medical Laboratory 

• 2009 Anadolu University, Foreign Trade 

• 2005, Istanbul University, Biology 

 

Foreign Language: 

• English 

 

 

 

 


