
 

 

 

 

 

T.R.  

GEBZE TECHNICAL UNIVERSITY  

INSTITUTE OF NANOTECHNOLOGY 

 

 

 

 

DEVELOPMENT OF FISH SCALE-DERIVED COLLAGEN AND 

SODIUM ALGINATE COMPOSITE FILM STRUCTURES FOR 

WOUND HEALING APPLICATIONS  

 

 

 

 

 

MELİKE KESKİN 

A THESIS SUBMITTED FOR THE DEGREE OF  

MASTER OF SCIENCE  

DEPARTMENT OF NANOSCIENCE AND NANOENGINEERING  

 

 

 

 

 

 

GEBZE 

2023 



 

 

T.R. 

GEBZE TECHNICAL UNIVERSITY 

INSTITUTE OF NANOTECHNOLOGY 

 

 

DEVELOPMENT OF FISH SCALE-

DERIVED COLLAGEN AND SODIUM 

ALGINATE COMPOSITE FILM 

STRUCTURES FOR WOUND HEALING 

APPLICATIONS  

 

 

MELİKE KESKİN 

A THESIS SUBMITTED FOR THE DEGREE OF 

MASTER OF SCIENCE 

NANOSCIENCE AND NANOENGINEERING  

 

 

THESIS SUPERVISOR 

ASST. PROF. DR. OSMAN EKSİK 

 

GEBZE 

2023 



 

 

 

T.R. 

GEBZE TEKNİK ÜNİVERSİTESİ 

NANOTEKNOLOJİ ENSTİTÜSÜ 

 

 

YARA İYİLEŞTİRME UYGULAMALARI 

İÇİN BALIK PULU TÜREVİ KOLLAJEN VE 

SODYUM ALJİNAT KOMPOZİT FİLM 

YAPILARININ GELİŞTİRİLMESİ 

 

MELİKE KESKİN 

YÜKSEK LİSANS TEZİ 

NANOBİLİM VE NANOMÜHENDİSLİK  

 

 

TEZ DANIŞMANI 

DR. ÖĞR. ÜYESİ OSMAN EKSİK  

 

 

 

 

GEBZE 

2023  



Form No:FR-0116 Yayın Tarihi:21.06.2017 Değ.No:1 Değ.Tarihi:15.03.2021 

 
 

YÜKSEK LİSANS JÜRİ ONAY FORMU 

 

GTÜ Nanoteknoloji Enstitüsü Yönetim Kurulu’nun 23/06/2023 tarih ve 2023/20-12  

sayılı kararıyla oluşturulan jüri tarafından 09/08/2023 tarihinde tez savunma sınavı yapılan 

Melike Keskin’in tez çalışması Nanobilim ve Nanomühendislik Anabilim Dalında YÜKSEK 

LİSANS  tezi olarak kabul edilmiştir. 

 

 

 

JÜRİ 

ÜYE 

(TEZ DANIŞMANI) : Dr. Öğr. Üyesi Osman Eksik 

 

ÜYE : Dr. Öğr. Üyesi Nihan AYDEMİR 

 

ÜYE : Prof. Dr. Cevat SARIOĞLU 

 

 

 

 

ONAY 

Gebze Teknik Üniversitesi …………… Enstitüsü Yönetim Kurulu’nun 

...…/.…../……… tarih ve ….…/…..... sayılı kararı. 

 

 



 

v 

SUMMARY 

 

 

  The human skin, which is the body's biggest organ, is vulnerable to a variety of 

external causes that can cause injury. These external causes could potentially cause a 

delay in the wound healing process. Collagen activates fibroblasts, promoting the 

deposition of new collagen in wound beds. Alginate helps prevent bacterial infections 

in wound. 

  The purpose of this study is to harvest collagen from the scales of the 

Dicentrarchus labrax and then mix that harvested collagen with sodium alginate to 

generate a composite film that may be used in the treatment of wounds. In order to 

recycle the waste and reduce the cost, pepsin-solubilized collagen (PSC) was extracted 

from the fish scales of Dicentrarchus labrax, and then a composite film was formed 

using the solvent casting method with commercially available sodium alginate. These 

two stages make up the research that was carried out in accordance with this objective. 

The chemical composition, structural morphology, thermal stability, and elemental 

analysis of the films that were formed were characterized by using FTIR, SEM-EDS, 

DSC, TGA, XRD analyses.  

  As a result of the analysis, it was found that the first stage of the experimental 

process, collagen, was successfully acquired, and that the film form composited with 

sodium alginate in the second stage was effectively generated. Intermolecular 

connections were shown to be established between sodium alginate and collagen, as 

well as the elemental presence of both sodium alginate and collagen in the composite 

film. Our findings demonstrate that these film variations are promising in wound 

healing. 

 

 

 

 

 

 

Keywords: Collagen, thermal stability, morphology, sea bass (Dicentrarchus labrax) 

scale, sodium alginate.  
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ÖZET 

 
 

  Vücudun en büyük organı olan insan derisi, yaralanmaya neden olabilecek çeşitli 

dış etkenlere karşı savunmasızdır. Bu dış etkenler potansiyel olarak yara iyileşme 

sürecinde bir gecikmeye neden olabilir. Kolajenin fibroblastları harekete geçirir, yara 

yataklarında yeni kollajenin birikimini teşvik eder. Aljinat, yaradaki bakteriyel 

enfeksiyonların önlenmesine yardımcı olur. 

  Bu çalışmanın amacı, Dicentrarchus labrax pullarından kolajen toplamak ve daha 

sonra bu toplanan kolajeni sodyum aljinat ile karıştırarak yaraların tedavisinde 

kullanılabilecek bir kompozit film oluşturmaktır. Atığın geri dönüştürülmesi ve 

maliyetin düşürülmesi amacıyla Dicentrarchus labrax pullarından pepsin ile 

çözündürülmüş kollajen (PSC) ekstrakte edilmiş ve daha sonra ticari olarak temin 

edilebilen sodyum aljinat ile çözücü döküm yöntemi kullanılarak bir kompozit film 

oluşturulmuştur. Bu amaç doğrultusunda yürütülen araştırmayı bu iki aşama 

oluşturmaktadır. Oluşan filmlerin kimyasal bileşimleri, yapısal morfolojileri, termal 

kararlılıkları ve elementel analizleri FTIR, SEM-EDS, DSC, TGA, XRD analizleri 

kullanılarak karakterize edilmiştir. 

  Yapılan analizler sonucunda deneysel sürecin ilk aşaması olan kolajenin başarılı 

bir şekilde elde edildiği, ikinci aşamada sodyum aljinat ile birleştirilen film formunun 

etkin bir şekilde oluşturulduğu görülmüştür. Kompozit filmde hem sodyum aljinat hem 

de kollajenin temel varlığının yanı sıra sodyum aljinat ve kollajen arasında moleküller 

arası bağlantıların kurulduğu gösterildi. Sonuçlarımıza göre, bu farklı film versiyonu 

yara iyileştirme alanında umut vaat etmektedir. 

 

 

 

 

 

 

 

Anahtar Kelimeler: Kolajen, termal stabilite, morfoloji, levrek (Dicentrarchus 

labrax) pulu, sodyum aljinat. 
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1. INTRODUCTION 
 

  Every day, individuals sustain a variety of injuries to their skin, including deep 

lacerations as well as more superficial wounds that are the result of abrasions, cuts, 

and mild burns [1]. In most cases, the patients themselves will apply first aid dressings 

to these relatively minor wounds in order to treat them [2]. These dressings provide a 

barrier that protects the wound from debris, bacterial contamination, and mechanical 

forces like pressure and friction [2]. However, the typical practice of applying wound 

dressings at home often results in a dry wound environment [3]. According to Daunton 

et al., the process by which an acute wound heals in humans and animals is a highly 

sophisticated event that involves three phases: the hemostasis/inflammatory phase, the 

proliferation phase, and the remodeling phase [4]. The expression of dermal enzymes 

such as hyaluronidase, elastase, and collagenase (matrix metalloproteinases-1) was 

elevated as a consequence of the inflammatory response. Hyaluronic acid, elastin, and 

collagen of the extracellular matrix are hydrolyzed during this process. According to 

Boran et al., this mechanism could play a significant part in the formation of wounds 

on the skin [5]. 

  Since ancient times, many methods have been used to heal wounds, and the 

majority of these methods typically entail the use of gauze or other materials to dress 

and bandage wounds [4]. Some of these methods date back even farther than ancient 

times. However, removal of such dressings may cause harm to the area that is healing 

[4]. This is due to the fact that gauze has a tendency to adhere to the site and may leave 

fibers and debris behind [6]. Because of this, more suitable dressings must have been 

devised in order to compensate for these deficiencies [6]. Even though gauze has been 

shown to be helpful in a variety of circumstances, medical professionals and other 

health care workers have a responsibility to be aware that this material is not ideal and 

that it does not comply with the standards against wound damage when it is used [7]. 

According to Sood et al., woven gauze inhibits the healing process of wounds since it 

must be removed with force [7]. 

In the past several years, biopolymers and biochemicals have been used in 

combinations as perfect candidates for novel wound dressing materials due to their 

superior properties [8]. These superior properties include the capability to maintain a 

non-traumatic, non-adherent, non-toxic and moist wound environment, as well as 

favoring antibiotic and gas permeability while preventing maceration of the 
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surrounding tissue [9]. On the market, one can find many different types of biopolymer 

wound dressings, each of which has the role of maintaining wound hydration and 

optimizing skin regeneration, protecting against bacterial infection, and preventing 

disturbance of the wound base [10]. These biopolymer wound dressings also have the 

ability to protect against bacterial infection [10]. In the research and development of 

wound dressings and other wound healing materials, collagen and sodium alginate are 

two of the biomaterials that are used most commonly. 

According to Friess et al., more than thirty distinct types of collagen have been 

isolated from a variety of animal species [11]. Collagen is one of the most prevalent 

proteins discovered in the animal world[12]. After a skin injury, collagens contribute 

to the local storage and transport of growth factors and cytokines, which is a process 

that occurs throughout organ development [12]. Because of their importance in tissue 

regeneration and wound healing, as well as the fact that collagen is a common 

ingredient in wound dressings [13].  

A variety of wound healing effects may be attributed to sodium alginate as a 

result of its singular features and interactions with the milieu of the wound [14]. When 

applied to wounds in the form of a dressing, sodium alginate has the potential to hasten 

the healing process and enhance the overall prognosis for the patient [15]. Its capacity 

to generate a moist environment, allow autolytic debridement, and build a protective 

gel matrix all contribute to an enhanced wound healing process, which in turn 

decreases the likelihood of infection and perhaps improves patient comfort and 

aesthetic results [16]. However, in order for wound care to be successful, a thorough 

evaluation of the particular patient's requirements and consideration of any medical 

interventions that may be necessary are essential [15].  

In order to develop a sustainable new wound healing material, the purpose of 

this thesis study was to extract collagen from discarded sea bass scale (Dicentrarchus 

labrax) and to construct a composite film using commercially available sodium 

alginate. This study was carried out in accordance with this aim and consists of two 

stages: first pepsin-solubilized type I collagen (PSC) was extracted from sea bass fish 

(Dicentrarchus labrax) scales in order to recycle waste and reduce the cost of wound 

dressing materials. Next, a composite film was formed with commercially available 

sodium alginate using the solvent casting method. 

The following topics are covered in this thesis: skin, wound, wound types, 

wound healing process, collagen, collagen structure, collagen types, function of 
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different types of collagens, Natural Polymers Used in Wound Healing, collagen and 

sodium alginate. After this, there is a section called the literature review in which 

current research on wound healing that have been published in the literature are 

analyzed. The third section consists of experimental research, and then the fourth part 

is the results and the discussion of those studies. The overall assessment of the research 

was carried out in the last section, which was followed by the drawing of the 

conclusion. 

   

1.1. Skin 

 

The skin produces secretions that are capable of killing bacteria, and the pigment 

melanin offers a chemical defense against UV radiation, which is known to harm skin 

cells [17]. It plays a vital function in preserving homeostasis, by controlling body 

temperature, halting water loss, and guarding against dangerous microorganisms and 

ultraviolet (UV) radiation [18]. Hemostasis which refers to the capacity of the 

organism to keep its internal environment at a constant temperature and pressure is 

essential to keep homeostasis going in order to provide a favorable environment in 

which wound healing may take place [19]. As seen in the Figure 1.1., the skin is 

comprised of three essential layers: the epidermis, dermis, and hypodermis [20]. The 

epidermis is the skin's top layer and is composed of keratinocytes, melanocytes, and 

Langerhans cells in addition to other layers of cells. Keratin gives the skin its 

waterproofing and its strength, both of which are necessary during the early phases of 

wound healing to avoid additional damage and infection [17]. Melanocytes generate 

melanin, a pigment that gives color to the skin and protects against UV radiation [19]. 

Wounds that are in the process of healing might be negatively affected by UV light, 

which can either delay the process down or lead to problems. During the process of 

wound healing, the presence of melanin in the skin serves as an extra barrier of 

protection. 
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Figure 1.1: The essential layers of the skin is epidermis, dermis and hypodermis 

[20]. 

 

Beneath the epidermis is the dermis, which contains blood vessels, nerves, hair 

follicles, and sweat glands. The dermis includes collagen and elastin fibers, that give 

the skin its strength and elasticity, and it supports the skin structurally. The dermis also 

houses immune cells that help defend against infections [21]. The innermost layer of 

skin is called the hypodermis, sometimes referred to as the subcutaneous tissue. It 

arises from fat cells that insulate and cushion the body. Blood arteries that supply the 

hypodermis with nourishment are also present [22].  

The skin is constantly renewing itself through a process called cell turnover. In 

the epidermis' basal layer, brand-new cells are created and gradually proliferate until 

shedding off at the surface. The functionality and integrity of the skin are preserved by 

this process [23]. The capacity of the skin to continually renew itself via the process 

of cell turnover is essential for the healing of wounds [24]. When an injury occurs to 

the skin, the body immediately begins the process of repairing the damage by initiating 

a healing process that includes the proliferation of new cells and their migration to the 

location of the wound [25]. A substantial part of this process is governed by the 

epidermis' basal layer, which is the location where new skin cells are generated [25]. 
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The ongoing generation of new cells guarantees a consistent supply of cells that may 

be used for the healing and closure of wounds [24].  

The skin serves a protective purpose, but it also aids in sensory awareness [26]. 

It comprises innumerable sensory receptors that determine pain, temperature and touch 

[26]. These receptors send signals to the brain, permitting us to sense and respond to 

our environment [27]. These receptors are absolutely necessary for determining 

whether or not a wound harbors any possible dangers or sources of infection [28]. 

When a person's skin is cut, the sensory receptors in that area quickly transmit 

messages to the brain, therefore warning the person about the wound and any possible 

threats that it may provide [29]. This motivates protective actions, such as avoiding 

additional harm or seeking proper medical treatment, both of which are critical for 

ensuring the wound heals without problems and ensuring that protective behaviors are 

undertaken [28].  

When the skin is healthy, it acts as a barrier against pathogenic bacteria and stops 

the body from losing an excessive amount of water [30]. Nevertheless, a breach in the 

skin's protective barrier occurs whenever the skin is injured, leaving the body open to 

the possibility of infection [31]. During the early phases of wound healing, the 

protective features of the skin are very important [30]. These properties help establish 

an environment that is conducive to the immunological response of the body, which 

helps clean away debris and fight off possible infections [32]. 

In general, the skin is a dynamic and sophisticated organ that serves a variety of 

purposes to preserve the body's health and wellbeing [33]. For the diagnosis and 

treatment of numerous skin problems and diseases including wounds, it is crucial to 

comprehend the structure and function of the skin [34]. In order to successfully 

evaluate the severity of wounds, detect possible complications, and establish treatment 

plans that are suitable, experts in the healthcare industry need to be familiar with the 

natural processes and properties of the skin [35]. In addition, having a grasp of the 

structure of the skin makes it easier to choose proper wound treatment that will 

promote and speed the process of wound healing [30]. 
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1.2. Wound 

 

The anatomical structure which consists the layers of the skin as illustrated in 

Figure 1.1 and function of the skin deteriorate or are damaged as a result of the wound 

[36]. As a result of simple or deeper deterioration of the epithelial structure of the skin, 

nerves, tendons, muscles or bones can be destructed [37]. Wounds can occur in a 

healthy individual as a result of any external intervention such as burns, abrasions, 

surgical procedures, crush injuries, cuts and lacerations, or as a result of a disease such 

as diabetes mellitus, cancer, peripheral arterial disease, vasculitis [38]. The creation of 

a wound triggers a series of physiological responses in the body, including bleeding, 

coagulation, vascular contraction, activation of complement, and inflammatory 

response [38].  

After wound formation, the healing process begins immediately, and in this 

process, cell migration includes the effect of the extracellular matrix. The following is 

the structure of the mechanism that underlies the process from the point of wound 

creation to the point of healing: (I) inflammatory mediators, (II) cell to cell and cell to 

extracellular matrix (ECM) interations, (III) epithelialization, fibroplasia and 

angiogenesis procedures, (IV) contraction of wound, (V) step of remodeling [39]. The 

anatomical and physiological differences of structures such as skeletal tissue, liver and 

eye cause differentiation in the remodelling and renovation processes in the wound 

healing continuum [40]. There is a possibility that the duration of the regeneration 

process may change depending on the tissue [41]. The tissue eventually returns to its 

usual look and anatomical structure once the wound healing process has been 

completed and has taken some time. The natural wound healing continuum can be 

altered and made chronic by the variety of local and systemic agents [42]. Even while 

the natural process of wound healing is a very efficient and intricate system, it does 

have a few restrictions, and some situations or causes may impede its capacity to 

accomplish full healing [43]. The following is a list of some of the therapeutic 

limitations of the natural wound healing process: a lack of proper diet, illness, the 

presence of foreign substances or detritus, advanced age, and impaired immune 

function [44]. The majority of cuts and scrapes that aren't very serious may heal on 

their own without the assistance of any external wound healing products or procedures 

[45]. Wounds such as tiny cuts and scrapes, minor burns, bruises, small blisters, and 
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insect bites and stings are all examples of wounds that may normally heal on their own 

without the need for the use of wound healing materials [46]. 

 

1.2.1. Type of Wounds 

 

Wounds are able to be classed depending on a variety of variables, such as the 

origin of the wound, the depth of the wound, the physical appearance of the wound, 

and the chronicity of the wound [47]. While there are many different ways to 

categorize wounds, the length of time it takes for them to heal determines whether they 

are acute or chronic [36]. When it comes to providing patients with the highest level 

of care and enhancing their overall results, accurate wound categorization is very 

necessary [48]. It is essential to point out that wound evaluation and classification are 

tasks that must be carried out by trained medical experts in order to guarantee an 

accurate diagnosis and effective treatment planning [49]. 

 

1.2.1.1. Acute Wounds 

 

These are the types of wounds in which the healing process progresses as it 

should, and heal functionally and anatomically in a regular and timely manner. While 

the healing period generally takes 5-10 days contingent upon the depth of the wound, 

there are also wounds that last 30 days. Acute wounds can originate from traumatic 

tissue loss or after a surgical operation [38]. The formation of acute wounds as a result 

of surgical operation is common. 

Contrarily, traumatic wounds may originate from soft tissue injury and bone 

fractures and may result in a combination of injuries. The AO Foundation's 

categorization system (Arbeitsgemeinschaft fuer Osteosynthesefragen/Association for 

the Study of Internal Fixation) is used to categorize these injuries into several species. 

[50]. One benefit of this classification method is that the prognosis of the wounded 

area can be assessed by taking into account how much the muscles and tendons have 

been damaged [50]. The application of direct pressure with a clean cloth or sterile 

bandage is the initial treatment stage for acute traumatic wounds [51]. This helps to 

stop bleeding and is the first step in the therapy process. It's possible that simple 

adhesive bandages or dressings are all that's needed to treat small wounds [52]. 
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Dressings that are more technologically sophisticated, such as hydrocolloids, films, or 

foams, may be utilized on wounds that are wider or deeper [51]. Healthcare 

practitioners may use sutures (stitches), staples, or adhesive strips to seal the open 

margins and encourage appropriate wound healing [44]. This is especially helpful for 

wounds that are very deep or gaping [52]. This assists in bringing the wound edges 

together and lowers the amount of scarring that occurs as a result [53]. It is possible to 

avoid infection by using topical antiseptic creams or solutions to wounds that have 

been well cleaned [53]. 

 

1.2.1.2.  Chronic Wounds 

 

Chronic wounds are defined as ones that do not make progress through the 

regular phases of healing, and they are unable to be mended in an organized and timely 

way either [54].  The process of healing is incomplete and is impeded by a variety of 

circumstances, which extend one or more stages within the phases of haemostasis, 

inflammation, proliferation, or remodelling [55]. Tissue hypoxia, infection, exudate, 

necrosis and excessive inflammatory cytokine levels can be counted among these 

factors [56]. Persistent inflammation brings with it non-healing scar tissue. Since the 

healing process is interrupted, it disrupts the functional and anatomical structure and 

this causes the recurrence of wounds [56].  Factors such as pressure, arterial and 

venous insufficiency, vasculitis and burns are factors that can cause chronic wounds 

[55].  

It is crucial to grasp the connection between chronic wounds and the defective 

phases of hemostasis, inflammation, proliferation, or remodeling in order to 

comprehend why chronic wounds do not heal and why they may repeat [53]. Chronic 

wounds are wounds that do not go through the regular phases of wound healing within 

the predicted period (which is normally between four and six weeks) [57]. Chronic 

wounds may last for months or even years [57]. It is possible for them to continue to 

be in an inflammatory condition for an extended period of time or to show signs of 

delayed or stopped recovery [58]. The disruption of the normal wound healing cascade 

caused by a number of different causes may be blamed for the slowed down healing 

process [58]. 
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1.2.1.3.  Complex Wounds 

 

Wounds that come with a variety of problems that interfere with the usual 

healing process are referred to as complex wounds [59]. Because of the many variables 

that might slow or impede the healing process, these wounds often need for specific 

medical attention and treatment [60]. Delay in healing, chronicity, underlying health 

conditions, infection, necrotic tissue, and vascular issues are some of the signs of 

complex wounds [61]. To explain these signs in detail, the following can be said: 

Complex wounds often take far longer than anticipated to heal, during which time they 

frequently stay in the inflammatory phase of the wound healing process [62]. Because 

they do not move through the regular phases of wound healing within the predicted 

period (which is normally between four and six weeks), complex wounds are 

sometimes categorized as chronic wounds [63]. Diabetes, peripheral vascular disease, 

venous insufficiency, autoimmune diseases, and malnutrition are all examples of 

underlying health issues that might hinder the body's capacity to heal complicated 

wounds [63]. Malnutrition can also contribute to the development of complex wounds 

[62]. Because of the presence of foreign material, necrotic tissue, or a defective 

immune response, complex wounds have a much increased likelihood of getting 

infected [64]. The presence of non-viable or dead tissue in the wound might slow down 

the healing process and create an environment that is conducive to the development of 

germs [64]. Complex wounds are more likely to develop from simple wounds if they 

are situated in regions of the body that have an inadequate blood supply. This includes 

the lower extremities [65]. 

 

1.3. Process of Wound Healing 

 

The body's reaction to a destruction sustained by a tissue is the beginning of a 

series of complicated and ever-changing processes known as the wound healing 

process [66]. The wound healing continuum is the same for all wounds. The healing 

process is a process in which various chemical and immunological events follow each 

other [44]. In order to restore the integrity of the skin and repair the injured tissue, the 

healing process is broken down into many stages [67]. The total amount of time it takes 



 

10 

for a wound to heal may vary based on the kind of wound, its size, its depth, and the 

individual's general health [68].  

There are four stages in the acute, chronic and complex wound healing process: 

(I) Coagulation and hemostasis development (II) Quickly following, inflammation 

occurs (III) Proliferation process emerges a few days after wound formation and starts 

healing (IV) The healing process, which includes the creation of scars [40].  

 

1.3.1. Coagulation and Hemostasis Stage 

 

The first reaction of the body to a wound is called coagulation and hemostasis, 

and it includes the development of a blood clot in order to halt the bleeding [69]. At 

this stage, it is aimed to prevent bleeding by protecting the vascular system and 

preventing its deformation. Thus, no functional damage occurs in vital organs. The 

long-term goal is to build a matrix for the invasive cells participating in the healing 

process' final stages [70]. Hemostasis is controlled by the dynamic equilibrium 

between platelets, coagulation, endothelial cells, and fibrinolysis. Fibrin deposition at 

the location of the wound is then determined by this balance, which impacts how 

quickly the repair process moves forward [50].  

As a result of attack and microvascular injury, blood can leak into the wound 

[67]. Any injury to the vessels causes contraction of these vessels as a result of the 

reflex mechanism involved. Thanks to this contraction, bleeding can be strongly 

prevented. This process develops only in vessels with transverse interrupted. 

Conversely, it causes an increase in wound patency in interrupted arterioles [71]. 

Reflexive vasoconstriction reduces bleeding for a few minutes. If this reflexive process 

did not develop, the hemostatic mechanism produced by the body may become 

ineffective for long periods [42].  
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Figure 1.2: A illustration in schematic form of the biological process of hemostasis 

[72]. 

 

As seen in the Figure 1.2, platelet aggregation is activated by various extrinsic 

and intrinsic pathways and the coagulation process begins [72]. Blood formed at the 

site of injury comes into contact with extracellular matrix components such as platelets 

and collagen. The sending of clotting factors from platelets and the development of 

blood clots are triggered at this precise instant of contact [73]. During the healing 

process, the clot's surroundings serves as a temporary matrix environment for cell 

migration. Growth factors, insulin-like growth factors, epidermal growth 

factor, platelet-derived growth factor (PDGF) are found in the cytoplasm of platelets 

[74]. These growth factors activate neutrophils, macrophages, fibroblasts, and 

endothelial cells, which aid in the promotion of wound healing [74]. Serotonin and 

other vasoactive amines found in platelets induce fluid to extravasate, forming edema 

in the tissue. The inflammatory phase of this edema causes it to become stronger [70]. 

When a cell membrane is injured, metabolic byproducts of arachidonic acid are 

produced, and they have biological effects that cause an inflammatory reaction [75].  

The creation of a blood clot as a protective mechanism in response to a damage 

to tissue is an essential process that paves the way for future phases of wound healing 

[70]. The clot acts as a foundation for the inflow of cells and growth factors that are 

essential for the repair and regeneration of the injured tissue [66]. This is accomplished 

via the process known as neovascularization [66]. The blood clot will eventually be 

replaced by granulation tissue and new tissue creation as the wound healing process 

continues [67]. This will finally result in the wound being sealed and its original state 

being restored [76]. 
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1.3.2. Inflammatory Phase 

 

The cellular and humoral inflammatory phases follow to build an immune 

defense against encroaching pathogens. The early and late inflammatory phase are the 

two separate phases [77]. In the process of wound healing, the inflammatory phase is 

an important step that is vital to its progression [78]. This stage creates a beneficial 

environment for the continuation of the healing process such as proliferation and 

remodeling which schematized in the Figure 1.3, and lays the groundwork for the next 

stages of the recovery process [79]. To guarantee good wound regeneration without 

excessive scarring or the formation of chronic wounds, it is essential to properly 

regulate the inflammation and bring it under control as quickly as possible [80]. The 

inflammatory phase is illustrative of the complexities that are involved in the natural 

healing processes of the body [77]. It also highlights the significance of a well-

balanced and well-coordinated immune response for the purpose of achieving 

optimum wound healing [80]. 

The features of the collagen and sodium alginate composite film may promote 

and improve the inflammatory response that occurs during the process of wound 

healing [81]. The capability of the film to both provide a moist environment and 

encourage the regeneration of damaged tissue may facilitate the movement and activity 

of immune cells, such as neutrophils and macrophages, at the site of the wound [82]. 

In addition, the presence of collagen in the film may contribute to the release of growth 

factors, which are important for wound healing since they promote cellular processes 

[83]. 
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Figure 1.3: The inflammation, proliferation and remodeling steps of wound 

healing [79]. 

 

1.3.2.1. Early Inflammatory Phase 

 

Several functions are served by the early inflammatory response, which begins 

in the late coagulation phase. It starts the molecular processes that let neutrophils move 

toward the wound and activates the complement chain [67]. To remove bacteria, 

foreign particles and injured tissue, phagocytosis by neutrophils is their first and most 

important task. Phagocytotic activity is of great importance for the healing of acute 

wounds with bacterial imbalance [84].  

The activation of numerous chemoattractive factors causes neutrophils to begin 

migrating to the wound site 24 to 36 hours after the lesion first appears. Neutrophils 

transform into sticky particles and cling to endothelial cells surrounding the lesion as 

a result of the rearrangement of adhesion molecules [84]. It then travels along the 

endothelial surface with the blood flow. Weak bonds develop due to adhesion and 

various mechanisms [40]. Strengthening of the adhesion system is activated through 

cellular activities [41]. Cells halt moving and immigrate out of the venules, becoming 

trapped between endothelial cells [41]. Neutrophils destroy bacteria by releasing free 

radical species [85]. After the bacteria are destroyed, the neutrophils are eliminated. 
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Excess cells are admittedly shed to the wound surface by apoptosis and extrusion [40]. 

Cell remnants are phagocytosed by macrophages [68].  

The collagen and sodium alginate composite film that we developed may interact 

with inflammatory cells, cytokines, and growth factors that are present at the wound 

site [86]. Therefore, it may help to promote an appropriate level of inflammation. Once 

coupled with water or wound exudate, the sodium alginate that is included in the film 

is able to provide a moist environment at the wound site [87]. The presence of moisture 

in the surrounding environment encourages the movement of immune cells to the 

injured location [88]. The immune cells and fibroblasts that are present during the early 

inflammatory phase are essential for the healing of tissue [88]. It is possible that the 

collagen and sodium alginate composite film will encourage the migration and 

multiplication of these cells [89]. Studies have been conducted on sodium alginate to 

investigate the possibility that it has antibacterial qualities [90]. If shown to possess 

such capabilities, sodium alginate would be able to assist lower the risk of infection at 

the wound site [91]. Because infection may cause inflammation to last for a longer 

period of time and slow the healing process, it may be useful to have access to a 

substance that can inhibit the development of bacteria [91]. 

 

1.3.2.2. Late Inflammatory Phase 

 

Within forty eight - seventy two hours of the formation of the wound, 

macrophages start to develop in the area and carry on the phagocytosis process [76]. 

Macrophages are blood monocytes, undergo phenotypic change when they enter 

wounded tissue and are drawn to the wound site by chemoattractive substances such 

as cytokines, elastin, and collagen degradation products. Compared to neutrophils, 

macrophages can survive longer and can continue to occupation at lower pH levels 

[92]. These cells activate various growth factors, fibroblasts and endothelial cells [92]. 

Depletion of macrophages and monocytes from the wound site results in delayed 

fibroblast proliferation, weakened wound debride, and severe defects in healing, 

resulting in poor wound repair [93]. After 72 hours, lymphocyte cells which is the type 

of white blood cell, are the last to reach the wound site [91]. Lymphocytes are 

responsible for the production of a variety of cytokines and growth factors that 

promote the activity of fibroblasts, which in turn results in the synthesis and 
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organization of collagen [80]. It does so by secreting substances that stimulate 

angiogenesis and guarantee a sufficient blood supply, both of which are necessary to 

enable tissue healing [91]. 

 

1.3.3. Proliferative Phase 

 

Once the wound has hemostasis and the immune system responds, the wound 

begins tissue repair [84]. The proliferative phasis of repair, that starts on the third day 

following the injury and typically lasts for two weeks, is at this stage. A stage known 

for the buildup of recently generated ECM and fibroblast migration which begin the 

process of producing new collagen fibers and depositing them there [94].  In this phase, 

the formation of granulation tissue is observed.  

During this stage, the goal moves from managing inflammation to repairing and 

regenerating broken tissue as the primary emphasis [95]. This extracellular matrix acts 

as a base for the migration of the many cell types that are involved in the healing of 

tissue [96].  These collagen fibers aid in the healing process by providing support to 

the wound and stimulating new tissue growth [97]. Granulation tissue is a 

characteristic that may be identified with the proliferative phase [98]. It is a thin tissue 

that is pinkish in color and granular in appearance. It is made up of newly formed blood 

vessels (angiogenesis), fibroblasts, and a variety of ECM components. Granulation 

tissue contributes to the process of filling the wound area and establishing a supporting 

bed for the regeneration of more tissue [99]. Below are descriptions of each process 

that takes place during the proliferative phase. 

 

1.3.3.1. Fibroblast Migration 

 

After the wound is formed, myofibroblasts and fibroblasts in that area are 

stimulated to proliferate for three days [93]. They then move into the wound while 

being assisted by a number of growth factors produced by platelets and inflammatory 

cells [88]. Phenotypic modulation is necessary for fibroblast accumulations that occur 

on the third day. They create matrix proteins, hyaluronan, proteoglycans, type 1 and 

type 3 procollagen, fibronectin after proliferating at the site of the wound [92].  
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Abundant extracellular matrix deposition occurs seven days after wound 

formation [92]. Fibroblasts transform into myofibroblast phenotypes, and in this 

transformation stage, the thick actin bundles they contain under the plasma membrane 

bind to collagen and fibronectin in the ECM and lengthen the pseudopodia [88]. 

Wound contraction, which supports the convergence of the wound edges, occurs by 

retraction of the cell extensions. At the end of this process, fibroblasts that complete 

their task are eliminated by apoptosis [44].  

 

1.3.3.2. Collagen Synthesis 

 

They are synthesized by collagen fibroblasts and affect all stages of wound 

healing, especially the proliferative and remodeling stages [100]. They contribute to 

the creation of the intracellular matrix in the wound and give the tissues strength and 

integrity. Collagen types 1 and 3 build up 80% and 25%, respectively, of the healthy 

dermis tissue, and 40% and 40%, respectively, of the granulation tissue [101]. This 

thesis study's first stage, which consisted of obtaining type I collagen from sea bass 

(Dicentrarchus labrax) scale and forming it into a composite film using sodium 

alginate. In this regard, it has been created to prevent the loss of type I collagen, which 

is the primary component of scar tissue. When a film composed of collagen type I and 

sodium alginate is put to When a film composed of collagen type I and sodium alginate 

is put to a wound, it will encourage the regeneration of damaged tissue and produce an 

environment that is conducive to the attachment, migration, and proliferation of cells. 

During the process of wound healing, the collagen type I film will also alter the 

distribution of collagen types 1 and 3, so contributing to the creation of an environment 

that is more conducive to the repair of damaged tissue. 

 

1.3.3.3. Angiogenesis and Granulation Tissue Formation 

 

All phases of wound healing simultaneously experience the creation of blood 

vessels, a crucial step in the healing process. During the process of wound healing, the 

formation of new blood vessels is critical to the delivery of nutrients and oxygen, the 

elimination of waste products, the support of the immune response, and the promotion 

of cell migration and proliferation [102]. The proliferation of new blood vessels 
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provides the many cells engaged in tissue regeneration with the nutrition, oxygen, and 

vital growth factors that are necessary for their continued survival and function [103]. 

At the location of the wound, the sodium alginate that is present in the composite film 

may be able to contribute to the preservation of a moist environment. Because new 

blood vessels prefer to develop in a wet environment, this is excellent for stimulating 

angiogenesis, which is the formation of new blood vessels. Blood vessels play an 

important role in the removal of waste products and cellular debris from the wound 

site, which in turn helps to facilitate the clearing of dead tissue and promotes an 

environment that is clean and conducive to the healing process [104]. At the location 

of the wound, the influx of immune cells that occurs as a result of the formation of 

new blood vessels both aids in the fight against infection and strengthens the immune 

response [104]. The development of new blood vessels is absolutely necessary for the 

migration and proliferation of cells like fibroblasts and epithelial cells, which both play 

important roles in the process of tissue regeneration [103]. Angiogenic factors attract 

neutrophils and macrophages, while at the same time stimulating the angiogenesis 

process [105].  

It is possible that the characteristics of the collagen and sodium alginate 

composite film will serve to manage the inflammatory response that occurs during the 

process of wound healing. This will help to ensure that the inflammation is regulated 

and balanced, which is essential for the development of granulation tissue and 

angiogenesis. The collagen and sdium alginate composite film has the potential to 

serve as a temporary scaffold for the creation of granulation tissue. It offers a three-

dimensional framework that makes it easier for cells, such as fibroblasts and 

endothelial cells, to migrate into the area of the wound where they are needed. It is 

feasible for collagen, which is utilized in this thesis study as an important component 

of the extracellular matrix, to induce the attachment of cells, migration of cells, and 

regeneration of tissue. Collagen is used in this thesis study as an essential component 

of the extracellular matrix. 

Endothelial cells react to many angiogenic factors, especially various growth 

factors. Mitosis is triggered by stimuli and inhibitors, which promote host cell 

migration and the production of growth factors [106]. The tissue around the wound 

provides the molecules required for the development and proliferation of endothelial 

cells. In response, the steps of the development process are as follows: (I) generation 

of proteases by endothelial cells to breakdown the basal lamina in the main vessel, (II) 
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chemotaxis, (III) proliferation, and (IV) remodelin. Vascular Endothelial Growth 

Factor (VEGF) and Fibroblast Growth Factor (FGF), which are growth factors, act as 

regulators in this whole process [107]. The surrounding live tissue is perfused by 

diffusion from the unwounded interstitium throughout the primary phase of wound 

formation because the wound center lacks vascular nourishment [108]. A 

microvascular network is created in the wounded location as capillaries from the 

surrounding healthy tissue migrate there. 

Chemotaxis, the process by which cells move along a chemical gradient, enables 

cells to proliferate, differentiate, and respond to environmental stimuli [109]. These 

agents act on the receptors throughout the wound healing process and direct the cell 

migration that develops in the angiogenesis phase [110]. Contributing factors are 

mediators involved in the process of vascular repair and neovascularization in the 

wound. These factors are also effective in cell differentiation and growth [111]. 

Migration, which is the result of chemotactic activity, involves the organization of the 

cytoskeleton, cell adhesion, and signal transduction. Several chemical and physical 

agents operating in the vascular system control migration [112]. Three factors are 

effective in providing regulation, these factors are as follows: (I) chemotaxis, (II) 

mechanotaxis, (III) haptotaxis [113].  

The three distinct mechanisms necessary for cell motility are cell front 

protrusion, adhesion to connect the actin cytoskeleton to the substrate, and traction to 

move the posterior cytoplasm onward [114].  

 

1.3.3.4. Protrusion 

 

Cell-cell adhesions and cell-ECM adhesions serve as anchor points for the 

cytoskeleton, which has three different types of connected filaments and supports the 

cell mechanically [112]. With its dynamic structure, the actin network is of great 

importance for organizing cell migration. Actin polymerization occurs near the leading 

side, which is where the concentration of chemoattractants is highest. They cause the 

formation of a protruding structure, that is stuffed with filamentous actin [115]. Actin 

filaments in the front and back of the leading edge assemble and disassemble to 

maintain the motion of the cell [116]. The morphological structure of the cell is 

controlled by regulatory protein and multiple signaling pathways [117].  
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In a manner similar to that in which they interact with the natural extracellular 

matrix, cells, when they come into contact with a collagen and sodium alginate film, 

are able to create adhesions with the surface of the film. Cells are able to attach 

themselves, disseminate out, and migrate because to the film's ability to offer anchor 

sites for cell-ECM adhesions. When it comes to arranging cell movement on the 

surface of the film, the dynamic topology of the actin network is very essential. 

 

1.3.3.5. Adhesion 

 

Integrins act as primary receptors for cell motility and are of great importance in 

the process of cell migration [118]. As a result of this process, adhesion occurs [117]. 

As the adhesion increases, the migration process accelerates, but the mobility 

decreases inversely with the attachment [118]. Weakly adhesive cells and endothelial 

cells can move faster and adjust adhesion density than cells with high adhesive forces. 

It binds to the extracellular matrix and changes the oval shape of the cell and turns it 

into a flat structure. These changes in morphology evolve under the management of 

integrin signaling [118]. Endothelial cells are the cell type that provides the fastest 

migration after injury [119].  

 

1.3.3.6. Traction 

 

The contractile force resulting from the connection between the integrin and the 

cytoskeleton causes the cell to pull on the substrate and pull the cytoplasm forward 

[112]. This force is provided by myosin motor proteins. An interaction occurs between 

the active fibers and myosin, and this interaction causes the cell body to be pulled 

anteriorly. Various chemical and physical stimuli determine the direction of cell 

migration [120]. The density of the blood vessels in the wound area reduces as collagen 

builds up there, and eventually the granulation tissue matures into a scar [115].  

 

 

 

1.3.3.7. Epithelialization 
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One or two hours after wound formation, epithelial cells migrate towards the 

scar tissue. While the cells first accumulate in a single layer, they multiply over time 

and form the basement membrane [100].  

 

1.3.4. Remodelling Phase 

 

During remodeling phase, the wound undergoes structural changes and 

maturation to restore normal tissue function [44]. Collagen is reorganized and 

remodelled during the remodeling phase, which is an important step in maintaining the 

strength and integrity of the wound [96]. The first arrangement is not nearly as sturdy 

as the well-organized collagen fibers that are present in healthy tissues [121]. During 

the remodeling phase, the body keeps altering and reorganizing the collagen fibers in 

the connective tissue [122]. Collagen fibers, which are initially arranged in a 

disorganized fashion, progressively take on a structure that is more ordered and 

parallel as time passes [121]. Throughout the proliferative phase, fibroblasts initially 

accumulate immature Type III collagen. The majority of the wound's fracture strength, 

however, is acquired throughout the remodeling phase, when Type III collagen is 

switched out for Type I collagen by matrix metalloproteinase activity. Cross-linking, 

rearrangement, and enhanced collagen packing are also part of this phase [96]. 

Another crucial activity that takes place throughout the remodeling stage is 

angiogenesis, the development of new blood vessels. It supports and intersects with 

other proliferative activities in the wound, providing oxygen and nutrients necessary 

for tissue regeneration [96]. The ECM also contributes significantly to the proliferative 

phase by offering physical and mechanical support for cell adhesion, proliferation, and 

migration. For optimum wound healing, ECM remodeling, which involves a balance 

between creation, degradation, and maturation, is essential [123]. 

This stage is a dynamic process that can be altered by a number of variables. 

Factors like infection, age, diabetes can interfere with the proper sequence and timing 

of the phases, leading to impaired wound healing [38]. Mechanical factors, such as 

stretch, can also affect the remodeling phase by promoting cell migration and inducing 

chromatin remodeling-mediated nuclear morphology changes [124].  
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1.4. Natural Polymers Used in Wound Healing  

 

The majority of natural polymers are capable of biodegradation or bioabsorption 

and are compatible with living systems [125]. Chitosan, keratin and sodium 

alginate are the examples of those that exhibit anti-inflammatory and anti-microbial 

characteristics respectively [125]. As a result, natural proteins (such as keratin, casein, 

collagen, and silk) and polysaccharides (such as chitosan, alginate, and hyaluronic 

acid) have received increased interest in the production of wound dressings [126]. This 

is because of their similarity to macromolecules, which are recognized by the human 

body, thereby achieving ECM biomimicry [126]. 

 

1.4.1. Chitosan 

 

Chitosan is one of the ligands that is utilized the most often. It has been said that 

it has a positive charge and has the ability to facilitate the better absorption of metal 

anion medications [127]. Because of the cationic charge that chitosan has, it has been 

used as a coating layer on negatively charged particle surfaces via the process of 

electrostatic adsorption [128]. Chitosan has also shown that it has the capacity to 

modulate the behavior of medication release [129]. The nanoparticles that have a 

coating of positively charged chitosan attract the negatively charged cell membrane, 

which increases the amount of weakly water-soluble medicines that are able to pass 

through the membrane [130]. 

Chitosan is a natural cationic polymer that is widely used in the manufacturing 

of hydrogels, membranes, and electrospun nanofibers for wound healing due to its 

remarkable diversity in terms of its functional applications [126]. In addition, because 

of the antibacterial qualities of chitosan dressings, these dressings have been chosen 

for the treatment of wounded tissue [131].  Hydrogels made of chitosan and alginate 

were created and then loaded with hesperidin in a variety of concentrations [132]. 

These hydrogel materials were tested in a mouse model with a full-thickness cutaneous 

wound in order to assess their effectiveness. According to the findings, the wound 

closure rate of the chitosan/alginate hydrogels was significantly higher than the rate of 

the gauze-treated wounds in the control group [132]. In a separate piece of research, a 

nanofiber mat containing chitosan, polyvinyl alcohol (PVA), and zinc oxide (ZnO) 
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was shown to have significant levels of antibacterial and antioxidant activity, pointing 

to the possibility that it might hasten the healing process of diabetic wounds [128]. 

 

1.4.2. Keratin 

 

Keratin is one of the most prevalent types of protein that may be found in human 

or animal components, such as hair, wool, nails, and feathers. Epithelial keratins and 

trichocyte keratins are the two distinct types of keratins that may be distinguished from 

one another [133]. Epithelial keratins are soft keratins that include low levels of sulfur 

(less than one percent) and cysteine (less than three percent) [134]. They are the 

primary constituent of the stratum corneum of the skin and play an essential part in the 

process of maintaining the integrity of the epidermal cells. Trichocyte keratins are 

considered hard keratins because they include a greater amount of sulfur (5%) and 

cysteine (4%–17%). In the regions that link to the epidermis, they perform the function 

of structural scaffolding [133]. Because of its biocompatibility, biodegradability, and 

ability to provide structural support, keratin materials have found widespread use in 

the field of tissue regeneration [134]. Because of these features, it is feasible to 

manufacture a wide variety of wound dressings, such as films, hydrogels, and 

scaffolds, which all help to speed up the process of chronic wound healing [134].  

Emulsion and coaxial electrospinning are two methods that may be used to create 

keratin and HA-based PCL/PEO fibers, respectively.[135] According to the findings, 

incorporating natural polymers into a wound dressing has the potential to improve cell 

survival and has applications in the field of wound dressing [135]. PVA nanofibrous 

scaffolds based on keratin (5% w/v) and chitosan (2% w/v) have been reported to 

display optimal tensile strength, swelling ratio, and porosity. These scaffolds were 

created using keratin. The incorporation of keratin and chitosan resulted in a 

significant improvement of these characteristics [136]. The same team of researchers 

employed the keratin and chitosan mix (50:50 by weight) in order to develop anti-

inflammatory surgical sutures [136]. The scratch experiment revealed increased cell 

proliferation and migration in the presence of the sutures, indicating that the sutures 

have the potential to be employed for the purpose of promoting wound healing. 
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1.4.3. Casein 

 

Casein, which originates from cow's milk, accounts for the vast majority of the 

protein found in milk. Because of its biocompatibility, biodegradability, and ability to 

self-assemble, it has attracted a growing amount of interest. Casein includes polar 

amino acid groups to a greater than fifty-five percent degree, which is beneficial to the 

creation of hydrogen bonds for the production of films [137]. On the other hand, 

because of this feature, it is not feasible to electrospin casein by itself. As a result, 

synthetic polymers such as PEG and PVA have been used in the casein-based 

electrospinning process in order to make it more manageable [138]. In addition, during 

the process of producing casein-based products, cross-linking agents such as 

glutaraldehyde and silane are necessary. This is because casein has a poor water 

stability and mechanical strength owing to the high hydrophilicity that it has [139]. 

Electrospun nanofibrous mats made of casein and PVA that were effective in 

promoting haemostatic activity through thrombin production were successfully 

manufactured. The inclusion of casein resulted in an increase in epithelial proliferation 

as well as restoration [140]. In order to speed up the healing process of wounds, casein-

cellulose-chitosan scaffolds have been constructed. Because casein was present, blood 

coagulation ions were able to attach to exposed nucleation sites, which is necessary 

for maintaining hemostasis [137]. An investigation into the manufacture of an 

injectable hydrogel based on casein and alginate was described. Casein, alginate, 

nanoparticles of iron, and bacterial cellulose are the components that make up the 

hydrogels [138]. The fact that the hydrogels were able to absorb 4000% more water 

than they started with was indicative of their potential use as wound dressings. 

Additionally, the porosity nature of the hydrogel boosted cell viability, indicating that 

this particular hydrogel product may be useful in the treatment of wounds [138]. 

 

1.4.4. Hyaluronic Acid 

 

One of the components that may be found in connective tissues is called 

hyaluronic acid, and it is a glycosaminoglycan. It is the primary constituent of the 

extracellular matrix (ECM) found in the skin, and it is also an essential component in 

the process by which new tissue is generated [141]. Hyaluronic acid preserves 
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structures that are essential for the biological function of organs, and it also has a great 

ability to hold water on the surface of wounds. As a result, it may protect wounded 

areas from drying out and hasten the healing process [142].  

When used in the electrospinning process, hyaluronic acid solutions have a very 

high viscosity, even when used at low concentrations. This is one of the drawbacks of 

using these solutions. In spite of these limitations, El-Aassar et al. fabricated 

Hyaluronic acid/polygalacturonic acid nanofibrous mats embedded with silver 

nanoparticles [143]. An in vivo study demonstrated that maximum wound 

epithelization and collagen deposition was achieved after 14 days, indicating that its 

effective use for the quick healing of wound infections is possible [143]. In a separate 

piece of research, Eskandarinia et al. created polyurethane/hyaluronic acid 

nanofibrous mats that were infused with ethanolic extracts of propolis (EEP) at three 

different doses [144]. When compared with mats that contained 2% EEP, the findings 

demonstrated that polyurethane/hyaluronic acid nanofibrous mats with 1% EEP 

exhibited higher antibacterial activity and higher biocompatibility, as well as an 

accelerated wound healing process in the animal model. These findings supported the 

use of these mats for additional biomedical applications [144]. 

 

1.4.5. Silk Fibroin 

 

The silk fibroin that is produced by a variety of insects has excellent 

biocompatibility, biodegradability, and mechanical qualities [145]. The use of silk 

fibroin as a biomedical material for the regeneration of a broad variety of tissues, 

including skin, vascular, cartilage, bone, tendon, and ligament, has been the subject of 

a significant amount of research [146]. Amino acid residues may be found in some 

types of silk fibroin, which are recovered from silkworm cocoons. It has been used in 

a number of forms (such as hydrogels, films, fibers, and sponges) to improve collagen 

production and re-epithelialization, which in turn enhances wound healing. These 

applications have been employed [147]. 

Electrospinning silk fibroin and nanodiamond together allowed for the 

fabrication of a biopolymer dressing that is capable of temperature sensing as well as 

wound healing [148]. In the animal investigation, researchers found that the material 

had a high biocompatibility and a quick rate of wound closure. It is interesting to note 
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that the antibacterial characteristics of this silk fibroin and nanodiamond dressing were 

only effective against gram-negative bacteria, whereas gram-positive bacteria were 

unaffected by the dressing [149]. As a result, its effectiveness as a wound dressing is 

up for debate given that the vast majority of gram-positive bacteria are infectious. 

Pacheco et al. stated that their research had resulted in the development of a multilayer 

membrane consisting of silk fibroin, chitosan, and alginate that had regulated drug 

release capabilities [150]. This wound dressing product benefited greatly from the use 

of silk fibroin due to its superior mechanical qualities. It is important to point out that 

the authors of this research found that the integration of the medicine into the 

membrane did not diminish its mechanical strength, suggesting that the dressings 

performed very well. This is an important finding that should be taken into 

consideration [150]. 

 

1.4.6. Collagen 

 

1.4.6.1. Structure of Collagen 

 

Collagen is the most common protein found in natural organisms including 

vertebrates and invertebrates. Its molecular structure is helical and consists of three 

polypeptide chains. This triple chain consists of α-chain subunits. Two α-chains 

transform into peptide chain dimer (β-peptide chain), three α-chains transform into γ-

peptide chains [151]. 

When collagen is categorized in terms of structure, molecular organization, and 

non-helical domains, it can be split into fibril-forming collagens, network-forming 

collagens, fibril-associated collagens, linker fibrils, basement membrane collagens, 

transmembrane collagens. The common feature of different types of collagen 

structures is that they all contain carboxyl and amino ends [13]. 

 

1.4.6.2. Type of Collagen 

 

There are currently 28 different varieties of collagen, all of which have a triple 

helix structure. There are differences between species in the size, shape, and length of 

the non-helical sections. The 5 most common types; collagen type I, II, III, VI and V 
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[152]. Collagen is classified into different types based on the specific composition and 

organization of its protein chains [152]. 

 

 Type I: Type I collagen chains are in a triple helical structure called heterotrimer, 

which consist of two same α1(I) and one α2(I) chain. These heterotrimeric fibers 

are generally included in composites consisting of type III and type V collagen 

[153]. Over 90% of bones are made of type I collagen, which is also the most 

prevalent kind of collagen. It can be present in tendons, skin, cornea, and connective 

tissue, among other places. Type I collagen is present in structures for instance skin, 

bone, organ, tendon and connective tissue, especially due to its high tensile strength, 

load-bearing properties and torsional stiffness [153]. 

 

 Type II: Type II collagen has a homotrimeric molecular structure, much like type 

I collagen does. Both collagen types are similar in terms of molecular size and 

mechanical properties. In comparison to type I collagen, type II collagen contains 

more hydroxylysine, glucosyl, and galactosyl residues [154]. Approximately 80% 

of the structure of the body's cartilage is made up of type II collagen. However, it 

is also found in various structures such as corneal epithelium and embryo epithelial 

mesenchyma [154].   

 

 Type III: Type III collagen has a homotrimetric molecular structure consisting of 

three α1 chains and is usually found with type I collagen. These two different types 

of collagen provide the formation of mixed fibrils. It is found in the dermis, spleen, 

muscles and blood vessels due to the fact that the fibrils formed with type I collagen 

add elasticity to the body [154]. 

 

 Type V and Type XI Collagen: Type V and type XI collagens contain three 

different types of α-chains and present heterotrimer structures. It is the degree of 

glycosylation and hydroxylation that distinguishes type II collagen from type XI 

collagen, which are both encoded by the same gene. The forms of collagen that 

form fibrils include type V and XI collagens. They specifically combine with type 

I, type III, and type V collagen to generate heterogeneous fibrils. It is found in the 

structure of the cornea, liver, muscles, hair and placenta [154]. 
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1.4.6.3. Sources of Collagen 

 

  Although alternatives such as human placenta and human skin-derived collagen 

type I are available, the most common types of collagen type I are obtained from rat 

tail tendon, pig, and bovine skin [155]. Human placenta and human skin-derived 

collagen type I are more expensive. Collagen type III has typically been extracted from 

cow placenta, human placenta, human skin, chicken skin, and rat skin; however, other 

sources, such as marine-derived sources and recombinant sources, have also been used 

[156]. 

 

1.4.6.3.1. Bovine Sources 

 

  Although there are other tissue sources available, research only uses collagen type 

III obtained from bovine skin since it is the only source from which it can be extracted 

[157]. As was previously indicated, variations in isolation procedures and source tissue 

often result in variability from one batch to the next, as well as the possibility of 

infectious disease contamination [158]. Even if there was no longer any danger of 

pathogenic contamination, the problem of inconsistency among different producers 

would still be a problem [158]. In addition, the distribution of proteoglycans and post-

translational modifications also change with age. These changes have the potential to 

alter the thermal stability of tropocollagen as well as its fibrous self-assembly [159]. 

In general, bovine collagen is well-tolerated in vivo, and it does not trigger an 

immunological response in the majority of persons, with the exception of those who 

have a substantial allergy to collagen [159].  

 

1.4.6.3.2. Rat Tail Tendon Sources 

 

  Given the vast quantity of published information on its isolation and 

characterization, rat-tail tendon, also known as rat tail tendon, is one of the sources of 

collagen type I that is used most often by researchers (as opposed to being utilized in 

industrial settings) [160]. Rat tail tendon has a collagen type I content of 90–95% by 

weight; the high collagen content assures considerable yields following separation 

[160]. Rat tail tendon collagen type I is used rather often in the field of research; 
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however, it is not utilized in clinical goods since there is a lack of availability of rat 

tail tendon collagen type I that is of a medical quality [161]. 

 

1.4.6.3.3. Marine Collagen Sources 

 

In recent years, marine species have been the favored source of collagen due to 

their abundance of diverse organisms and high-quality collagen. It has the advantages 

of rapid bloodstream circulation, offering high absorption in the body and having a 

low molecular weight. Because they are biocompatible and biodegradable, they 

outperform other collagen sources in tissue engineering applications [162]. Marine 

creatures are metabolically compatible and do not contain animal pathogens, thus 

offering a great advantage over other sources. Collagen obtained from land animals 

carries many infectious diseases, which limits its industrial use. Infections in people 

that can be fatal can result from these illnesses. Another factor that restricts the use of 

animal products is the existence of religious prohibitions on their use [163].  

The high rate of daily fish depletion and the abundance of by-products such as 

head, skin, scales, fins and internal organs as a result of this consumption create a large 

amount of waste called waste. This amount is thought to be more than 20 million tons 

[164].   

Considering all these reasons, the use of marine creatures for collagen 

production is undeniably promising [165].  

Marine collagen sources are divided into vertebrates and invertebrates. 

Invertebrates include shrimp, squid, octopus, sea urchin, and sponges. The vertebrate 

group consists of fish and marine mammals. Collagen, which can be obtained from 

fish by-products, offers a potential source for recovery and sustainability. These by-

products include fins, skins and scales. Collagen can be obtained after these products 

go through various bioprocessing processes [166]. 

Mammals commonly used for collagen production; whales, otters, and seals. The 

results of the researches have revealed that collagen derived from pigs, cattle, and 

marine organisms has similar amino acid compositions. The features that make the 

difference are that the collagen obtained from fish contains less proline and 

hydroxyproline than the collagen obtained from mammals. This difference causes a 
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decrease in the stability and cross-linking compatibility of collagen obtained from fish 

[167].  

The most frequently extracted kind of collagen from marine species is type I, 

however type II collagen can also be found in things like fish cartilage and Strip 

Jellyfish (Chrysaora) [168]. In addition, there are studies in the literature that obtained 

type IV collagen from sea sponges such as hondrosia reniformis. 

We used fish scale in this thesis study for obtaining of collagen because fish 

collagens provide a number of advantages, including a lower risk of disease 

transmission and an abundance of collagen-containing tissues. 

 

1.4.6.3.4. Fish  

 

Fish components like scales, fins, skin, and bones can be used to make collagen 

(Figure 1.4) [169]. Although it varies according to the fish species, age, season, and 

where it grows and develops, fish skin is predominantly composed of type I collagen. 

This variation is because different tissues have different needs and may adapt in a 

variety of ways in response to changing physiological and environmental situations 

[170]. Fish collagen is a good source of collagen since it doesn't irritate people or 

animals and has a high ability to hold water, making it ideal for cutaneous applications 

[171]. 

Fish by-products are rich in protein content. For this reason, these products, 

which are called waste, can be used as plant fertilizer, protein powder or animal feed 

[172]. 
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Figure 1.4: Fish by-products that might be used as possible sources of collagen 

extraction [172]. 

 

 Fish Skin: Even though Type I collagen fluctuates depending on things like fish 

species' ages and seasonal conditions, it makes up about 70% of fish skin [173].  The 

collagen produced by processing fish skin using a number of processes is appropriate 

for use in dermal applications because it has advantages including being 

biocompatible, not irritating the skin, and having a high water holding capacity 

(approximately 6% of its weight when treated with 63% moisture for 24 hours) [171]. 

Blanco et al. used two species of Chondrichthyes and two species of teleost in their 

research and gathered collagen from fish skins [173]. While collagen from cod fish 

was denatured at 16 °C, collagen from two species of Chondrichthyes and two species 

of teleost revealed denaturation temperatures in the range of 23-33 °C. This 

temperature difference indicates the habitat difference of the species [174]. In 

comparison, the temperature required to extract collagen from the skin of catfish, 

pomfret, tilapia, and mackerel is lower (less than 13 °C), and the process takes more 

time (74 hours). It demonstrates that the typical collagen output from these species is 

around 2.27% [175]. In addition to this study, Wijaya et al. investigated the collagen’s 

alergenic properties using Parang-Parang fish skin. [176]. Acetic acid was used to 

hydrolyze collagen after it had been extracted using NaOH. It was discovered that the 

yield of protein content other than collagen was 1,915%. 

Govindharaj et al. obtained collagen from eel skin for use in 3D printing 

application. Collagen had a final yield of approximately 4.2% [177]. In a comparable 
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result, the yield of the collagen recovered from eel fish was reported to be 4.7% [178]. 

Ahmed et al. used bacterial collagenolytic proteases (CP) produced by using Bacillus 

cereus FRCY9-2 and Bacillus cereus FORC005 to obtain collagen from fish skin in 

their research [179]. The overall yield of collagen from the bacteria treatments and 

when combined with acid-soluble collagen was 188 and 177 g/kg, respectively, which 

was greater than the yield attained through acid extraction alone (134.5 g/kg). In 

contrast to these techniques, collagen from the skin of Atlantic cod (Gadus morhua) 

was produced using CO2-acidified water in another study [180]. Collagen that had 

been extracted using acidified water had 151/1000 residues of proline-like amino acids 

overall, with a 13.8% (w/w) extraction yield [180]. 

Afzali et al. generated collagen by employing the skin of Lutjanus sp in their 

study [181]. Their goal was to establish an ideal combination of fish skin collagen, 

sodium alginate, and hyaluronic acid loaded with bovine serum albumin as a model 

protein manufactured as lyophilized scaffolds. Collagen was recovered from the fish 

skin by him and his coworkers using a technique known as semi-bionic extraction 

(SBE). They were successful in obtaining composite gels made of collagen, sodium 

alginate, and hyaluronic acid. In vitro blood study utilizing human whole blood 

indicated that the BSA-loaded SA*:FCOL:HA scaffolds lowered the blood clotting 

index (BCI) by up to 20% compared to a commercially available sponge for chronic 

wounds. This was determined by comparing the two products using human whole 

blood. The presence of these characteristics demonstrates that SA*:FCOL:HA 

scaffolds have the potential to serve as multifunctional wound dressings [181]. 

In the research conducted by Zhou et al., fish collagen was extracted from the 

skin of tilapia [182]. Electrospinning was used to produce nanofibers that are 

biomimetic and are composed of collagen and BG. They looked at their structures, as 

well as their tensile strengths, antibacterial activities, and the biological impacts that 

they had on human keratinocytes, human dermal fibroblasts, and human vascular 

endothelial cells. The findings demonstrated that in comparison to pure fish collagen 

nanofibers, the tensile strength of the Col/BG nanofibers rose to 21.87±0.21 Mpa, and 

they had a considerable degree of antibacterial activity against Staphylococcus aureus. 

In addition to this, it was discovered that the Col/BG nanofibers encouraged human 

keratinocytes to adhere to one another, proliferate, and migrate [182]. 
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 Fish Bone: Type I collagen, which is composed of two α1 and one α2 chain 

combinations, is present in fish bone. [183]. The research in the literature, which 

sought to get collagen from the bones of tilapia (Oreochromis mossambicus), revealed 

a denaturation temperature of 32.5 °C [184]. Collagen from the bones of catfish, 

mackerel, pomfret, and tilapia species has a higher temperature value (16.6-19.03 °C) 

and requires less time to extract (73.16 hours) than collagen extracted from the flakes 

and skins of these species. However, its extraction efficiency is lower (0.64%) [185].  

Ramli et al. obtained collagen by using Lutjanus sp bone in their research and 

they claimed that this collagen can be employed as an anticancer drug [186]. In this 

research, the collagen production yield was found to be 4.535 [187]. He and his 

colleagues removed calcium and collagen from fish bones, which are referred to as 

garbage, using semi-bionic extraction (SBE) technology and pulsed electric field 

(PEF) treatments. The SBE method mimics the absorption and digestion procedure of 

the human gastrointestinal system by using a range of pH values as well as acid and 

alkali extraction procedures. In this research, 22.79 kV/cm PEF was used and they 

obtained 3.87 mg/mL collagen. Calcium and collagen were obtained from fish bone 

by combining SBE and PEF techniques [186]. 

In other research conducted by Ramli et al. synthesized collagen from fish bone 

using 1% pepsin and a PEF strength of 20 kV/cm. A collagen output of 16.13 mg/mL 

was found in the evaluation carried out as a result of this study. According to these 

findings, the fundamental desalination procedure should involve employing 

ethylenediamine tetraacetic acid (EDTA) and hydrochloric acid (HCl) to remove 

calcium and high hydroxyapatite concentrations. It should be noted that the HCl 

employed in this procedure may weaken collagen's structure [184].  

In Wang et al. study, chitosan and chum salmon (Oncorhynchus keta) skin, bone, 

and scales were used to generate a collagen composite gel [188]. Following the 

characterization of this composite gel, its biocompatibility was investigated, and an 

inflammatory response was reported. The specimens were collected in order to conduct 

a histological examination in addition to an ELISA-based tumor necrosis factor-alpha 

(TNF-) analysis. When the ratio of salmon atelocollagen to chitosan was either 10:90 

or 20:80, the inflammatory cell infiltration as well as the production of TNF- were 

repeatedly regulated at low levels. After implantation, initially the salmon 

atelocollagen gel, and then the chitosan in the composite gel, were progressively 
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absorbed, and this was followed by the creation of soft tissue. This process took around 

2 weeks [188]. 

 

 Fish Cartilage: Fish cartilage has a high amount of collagen, the majority of 

which is type II collagen, while Hoki (Macruronus novaezelandiae) is known to 

contain a small amount of type IX and XI collagen [171]. Fish species such as Dasyatis 

akjei, Raja porosa and Sphyrna lewini, on the other hand, have type I collagen in their 

cartilages. There is type II collagen present, despite the fact that type I collagen is 

known to make up the majority of the cartilage in the Amur sturgeon (Acipenser 

schrenckii) [187].  

Comparable to mammalian cartilage in terms of amino acid content and chain 

arrangement is the collagen produced from Hoki cartilage. For the treatment of 

disorders related to cartilage, this kind of collagen may have application as 

biomaterials [187].  Due to the high quantities of antioxidants found in silvertip shark 

collagen, this species is chosen for use in biomedical applications. Jeevithan et al. 

investigated the production of collagen from Silvertip shark (Carcharhinus 

albimarginatus) and the antioxidant and physicochemical features of this collagen 

[189]. The collagen types obtained are as follows; type II gelatin, acid-soluble type II 

collagen (ASC), and pepsin-soluble collagen (PSC).  

Luo et al. obtained ASC with 27.13% ± 1.15% yield and PSC with 14.69 ± 

0.85% yield by using cartilages of Siberian sturgeon (Acipenser baerii) in their 

research [190]. This type of collagen has the potential to be an alternative to type II 

collagen obtained from mammals. Luo et al. obtained ASC with 27.13% ± 1.15% yield 

and PSC with 14.69 ± 0.85% yield by using cartilages of these fish cartilage in their 

research [190]. The possibility exists that this kind of collagen could replace type II 

collagen derived from mammals. 

Collagen from cartilage demonstrates a lower temperature of denaturation than 

the 26.3 °C to 35.9 °C denaturation temperature typical of bovine collagen [191]. For 

example, collagen from trout (Oncorhynchus keta) is denatured at 19 °C, while 

collagen from shark is denatured at 30 °C [192]. This discrepancy between 

temperatures limits its medical applications on humans. 

The acid solubilized collagen (ASC) and pepsin solubilized collagen (PSC) were 

isolated from the by-products (bone) of a cartilaginous fish (Mustelus mustelus) in the 

investigation that was conducted by Slimane et al. [83]. Chitosan and collagen that had 
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been solubilized with pepsin were used to make composite films. When compared to 

chitosan film, this kind of film had a lower tensile strength but a greater elongation at 

break; when compared to collagen film, this type of film exhibited a lower water 

solubility and a lighter weight. In the same vein, an examination of the film composite 

using FTIR spectroscopy demonstrated the presence of a collagen-chitosan interaction 

that led to an alteration of the secondary structure of collagen. The collagen-chitosan 

biofilm shown potential UV barrier qualities as well as antioxidant activity; hence, it 

has the potential to be used as a green bioactive film for the preservation of 

nutraceutical items [83]. 

 

 Fish Scale: Fish scales can cause serious waste generation in the fish processing 

industry due to high volume, lack of utilization, difficult to dispose, environmental 

concerns, odor and pest attraction, missed opportunities. Type I collagen can be 

obtained from these wastes, thus the wastes are evaluated [193]. In a research aimed 

at obtaining collagen using Tilapia (Oreochromis sp.) scales, it was observed that this 

collagen has high amino acid content, Van der Waals interactions and high intra/inter-

chain and ionic bonds therefore has a high denaturation temperature [189]. 

On the other hand, collagen was found to be produced from fresh carp (Cyprinus 

carpio) scales at a low denaturation temperature (32 °C) [194]. The yield of collagen 

from the skin of pomfret, catfish, mackerel, and tilapia species is 4.3%; however, the 

yield of collagen from their scales is only 0.13%. However, obtaining collagen from 

scales requires a longer extraction time of approximately 77 hours and a higher 

extraction temperature (16.6–19.03 °C) [185]. Fish scales are a suitable source for 

collagen production in terms of their water holding (15%) and water absorption 

(13.3%) capacities required for medical and biomedical applications [189]. 

 

1.5. Applications of Fish-Derived Collagen on Wound 

Healing 

 

Wound healing includes a difficult process due to the fact that the healing 

process of the wound starts from coagulation and ends in re-epithelialization consists 

of many phases. The use of traditional drugs in wounds, such as burn reactions, may 

cause the person to develop drug resistance. For this reason, natural origin treatment 
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methods should be investigated. With the prolongation of the healing process, various 

complications and pain may develop. Collagen is a good contender for biomedical 

applications due to its biocompatibility, capacity to penetrate more lipid-free 

interfaces, and biodegradability. Thanks to the high strength and stable structure of 

collagen, its fibers can be self-organized and cross-linked, making it important for 

biomedical applications [195].  

There are many studies in the literature examining the usage of collagen 

hydrogels in wound dressing. The reason is that it provides a three-dimensional 

structure that resembles the moisture in the cell structure of the skin and provides the 

moist environment that wounds need [196].  

Collagen can be seen as an great option for wound healing by the reason of its 

non-antigenicity, impermeability to bacterial contamination and air permeability. 

Thanks to its flexible and elastic structure, it shortens the recovery time and reduces 

pain. It fosters the growth of cells and tissues while encouraging the synthesis of cell 

tissue matrix. It stimulates the formation of fibroblasts and keratinocytes, which 

accelerates the healing process in the wound area. Fish collagen has wound healing 

qualities that are antibacterial, anti-inflammatory, and immunological modulatory 

[197]. 

Elbialy et al. investigated the impact on cutaneous wound healing by obtaining 

type I collagen from the skin of Nile tilapia (Oreochromis niloticus L.) in their research 

on rats [196]. It was shown that the obtained collagen had a stimulating impact on 

wound healing since it promoted keratinocyte proliferation, led to fibroblast 

differentiation, and increased the formation of ECM. In another research conducted by 

Shalaby et al., collagen was obtained from mullet and tilapia fish and its effect on 

wound healing was investigated [195]. As a result of the research, it was seen that 

collagen increased the cell adhesion capacity, thus promoting wound closure and 

accelerating its healing. The presence of hydroxyproline, an element of collagen, can 

be used to monitor the accumulation of collagen in a certain area and thus wound 

healing. Collagen promotes in the creation of granulation tissue, re-epithelialization of 

the wound, angiogenesis, and platelet aggregation, all of which contribute to the 

promotion of wound healing. 

 

 



 

36 

1.6. Sodium Alginate 

 

Brown seaweed is the source of the biopolymer known as alginate, which has a 

naturally occurring anionic structure and is produced as a biopolymer. It is easily 

accessible, is biocompatible, and does not cause any harm [198]. The moist 

environment and lower risk of bacterial infections that are hallmarks of alginate-based 

wound dressings are two of the most significant contributors to the speedy recovery of 

wounds [198]. 

Some researchers have created and reported on the possible use of wound 

dressing materials that are films based on sodium alginate [199]. They protect the 

wound from bacterial infections, speed up the process of wound healing, increase 

permeability to water vapor, carbon dioxide, and oxygen, and alginate's mechanical 

qualities may be increased by mixing it with other polymers.  

Liakos et al. produced films made of sodium alginate that had essential oils 

infused into them [200]. Glycerol was utilized as a plasticizer, and various essential 

oils such as chamomile blue, cinnamon, lavender, tea tree, peppermint, eucalyptus, 

lemon grass, and lemon oils were put into the films [200]. Igepal surfactant was used 

so that we could improve the dispersion of the oil throughout the matrix of the film. 

Because of the presence of the surfactant, the miscibility of the essential oil and the 

matrix was significantly improved. The films demonstrated a high level of antibacterial 

activity. The films that included tea tree, cinnamon, lemon grass, and peppermint were 

successful in inhibiting E. coli and C. albicans at all of the concentrations that were 

tested. Only Candida albicans was susceptible to the killing effects of the film that 

included elicriso oil [200]. The kind of essential oil that was placed onto the films had 

an impact on the selectivity of the films' antibacterial activity, which was measured in 

micrograms per square centimeter.   

Pereira et al. produced hydrogel films were made by using alginate and aloe vera 

gel in several quantities, including 75:25, 85:15, and 95:5 by volume/volume 

respectively [201]. Their swelling increased with an increase in the quantity of aloe 

vera that was included in the films, and their mechanical qualities were acceptable for 

applications that involved the skin. The films had a surface that was very smooth, they 

were quite malleable, and their thicknesses ranged from 66.14 to 69.00 micrometers. 

Tensile strength and elongation values at the point of breakage were found to vary 
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from 21.44 to 40.44 MPa and 5.94 to 13.27%, respectively, in the films that were not 

crosslinked. Because of the addition of glycerol, there was a significant reduction in 

the stiffness of the material. This was shown by a reduction in the tensile strength in 

the range of (40.44–28.66 MPa) and an increase in the elongation at break in the range 

of (5.94–13.27%) [201]. 

 

1.7. Applications of Sodium Alginate on Wound Healing 

 

Due to its simplicity of gelation, biocompatibility, bioresorption, sodium 

alginate has a variety of uses in wound healing. It is frequently utilized as a hydrogel 

for a variety of biological applications, such as tissue engineering, medication delivery, 

and wound healing [202].  

Because they may gel when they come into touch with moisture, sodium alginate 

hydrogels have been used as dressings in the field of wound healing [203]. These 

hydrogels have a great capacity for absorbing moisture, which aids in preserving a 

moist environment for comfortable wound healing. The hydrogel matrix of sodium 

alginate also enhances the water vapor transmission capacity, allowing for better 

wound healing [16]. It has been discovered that sodium alginate hydrogels exhibit 

outstanding biological affinity and adhesive characteristics [204]. Their limited 

clinical applications are due to the fact that their adhesive strength declines under 

physiological status [205]. To address this issue, recent trends have focused on 

developing hybrid or composite hydrogels using sodium alginate to enhance the 

mechanical features of wound dressings [204]. Additionally, it has been noted that 

sodium alginate hydrogels possess antibacterial qualities, making them appropriate for 

the treatment of wounds [206]. Alginate hydrogels containing Aloe vera and essential 

oils have been used in clinical wound care due to their antimicrobial and anti-

inflammatory capacities [205]. These hydrogels can serve as disposable wound 

dressings with antimicrobial properties [206]. 

Researches have also investigated the wound healing effects of sodium alginate 

in combination with other bioactive agents. For instance, a study demonstrate that the 

topical application of lupeol, combined with sodium alginate gel, enhanced 

considerable wound healing activity [207]. Sodium alginate has also been used as a 

matrix material in hybrid formulations with polyvinyl alcohol and bioactive agents like 
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GSNO (S-nitrosoglutathione) for wound dressing applications [208]. Sodium alginate 

has been coupled with bioactive substances to treat diabetic wounds in addition to 

being used as a material for wound dressings. For diabetic wounds, for instance, 

sodium alginate-gelatin wafers containing diosmin nanocrystals have been created 

[209]. Additionally, silymarin-loaded sodium alginate-based wafers have been 

demonstrated to outperform the high glucose-induced reduction in endothelial cell 

migration, highlighting their potential for managing diabetic wounds [209]. 

Sodium alginate films have been extensively researched and applied in wound 

healing due to their favorable properties and ability to form hydrophilic gels. These 

films, which include films, hydrogels, wafers, foams, and nanofibers, can be 

customized to fit various types of wound dressings [16]. One of the key advantages of 

sodium alginate films is their ability to absorb excess wound fluid and pursue a moist 

environment, which is vital for optimal healing process [16]. These films can create a 

moist microenvironment that promotes cell migration, angiogenesis, and collagen 

synthesis [91]. The maintenance of a moist environment also helps in preventing 

wound dehydration and scab formation, which can impede the healing process [16] 

Alginate films can also bind pathologic elements that are harmful to wound 

healing, such as proteases and proinflammatory cytokines, helping to foster an 

environment that is conducive to healing [210]. The therapeutic efficacy of sodium 

alginate films can be further enhanced by incorporating other bioactive agents. For 

example, alginate films loaded with essential oils have demonstrated remarkable 

antimicrobial and antifungal properties, making them suitable for wound dressings 

[211]. Furthermore, sodium alginate films have been found to be biocompatible and 

non-toxic, making them safe for use in wound healing applications [16]. It has been 

demonstrated that they encourage cell adhesion, proliferation, and migration that is the 

processes crucial for the healing of wounds [89]. Alginate films can also provide 

thermal isolation, relieve pain, and be easy to use [89]. 

 

 

 

 

 

 

 



 

39 

2. LITERATURE REVIEW 

 

  George et al. created films that included gelatin as well as sodium alginate using 

a procedure called solvent casting [212]. After that, they loaded the films with silver 

sulfadiazine. The films were capable of entrapping between 93% and 97% of the silver 

sulfadiazine and were biodegradable. The picture had a release profile of silver that 

was maintained over the course of seven days. The films had a folding capability that 

ranged from 337±0.96 to 459±0.69, which is indicative of their capacity to endure the 

mechanical pressure and excellent flexibility. It was found that the films had an 

encapsulation percentage ranging from 90.23% to 97.75% of the medication, making 

them suitable for use as wound dressing [212].  

  In the research conducted by Feng et al., an improved method for full-thickness 

wound healing was devised using a hybrid hydrogel that included aminated collagen, 

oxidized sodium alginate and antimicrobial peptides (polymyxin B sulfate and 

bacitracin) [213]. The aminated collagen with low immunogenicity and good 

biocompatibility was created using marine fish scales, which are sustainable, eco-

friendly, and inexpensive. The aminated collagen also has a high degree of 

immunogenicity. A Schiff base reaction was used, however no catalysts were 

necessary, and extra steps were not required in order to produce the cross-linked 

hydrogel. As was to be predicted, the hybrid hydrogel that was shown has the ability 

to successfully combat E. coli and S. aureus, in addition to promoting cell development 

and angiogenesis in vitro. The findings of the in vivo assessment indicated that the 

hybrid hydrogel dressing has the ability to improve full-thickness wound healing by 

fostering the creation of granulation tissue and the deposition of collagen, as well as 

accelerating angiogenesis and epithelial regeneration. In addition, a rat model has 

shown that the hydrogel may accelerate the process of reepithelialization, collagen 

deposition, and angiogenesis, all of which are necessary for full-thickness wound 

healing. The results of their research showed that the hybrid hydrogel might potentially 

have useful uses in the area of wound healing [213]. 

Li et al. produced strontium loaded silk fibroin-sodium alginate films for the 

purpose of wound dressing [214]. The amount of strontium that was placed onto the 

films varied from 1 mg/mL all the way up to 30 mg/mL. The amount of strontium 

placed into the films caused the water absorption rate to drop, which was inversely 
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proportional to the amount of strontium present. The water absorption rate of films 

that do not include strontium was found to be 900%, while the water absorption rate 

of films containing either 1 mg/mL or 30 mg/mL of strontium was found to be either 

800% or 100%, respectively. According to these observations, following the 

incorporation of strontium, the films acquire a greater degree of hydrophobicity. The 

water vapor transfer rate of the films was in the range of 2,000 to 2,700 g/m2 per day, 

which is enough to prevent excess exudates at the wound site, which may lead to 

bacterial infections and slow the healing process [214]. 

In the research conducted by Liu et al., a collagen-chitosan composite film called 

CC-G-E film was modified using grapheme oxide (GO) and 1-(3-

Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) [215]. This film 

was then loaded with basic fibroblast growth factor (bFGF) in an effort to build an 

effective wound healing device. They describe in this research a unique drug delivery 

system that inhibits the initial burst release of pharmaceuticals as well as the loss of 

bioactivity of medications when used in in vitro and in vivo settings respectively. When 

the dosage of GO was between 0.03% and 0.07%, the findings revealed that the CC-

G-E film had enhanced thermal stability, a greater rate of crosslinking, and increased 

mechanical characteristics. These results were shown when the dosage of GO was 

between 0.03% and 0.07%. The in vitro release of bFGF from CC-G-E film was shown 

to persist for more than 28 days. In addition, the CC-G-E films showed good in vitro 

biocompatibility after being cultured with L929 fibroblasts, exhibiting great cell 

attachment and proliferation as a result of the culture. The capacity of Sprague Dawley 

rats to mend full-thickness skin wounds was evaluated by implanting CC-G-E films 

into their skin and observing the results. In comparison to the control with no 

treatment, the CC-G-E film was shown to hasten the process of wound healing in the 

study's findings [215].  

Rezvanian et al.  revealed a composite film made of sodium alginate combined 

with pectin or gelatin [216]. According to the results of the pre-formulation 

investigations, the combination of sodium alginate and pectin produced outstanding 

mechanical qualities. It was discovered that an alginate/pectin composite film filled 

with simvastatin might be a suitable and effective wound dressing. The films 

themselves were non-toxic. When compared to the apparent viscosity of other gels, the 

sodium alginate-gelatin film loaded with simvastatin had a value of just 250 s-1. This 

represented a considerable reduction in viscosity. The ratio of the polymers in the film 
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had an effect on the pace at which the medication was released from the film. The 

medication was released at a rate of 0.826±0.069 mg/cm2 from sodium alginate-pectin 

film loaded with simvastatin, 0.929±0.101 mg/cm2 from sodium alginate loaded with 

simvastatin, and 1.736±0.134 mg/cm2 from sodium alginate-gelatin loaded with 

simvastatin, respectively. Evaluation of cytotoxicity was out in vitro on normal human 

dermal fibroblast cells demonstrated a cell viability of 83.20 percent in comparison to 

cells that had not been treated [216]. 

Dantas et al. described the use of sodium alginate-chitosan based films for the 

treatment of burns in conjunction with laser therapy [217]. In vivo investigations 

conducted on male rats utilizing a combination of laser treatment and the films boosted 

the quick replacement of type III collagen with type I collagen, blood vessel creation, 

epithelization, collagenization, and encouraged excellent arrangement of the newly 

generated collagen fibers. The combination enhanced the biostimulatory effect of low-

level laser treatment, which led to a considerable improvement in the rate at which the 

burns healed [217]. This improvement was due to the anti-inflammatory properties of 

chitosan and alginate.  

Sharma et al. produced films containing silver nanoparticles, sodium alginate, 

and chitosan by with varying ratios [218]. In comparison to other films, the one with 

a sodium alginate-chitosan films ratio of one to one displayed a larger percentage of 

water absorption, improved mechanical qualities, was simple to handle, and had a 

smoother surface. It had a thickness of 5.562±0.43 millimeters, an elongation value at 

break of 23.80±2.53%, a tensile strength of 16.55±3.62 megapascals, and a Young 

Modulus of 520 88.82 megapascals, which was high in comparison to other ratios. In 

addition, the films were successful in inhibiting Gram-positive bacteria, which further 

demonstrated their potential use in wound dressing [218]. 
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3. MATERIALS and METHOD 
 

In this section, the materials required for collagen-sodium alginate composite 

film structures produced within the scope of this thesis, the experimental stages and 

characterization methods are included. In the first stage of the experiment, type I 

collagen is extracted from sea bass fish (Dicentrarchus labrax) scales. The second 

stage is the preparation of collagen and sodium alginate composite film using solvent 

casting technique. The last step involves the incorporation of characterization 

procedures in order to conduct thermal, chemical, morphological, and elemental 

analyses of the collagen and films that have been produced. 

 

3.1. Materials and Devices 

 

  The table below lists the precursor materials that were used in the experimental 

stages that was carried out. 

 

Table 3.1: Materials used in whole experimental stages of this thesis research. 

 

Name Brand City/Country 

Dicentrarchus labrax 

scale 

      Sürsan Muğla/Turkey 

Sodium chloride Isolab Wertheim/Germany  

Acetic acid (Glacial) Tekkim Bursa/Turkey 

Hydrochloric acid Honeywell Seelze/Germany 

Pepsin (From porcin 

gastric mucosa) 

Millipore Corporation Darmstadt/Germany 

Sterile gauze compresses Kuteks Aydın/Turkey 

Glycerol Sigma-Aldrich Schnelldorf/Germany 

Glutaraldehyde Sigma-Aldrich Schnelldorf/Germany 

Visking dialysis tube Serva Heidelberg/Germany  

Sodium alginate Sigma-Aldrich Schnelldorf/Germany 

Sterile gauze compresses Kuteks Aydın/Turkey 
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3.2. Methods  

 

3.2.1. Preparation and Demineralization of Fish Scales for Extraction 

 

After the scales were obtained form Sürsan (Muğla/Turkey), they were stored at 

-20 °C until used after washing with distilled water. As seen in the Figure 3.1, in order 

to get rid of non-collagenous proteins that may be on the surface of the scales, they 

were first washed 2 times in 10% NaCl solution, then mixed for 24 hours 

(Scale:solution ratio: 1:10). The scales were demineralized so that they could be used 

in the collagen extraction process without any further preparation. In this context, the 

scales were mixed with 0.4 mol/l of HCl. (Scale: solution ratio: 1:15) for 90 minutes 

in order to demineralize them. After that, the scales were washed three times with 

distilled water in order to prepare them for collagen extraction. 

 

 

 

 

Figure 3.1: Schematic representation of preparationa and demineralization of 

fish scale collagen and extraction of pepsin-soluble collagen process. 

 

3.2.2. Extraction of Pepsin-Soluble Collagen from Fish Scales 

 

The extraction process of collagen was carried out at +4◦C. The scales were 

mixed for 48 hours in 0.5 M acetic acid solution containing pepsin (1 wt.% of the 
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demineralized scales) (Figure 3.1). Then, the solution was filtered with the help of 

gauze in order to remove the residues that may be present in the solution. The filtered 

solution was centrifuged at 9000 × g for 60 min. Pepsin (1 wt.% of the estimated 

collagen) was added to the supernatant and mixed for 48 hours with magnetic stirrir. 

Then, the aqueous solution with 1 M NaCl added was mixed in 0.5 M acetic acid for 

purification after centrifugation at 9000 × g for 60 min. The solution obtained at the 

end was put into a dialysis tube and dialyzed in distilled water containing 0.1 M acetic 

acid for 3 days. These membranes were used in this thesis work as they are semi-

permeable membranes are designed to enable tiny molecules to flow through, such as 

salts, solvents, and small peptides, while preventing bigger molecules, such as 

collagen, from passing through. It was then lyophilized at -20°C for 24 hours. 

 

3.2.3. Preparation of Fish Scale-Derived Collagen and Sodium 

Alginate Composite Film  

 

 A solution was prepared by adding collagen (10%, w/v) to distilled water and 

stirred for 30 minutes at 65 °C on a magnetic stirrer (Figure 3.2). Then, different ratios 

of sodium alginate (Collagen: sodium alginate: 10:0, 10:3 and 0:2) were added to the 

aqueous collagen solution and mixed for another 30 minutes at 65°C. Film solution 

was prepared by adding glycerol and glutaraldehyde (0.5%, v/v) at a rate of 20% by 

dry weight to the mixture. The prepared solution was poured into petri dishes and left 

to dry for three days at room temperature (25°C). 

 

 

 

 

 

 

 

 

Figure 3.2: Schematic representation of preparation of fish scale-derived collagen 

film, sodium alginate film, fish scale-derived collagen and sodium alginate 

composite film process.  
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3.2.4. Characterization of Fish Scale-Derived Collagen Film, Sodium 

Alginate Film and Fish Scale-Derived Collagen and Sodium Alginate 

Composite Film 

 

FTIR analysis was performed to investigate determining the chemical 

composition, interactions, and molecular structure of collagen, collagen film, sodium 

alginate film, and sodium alginate composite films. SEM-EDS analysis was performed 

to investigate particle and fiber distribution, morphology examination, elemental 

analysis, microstructural analysis of collagen, collagen film, sodium alginate film, and 

sodium alginate composite films at the micro and nanoscale. In order to examine 

thermal behavior analysis and discover phase changes in collagen, collagen film, 

sodium alginate film, and sodium alginate composite films, DSC analysis was carried 

out. TGA analysis was performed to investigate thermal stability and decomposition 

behavior of collagen, collagen film, sodium alginate film, and sodium alginate 

composite films.  In order to examine the crystallographic structure and crystalline 

phases of collagen, collagen film, sodium alginate film, and sodium alginate composite 

film, XRD analysis was carried out. 

 

3.2.4.1. Fourier-Transform Infrared Spectroscopy (FTIR) Analysis of 

of Collagen, Collagen Film, Sodium Alginate Film, and Sodium 

Alginate Composite Film 

 

FTIR analysis was performed to examine the interactions of collagen and sodium 

alginate composite films derived from fish scale, collagen and sodium alginate 

compounds with each other. Samples taken from the collagen, collagen film, sodium 

alginate film, and sodium alginate composite film were analyzed using infrared 

spectrometer (Spectrum 100, PerkinElmer, USA) and measurements made in the range 

of 400-4000 cm-1). 
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3.2.4.2. Scanning Electron Microscopy (SEM) and Energy Dispersive 

Spectroscopy (EDS) Analysis of Collagen, Collagen Film, Sodium 

Alginate Film, and Sodium Alginate Composite Film 

 

Scanning Electron Microscope (SEM) (Win10 FEI (Philips) XL30 microscope, 

USA) analysis was performed in order to examine the topography and morphology of 

the collagen, collagen film, sodium alginate film, and sodium alginate composite films. 

The samples taken from the collagen, collagen film, sodium alginate film, and sodium 

alginate composite films were coated with gold and prepared for analysis.  

Energy dispersive spectroscopy (EDS) was used in this technique to assess the 

weight percentage of elements in the collagen, collagen film, sodium alginate film, 

and sodium alginate composite films. The EDS spectra of collagen, collagen film, 

sodium alginate film, and sodium alginate composite films were examined using 

EDAX Genesis software at a working distance of 15 mm and an acceleration voltage 

of 5 kV. 

 

3.2.4.3. Differential Scanning Calorimetry (DSC) Analysis of 

Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate 

Composite Film 

 

The device (DSC 404 C Pegasus, Netzsch-Gerätebau GmbH, Germany) was used 

to examine the thermal properties of collagen, collagen film, sodium alginate film, and 

sodium alginate composite films. Before the measurement was taken, the samples were 

weighed and the analysis put into the aluminum pan which hold the sample during the 

analysis and to facilitate accurate temperature measurements. The analysis was 

performed at the determined measurement temperature range of -30℃ to 400℃. 
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3.2.4.4. Thermogravimetric Analysis (TGA) Analysis of of Collagen, 

Collagen Film, Sodium Alginate Film, and Sodium Alginate 

Composite Film 

 

It was used to examine the composition, thermal behavior, stability, moist content 

of the sample by measuring the weight change of the collagen, collagen film, sodium 

alginate film, and sodium alginate composite films depending on temperature or time. 

The samples were placed on the pans to be measured and put into the device (TGA 

Linseis STA 1600 HP, Germany), and the measurement was taken by heating in the 

temperature range of 25℃ to 900℃. 

 

3.2.4.5. X-Ray Diffraction (XRD) Analysis of of Collagen, Collagen 

Film, Sodium Alginate Film, and Sodium Alginate Composite Film 

 

  The purpose of the usage XRD analysis examine crystallinity assessment, phase 

identification, crystalline behavior of collagen, collagen film, sodium alginate film, 

and sodium alginate composite films. It was aimed to examine the atomic and 

molecular order in X-rays interact with the crystal lattice in the structure of the film 

and analysis is provided by analyzing these interaction forms. Cu Ka1 radiation was 

used for measurement and recorded with a Bruker D-8 Advance XRD instrument. A 

Rigaku D-Max 2200 PCI diffraction meter was used to captured the diffraction 

patterns over 2 within 5-80°. 
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4. RESULTS & DISCUSSION 

 

  Chemical composition, interactions and molecular structure of collagen, collagen 

film, sodium alginate film and sodium alginate composite films were determined by 

FTIR analysis. With SEM-EDS analysis, particle and fiber distribution, morphological 

analysis, elemental analysis, microstructural analysis of collagen, collagen film, 

sodium alginate film and sodium alginate composite films were investigated at micro 

and nano scale. Thermal behaviors and phase changes in collagen, collagen film, 

sodium alginate film and sodium alginate composite films were investigated by DSC 

analysis. Thermal stability and decomposition behavior of collagen, collagen film, 

sodium alginate film and sodium alginate composite films were investigated by TGA 

analysis. Finally, the crystallographic structure and crystal phases of collagen, collagen 

film, sodium alginate film and sodium alginate composite film were investigated by 

XRD analysis. 

 

4.1. Results of FTIR Analysis of Collagen, Collagen Film, 

Sodium Alginate Film, and Sodium Alginate Composite Film 

 

The FTIR spectra of collagen from the Dicentrarchus labrax scales was depicted 

in Figure 4.1. 
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a) 

 

 

Figure 4.1: FTIR spectra of collagen from Dicentrarchus labrax scales. 

 

As seen in Figure 4.1, the characteristic peaks of collagen from Dicentrarchus 

labrax scales was found at 3288 cm-1, 2938 cm-1, 1644 cm-1, 1542 cm-1, 1448 cm-1, 

1250 cm-1, 1067 cm-1, 871 cm-1, 749 cm-1, and 661 cm-1. These values line up with the 

research conducted by El-Rashidy et al. [219]. As demonstrated, the amide A 

absorption band, which is connected to N-H stretching and hydrogen bonding, is found 

at 3288 cm-1, was found to be similar with the results achieved in the study conducted 

by Purna Sai et al [220]. Additionally, locations of the amide B band were discovered 

at 2938 cm-1, which were connected to an asymmetric stretch of CH2, were found to be 

similar with the results achieved in the study conducted by Abe et al. [221]. The amide 

I band in 1644 cm-1 is connected with carbonyl group vibrations, that is coupled with 

N-H bending vibrations. This suggests that the triple helix was formed as a result of 

hydrogen bonds forming between C = O groups and N-H groups, CN stretching, and 

CCN deformation [222]. 

The peak observed at 1542 cm-1  was associated with the NH vibration of in-

plane bending and combination of CN stretching (Amide II), which was matching with 

the results achieved in the study conducted by Duan et al. [183]. At 1448 cm-1, peaks 

were observed in association with CH2 bending (Amide II), which was matching with 

the results achieved in the study conducted by Jackson et al. [223]. As a result of amide 

linkage, the C-N stretching and N-H in-plane bending that constitute up the 

complicated amide III band in 1250 cm-1 are both present. Additionally, it is created 
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by the absorption of wagging vibrations from CH2 groups on the side chains of proline 

and the glycine backbone [222]. The peak observed at 1067 cm-1 was associated with 

the C-O stretching (Amide III), which was matching with the results achieved in the 

study conducted by Jackson et al. [223]. At 871 cm-1, 749 cm-1 and 661 cm-1 peaks 

were observed in association with skeletal stretching, were found to be similar with 

the results achieved in the study conducted by Abe et al. [221]. The outcomes are 

consistent with Pati et al., Duan et al., and Muyonga et al. [224, 225]. 

The FTIR spectra of collagen film, sodium alginate film, collagen and sodium 

alginate composite films were depicted in Figure 4.2. 

 

 

 

Figure 4.2: FTIR spectra of collagen film, sodium alginate film, collagen and 

sodium alginate composite films. 

 

As seen in Figure 4.2, the characteristic peaks of sodium alginate films were 

found at 3290 cm-1, 2937 cm-1, 2107 cm-1, 1644 cm-1, 1409 cm-1, 1034 cm-1, 1250 cm-

1, 1067 cm-1, 871 cm-1, 749 cm-1, and 661 cm-1. These values line up with the research 

conducted by Marangoni et al. [226]. The hydroxyl, ether, and carboxylic functional 

groups all displayed significant absorption bands in the sodium alginate spectrum. At 

3290 cm-1, peak was observed in association with –OH stretching, were found to be 

similar with the results achieved in the study conducted by Pereira et al. [227]. The 

peak observed at 2937 cm-1 was associated with the weak aliphatic C–H stretching 
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band, which was matching with the results achieved in the study conducted by Pereira 

et al. [227]. It was determined that the asymmetric and symmetric stretching vibrations 

of the carboxylate salt ion were responsible for the observed bands at 1644 and 1409 

cm-1, were found to be similar with the results achieved in the study conducted by 

Santos et al. [228]. It was determined that the bands at 1067 and 871 cm-1 were caused 

by the pyranosyl ring's C-O stretching vibration and the C-O stretching with 

contributions from C-C-H and C-O-H deformation. 

As seen in Figure 4.2, the characteristic peaks of collagen films were found at 

3268 cm-1, 2932 cm-1, 1598 cm-1, 1409 cm-1 1025 cm-1 and 673 cm-1. By combining 

four spectral intervals [(C=O) absorption of amide I, (CH2) and (CH3) absorptions,] 

(C–N), and 𝛿(N–H) absorptions of amide III, and (C–O) and (C–O–C) absorptions of 

carbohydrate moieties] it was possible to achieve a reliable classification of FTIR 

spectra collagen film [229]. The peak found at 3268 cm-1 correspond to the amide A 

absorption band, N-H stretching and hydrogen bonding. This peak was found to be 

smilar with the results obtained in the study conducted by Purna Sai et al. [220]. The 

peak at 2932 cm-1 is associated with amide B band, which was connected to an 

asymmetric stretch of CH2, like the results achieved in the study conducted by Bi et al. 

[230].  That at 1598 cm-1 is associated with C=O stretching (Amide I), which was 

matching with the results achieved in the study conducted by Payne et al.[222]. The 

peak observed at 1409 cm-1 was associated with the CH2 bending (Amide II), which 

was matching with the results achieved in the study conducted by Camacho et al. 

[231]. At 1025 cm-1, peak was observed in association with C-O stretching (Amide 

III), parallel to the results achieved in the study conducted by Guo et al. [232]. The 

peak observed at 673 cm-1 was associated with the skeletal stretching.  

As seen in Figure 4.2, the characteristic peaks of collagen and sodium alginate 

composite films were found at 3284 cm-1, 2932 cm-1, 1635 cm-1, 1407 cm-1, 1030 cm-

1 and 673 cm-1. These values line up with the research conducted by El-Rashidy et al. 

[219]. The collagen and sodium alginate composite films fim's FTIR spectra showed 

the distinctive peaks of amides I, II, and III as well as amides A and B. At 3284 cm-1, 

peaks were observed in association with NH stretch coupled with hydrogen bending 

(Amide A), were found to be similar with the results achieved in the study conducted 

by Purna Sai et al. [220]. At 2932 cm-1, peaks were observed in association with CH2 

asymmetrical stretching (Amide B), were found to be similar with the results achieved 

in the study conducted by Abe et al. [221]. The peak observed at 1635 cm-1 was 
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associated with the C=O stretching (Amide I), which was matching with the results 

achieved in the study conducted by Payne et al. [222]. At 1407 cm-1, peaks were 

observed in association with CH2 bending (Amide II), were found to be similar with 

the results achieved in the study conducted by Jackson et al. [223]. The peak observed 

at 1030 cm-1 was associated with the C-O stretching (Amide III), which was matching 

with the results achieved in the study conducted by Jackson et al. [223].  At 673 cm-1, 

peaks were observed in association with skeletal stretching, were found to be similar 

with the results achieved in the study conducted by Abe et al. [221].  

FTIR spectra of collagen and collagen and sodium alginate composite film 

showed similar absorbance values. It was discovered that the band's location had 

shifted to a lower frequency (1542 cm-1) compared to the amide II band's typical 

absorption range (1550 cm-1 –1600 cm-1), which indicated that each collagen included 

hydrogen bonds. The asymmetrical COO stretch and OH stretch for the collagen and 

sodium alginate composite film proceed to a smaller wave number (from 3290 to 3284 

cm-1). The existence of hydrogen bonding in sodium alginate and collagen causes the 

wave number to change to a lower value. FTIR analysis suggests that collagen and 

sodium alginate most likely have strong chemical interactions. 

 

4.2. Results of SEM-EDS Analysis of Collagen, Collagen 

Film, Sodium Alginate Film, and Sodium Alginate 

Composite Film 

 

  Morphology and elemental analysis of collagen, collagen film, sodium alginate 

film, collagen and sodium alginate composite film were performed by SEM and EDS 

analysis. The following section contains the results and analysis. Figure 4.3 presents 

the results obtained from the SEM-EDS analysis performed on the collagen sample. 
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Figure 4.3: (a) SEM images (50 µm) of collagen from Dicentrarchus labrax scale 

and (b) EDS analysis of collagen from Dicentrarchus labrax scale. 

 

As seen in Figure 4.3. (a), collagen exhibited a homogeneous, orderly, multi-

layered and fibrillar structure. The structure of collagen, which exhibits a thin and soft 

sheet structure, was quite wrinkled and folded; similar exhibition with the results 

achieved in the study conducted by Chinh et al.  [173]. The tissue contained collagen 

in the form of covalent cross-linking between different pure protein subunits, which 

gives the collagen its fibrous structure. [233]. 

The elemental composition of collagen as determined by EDS analysis is shown 

in Figure 4.3. (b)., collagen consisted of the elements C, O, N, S, Na and Cl. The usage 

of NaCl in collagen precipitation is what causes the presence of Na and Cl components 

[234]. The total composition of Na and Cl elements is 1.11%, which is quite low 

compared to other elements. Chinh et al. were achieve to reduce the amount of Na and 

Cl to 0% in their study [173]. The elements of collagen were distributed in the 

following order: C > O > N > S> Cl > Na. There was a striking similarity between the 

percentage weights of the components found in collagen and the findings of the 

investigation carried out by Chinh et al. [173]. In this study, the total amount of Na, 

Cl is low and high purity collagen is obtained, although there is some impurity issue 

[183]. 
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Figure 4.4: (a) SEM images of collagen film (50 µm) and (b) EDS analysis of 

collagen film. 

 

Figure 4.4. (a) shows the SEM image and EDS analysis of collagen film. 

Collagen film matrix was found to have collagen fibers organized in a nonporous form. 

Although it exhibits a wavy appearance due to its regular fiber structure, it has been 

observed that the film contains NaCl particles used for demineralization of collagen in 

some parts of the film. 

The elemental composition of collagen film as determined by EDS analysis is 

shown in Figure 4.4. (b). Collagen film consisted of the elements C, O, N, S, Na and 

Cl. As seen in the EDS analysis, which confirms the presence of NaCl crystals in the 

SEM image, there are 1.29% Na and Cl elements in the film components. It was 

thought to be caused by the purification issue. The elements in the collagen film were 

distributed in the following order, just as in the elemental distribution of collagen: C > 

O > N > S>Na > Cl. There was a striking similarity between the percentage weights 

of the components found in collagen and the findings of the investigation carried out 

by Chinh et al. [173]. 
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Figure 4.5: (a) SEM images of sodium alginate film (50 µm) and (b) EDS analysis 

of sodium alginate film. 

 

As seen in Figure 4.5. (a), sodium alginate film exhibited a smooth surface 

structure with slightly homogeneous morphologies due to the dust. This SEM image 

is matched the sodium alginate images typically reported in the literature [235,236]. 

As expected, and shown in Figure 4.5. (b), carbon weight is 34.98%, nitrogen 

weight is 2.87%, oxygen weight is 45.13%, calcium weight is 12.85%, sodium weight 

is 4.02% and chlorine weight is 0.15% in sodium alginate film. These weight (%) 

distribution, had good match with the results achieved in the study conducted by 

Ostadazadeh et al. [236]. 

 

 

 

Figure 4.6: (a) SEM images of collagen and sodium alginate composite film 

and (b) EDS analysis of collagen and sodium alginate composite film. 

 

  As shown in Figure 4.6. (a), the collagen and sodium alginate composite film had 

a smooth surface in general, with visible irregularity at some points. It was 
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hypothesized that the dust that had accumulated on the surface may be the root cause 

of this irregularity. The surface of the films composed of sodium alginate had a 

smoother and flatter form, in contrast to the composite films comprised of sodium 

alginate and collagen. The SEM images were examined in conjunction with the 

findings that were obtained from the research carried out by Junior et al. [226].  

  According to the EDS analysis that is shown in Figure 4.6 (b), the percentages of 

weight of the elements in the collagen and sodium alginate composite film are as 

follows: the carbon is 46.06%, the nitrogen is 10.34%, the oxygen is 33.95%, the 

sodium is 4.27%, the sulfur is 4.19%, the calcium is 0.36%, and the chlorine is 0.83%.  

As seen in Figure 4.6 (b), ion exchange occurred between sodium alginate and 

collagen. The weight of Ca in the sodium alginate film is higher than that in the 

composite film, and the weight of S in the collagen film is higher than that in the 

composite film. This indicates that ion exchange occurs between Ca and S ions in the 

composite film. This change has proven successful interpenetration of alginate and 

collagen [236]. 

 

4.3. Results of DSC Analysis of Collagen, Collagen Film, 

Sodium Alginate Film, and Sodium Alginate Composite Film 

 

  For the purpose of characterizing the materials' thermal behavior, differential 

scanning calorimetry (DSC) was employed. DSC thermograms can reveal information 

about the interactions between a collagen and a sodium alginate by revealing details 

about peaks, such as peak appearance or disappearance or melting points. 
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Figure 4.7: DSC thermograms of collagen. 

 

  In Figure 4.7, the endothermic peak at 101.3°C (𝑇𝑔) was seen on DSC diagram 

from the first heating scan of freeze-dried collagen. This outcome was similar to the 

collagen Tg value in Héctor Capella Monson's et al.'s study [238]. Collagen changes 

from its helical configuration to its coiled state at this temperature. In the dry condition, 

collagen molecules are tightly packed. The fibrils of collagen are randomly fragmented 

as a result of heat denaturation. 

  In the graph of collagen film, sodium alginate film, and sodium alginate composite 

film are obtained as a result of the DSC analysis, the relevant peak temperatures and 

the thermograms of the analysis are shown in Figure 4.8. 
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Figure 4.8: DSC thermograms of collagen, sodium alginate and composite film 

types. 

 

  An endothermia associated with the melting of the regular structures in the content 

of the films occurred at the points shown at the respective peak points. As seen in 

Figure 4.8, the 𝑇𝑔 value of the collagen film is 113.3, the 𝑇𝑔 value of the sodium 

alginate film is 94.1, and the 𝑇𝑔 value of the composite film is 98.4. The fact that the 

𝑇𝑔 value of the collagen film is higher compared to the other film compositions 

indicates that the thermal stability is decreased with the addition of sodium alginate. 

This behavior in thermal stability coincides with Wang et al. study in the literature 

[237]. That can be explained by the fact that the breakdown of the collagen structure 

took place at lower temperature. The addition of sodium alginate caused the triple helix 

structure of collagen to open [239]. Nonetheless, as the SA concentration increased the 

Tg value for the CS films first increased and subsequently dropped. The hydrogen 

linked networks and water molecules are responsible for the collagen film's stated Tg 

value [83]. 

  As seen in Figure 4.8, the 𝑇𝑐 value of the sodium alginate film is 216.3, the 𝑇𝑐 

value of the collagen film is 190.6, and the 𝑇𝑐 value of the composite film is 155.7. A 

third peak was observed at 277.9 in the collagen film, which was thought to be due to 

the carbonization temperature of the sample. The 𝑇𝑐 value of the composite film is 

lower than sodium alginate film and collagen film. A low 𝑇𝑐 value was associated with 
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reduced weak bonds such as hydrogen bonding between the matrix and water 

molecules. With the addition of sodium alginate, the hydrophobic feature has been 

added to the collagen and the evaporation of water has been facilitated. With the 

addition of sodium alginate, the thermal properties of the composite film were 

improved.  

 

4.4. Results of TGA Analysis of Collagen, Collagen Film, 

Sodium Alginate Film, and Sodium Alginate Composite Film 

 

Sample's weight change analyzed with TGA device. The temperature was 

increased regularly in the range of 25 ℃ to 800 ℃ and the change in sample weights 

was observed. After the samples were placed in the instrument, the balance was put in 

place, the temperature was started to be increased and the changes in the weight were 

recorded accordingly. Phase transitions occur at points where the weight of the sample 

changes. 

The maximum decomposition (Tmax) and initial degradation (Tonset) temperatures 

for all of the samples recorded on the thermograms are shown in Table 3.1. 

 

Table 3.2: Initial degradation (Tonset) and maximum decomposition (Tmax) 

temperatures of the samples. 

 

Sample First thermal 

event (°C)  

Second thermal 

event (°C) 

Third thermal 

event (°C) 

Tonset Tmax Tonset Tmax Tonset Tmax 

Collagen 21 45.2 268.7 310.2 -- -- 

Sodium 

alginate film 

28.2 62.3 180.7 218.5 -- -- 

Collagen film 31.6 88.2 152.6 235.3 316.4 356.7 

Collagen and 

sodium alginate 

composite film 

22.5 46.7 120.8 175.4 247.7 290.4 
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Figure 4.9: TGA and DTGA curves of collagen. 

 

  As can be seen in the graph of the thermogram and its derivative in Figure 4.9, it 

formed a peak corresponding to 10% of the total mass at approximately 32.9 °C, due 

to the loss of water and residue in the collagen. According to Correia et al., mass 

changes up to 200°C occur in relation to the different forms of interaction that water 

enters with the collagen structure [240]. This change is associated with the triple helix 

structure of collagen and through hydrogen interactions between water and protein 

chains. The next degradation step occurred between 240°C and 500°C ((Tonset =268 

°C). Mass loss in this range was associated with degradation of collagen and 

consequent loss of amino acids. Collagen derived from Dicentrarchus labrax scale had 

good thermal stability at temperatures under 200°C, as shown in Figure 4.9.  

  Figure 4.10 shows the mass loss through thermal decomposition of different film 

forms and their associated derivatives. 
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Figure 4.10: TGA and DTGA curves of (a) sodium alginate film (b) collagen film 

(c) collagen and sodium alginate composite film. 

 

   As can be seen in the thermogram and their derivative in Figure 4.10(a), two 

different thermal events occurred in the sodium alginate film. The first thermal event 

occurred before 100°C, which was associated with the release of water from the film 

[235]. The second thermal event resulted from the decomposition of the sodium 

alginate components [241]. As seen in Table 3.1, the Tonset and Tmax for the sodium 

alginate film were 214.37 and 226.51 °C, respectively. These results are consistent 

with the results of the study by Aloui et al. [235].  

  As can be seen in the thermogram and their derivative in Figure 4.10(b), three 

different thermal events occurred in the collagen film. First stage weight loss (WL1 = 

18.9%) in the collagen film was observed at the initial temperature (Tonset) of 31.6 °C, 

and this stage was associated with water loss from the film [240]. The second stage 

weight loss (48%) occurred at the initial temperature of 152.6 °C (Tonset). Weight loss 

at this stage was associated with structurally bound water loss, as well as glycerol used 

as a plasticizer and smaller proteins in the compound. The weight loss (15.7%) that 

developed in the third stage was observed at the initial temperature of 316.4 °C. 
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According to Tian et al., between 300°C and 500°C, mass loss due to protein 

degradation occurs due to the release of nitrogen as ammonia and the formation of 

amino carbon residues [242].  

  As can be seen in the thermogram curve in Figure 4.10(c), the first thermal event 

occurred at the initial temperature (Tonset) of 22.5 °C (10.19% of weight loss), which 

was associated with the release of water from the collagen and sodium alginate 

composite film [122]. The second thermal event occurred in (Tonset) of 120.8 °C 

(25.28% of weight loss), resulted from the decomposition of the sodium alginate 

components [130]. The third thermal event occurred in (Tonset) of 247.7°C (25% of 

weight loss), resulted from the degradation of collagen and consequent loss of amino 

acids. These results are consistent with the results of the study by Aloui et al. [235]. 

The next degradation steps occurred between 290°C and 600°C. Mass loss in this range 

was associated with degradation of collagen and consequent loss of high molecular 

weight of amino acids. At the final stage of thermal degradation, there was a weight 

loss of 18.3% of the collagen and sodium alginate composite film. 

As a result of the composite film obtained by adding collagen to sodium alginate, the 

Tonset and Tmax values of sodium alginate films (Table 1) increased. This behavior can 

be attributed to the increased extent of hydrogen bonding between collagen and sodium 

alginate. Furthermore, the collagen load increased the mean mass loss rate of the 

sodium alginate films (Fig. 3a); this suggests that the addition of collagen contributes 

to the integrity of the films at lower temperatures. 

 

4.5. Results of XRD Analysis of Collagen, Collagen Film, 

Sodium Alginate Film, and Sodium Alginate Composite Film 

 

XRD analysis was performed to obtain information about the crystal structures 

of the collagen, collagen film, sodium alginate film, and sodium alginate composite 

film. Thus, the atomic and molecular order in the sample could be examined. First, the 

samples were placed and fixed in the sample holder included in the instrument; After 

adjusting the measurement parameters such as angle of incidence and X-ray source, 

scanning was performed.  

The diffraction profile of all films was similar with XRD peaks in the 2θ 

(3°<2θ<40°) range.  
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Figure 4.11: XRD pattern of collagen. 

 

Collagen from fish scale first gave a peak around 2θ = 6° indicating the distance 

between molecular chains, then a peak at 2θ = 27° and third at 2θ = 32° the peak 

characteristic of the triple helix structure of collagen was seen. The small peak shown 

in position 2θ = 29° matches the triple helix structure's usual unit height [243]. These 

collagen-specific peaks paralleled the study by Nishihara et al., confirming the triple 

helical structure of collagen [244].  

The diffraction profile of all film types was similar with XRD peaks in the 2θ 

(10°<2θ<80°) range.  
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Figure 4.12: XRD pattern of collagen film, sodium aginate film, collagen and 

sodium alginate composite film types. 

 

The sodium alginate films presented semi-crystalline structures, predominantly 

amorphous, as seen in Figure 4.12. The sodium alginate films' XRD spectra revealed 

a narrow diffraction peak at 2θ = 21°, which demonstrated to low crystallinity and 

amorphous scatter [245].  

The collagen film demonstrated diffraction peaks at 2θ = 21° and 2θ = 29.6°. 

The two diffraction peaks that were discovered matched up with collagen's distinctive 

peaks [246]. The nature of the collagen component caused the broad peak at 2θ = 21° 

to have an amorphous distribution. The triple helix structure's usual unit height is 

represented by the modest peak at 2θ = 29.6° [243].  

The disappearance of the small peak of collagen film at 2θ = 29.6° in the 

composite film formed after sodium alginate is added to the collagen means that the 

triple helix structure of the collagen is partially disrupted during dissolution. 

Collagen film, sodium aginate and composite film also had a similar spectrum. 

However, there was an increase in the density of the crystal peaks of the composite 

film obtained by adding sodium alginate to collagen. In sodium alginate to collagen 

composite films, the diffraction peak increased due to collagen. This showed that the 

molecular interaction between sodium alginate and collagen was established. This 

suggests that the interaction between sodium alginate and collagen promotes the 

structural organization that increases sodium alginate crystallinity. The results were 
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parallel to the results achieved in the study conducted by Fabia et al. [247]. The 

molecular interaction between between sodium alginate and collagen was also 

confirmed by the shift in vibrations of the functional groups found in the films 

observed in the FTIR spectrum (Figure 4.2.). It can also be associated with the increase 

in thermal stability with the addition of collagen to sodium alginate. 
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5. CONCLUSION 
 

  In this thesis study, collagen was successfully extracted from Dicentrarchus 

labrax scales and collagen film, sodium alginate film, sodium alginate and collagen 

composite film were successfully developed. The triple helix structure of the collagen 

isolated from Dicentrarchus labrax was confirmed by the ratio of absorption densities 

between the 1250 cm-1 (Amid III) and 1448 cm-1 bands, which was approximately 

equal to 1.0. FTIR spectra of different types of films demonstrated characteristic peaks 

of amides I, II and III, amide A and B. For collagen and sodium alginate composite 

film, the asymmetrical COO stretch and OH stretch shift to a lower wave number (from 

3290 cm-1 to 3284 cm-1). The shift of the wave number to a lower value is due to the 

presence of hydrogen bonds in collagen and sodium alginate. Apart from this, it was 

observed that there was no other bond. The triple helix structure of collagen was 

confirmed by the XRD analysis. The two diffraction peaks were found to correspond 

to two distinct collagen peaks. In addition, the XRD analysis results of the composite 

film consisting of sodium alginate and collagen confirmed the FTIR analysis data and 

showed that it interacted with molecules based on the increase in crystallinity. The 

resulting collagen exhibited a fibril structure. EDS analysis was performed to 

investigate the penetration of sodium alginate into collagen and the results confirmed 

the presence of sodium alginate and collagen-related elements in composite films. Its 

stability at temperatures below 200°C was demonstrated by the thermal analysis. 

It was feasible to conclude that this product, obtained by successfully 

transforming collagen from fish scale into composite film with sodium alginate, may 

be an important candidate for use in wound healing applications. According to the 

findings of the studies, it has the potential to be an excellent future alternative to 

collagen that is utilized in the commercial sector in terms of the generation of a natural 

source and the evaluation of waste. To improve the composition and incorporation of 

additional bioactive components in the composite film, more study is still required. 

Clinical trials and long-term researches are required to evaluate the film's efficacy, 

safety, and compatibility with the human body. 

 

 

 



 

67 

REFERENCES 

 

 

[1] Vu H. M., (2023), “Sleep disorders among patients suffering from road traffic 

injuries in an urban setting of Vietnam: an exploratory study”, Scientific 

Reports, 13 (1), 11496. 

[2] Hakkoymaz H., Gedik M. S., Kilci A. İ., (2023), “Predictors of mortality in 

patients with geriatric trauma in the emergency service”, Journal of Brazilian 

Medical Association, 69 (7), 20230035. 

[3] Kuhlmann M., (2019), “Wound healing characteristics of a novel wound 

healing ointment in an abrasive wound model: A randomised, intra-individual 

clinical investigation”, Wound Medicine, 24 (1), 24–32. 

[4] Daunton C., Kothari S., Smith L., Steele D., (2012), “A history of materials and 

practices for wound management”, Wound Practice and Research, 20 (4), 174–

186. 

[5] Boran R., Ugur A., Sarac N., (2018), “Investigation of Hyaluronidase, 

Collagenase and Elastase Inhibitory Potentials and Comparative Evaluation of 

the Antimicrobial, Antioxidant and Homeostatic Activities of Two Natural 

Polysaccharides”, Süleyman Demirel Üniversitesi Fen Bilimleri Enstitüsü 

Dergisi, 22 (3), 1182–1189. 

[6] Mirhaj M., Labbaf S., Tavakoli M., Seifalian A. M., (2022), “Emerging 

treatment strategies in wound care”, International Wound Journal, 19 (7), 1934–

1954. 

[7] Sood A., Granick M. S., Tomaselli N.L., (2014), “Wound Dressings and 

Comparative Effectiveness Data”, Advances in Wound Care, 3 (8), 511–529. 

[8] Alba M. D., Cota A., Osuna F. J., Pavón E., Perdigón A. C., Raffin F., (2019), 

“Bionanocomposites based on chitosan intercalation in designed swelling high-

charged micas”, Scientific Report, 9 (1), 1–9. 

[9] Martineau L., Shek P. N., (2006), “Evaluation of a bi-layer wound dressing for 

burn care: I. Cooling and wound healing properties”, Burns, 32 (1), 70–76. 

[10] Pei J., (2023), “A Comprehensive Review on Bio-Based Materials for Chronic 

Diabetic Wounds”, Molecules, 28 (2), 1–20. 

[11] Friess W., (1998), “Collagen - Biomaterial for drug delivery”, European Journal 

of Pharmaceutics and Biopharmaceutics, 45 (2), 113–136. 

[12] Henriksen K., Karsdal M. A., (2016), “Type I Collagen Structure, Synthes”, 

Biochem. Collagens, Laminins Elastin Struct. Funct. Biomarkers, 352 (7), 189-

210. 

[13] Gelse K., Pöschl E., Aigner T., (2003), “Collagens - Structure, function, and 



 

68 

biosynthesis”, Advanced Drug Delivery Reviews, 55 (12), 1531–1546. 

[14] Barbu A., Neamtu B., Zăhan M., Iancu G.M., Bacila C., Mireșan V., (2021), 

“Current trends in advanced alginate-based wound dressings for chronic 

wounds”, Journal of Personalized Medicine, 11 (9), 890 . 

[15] Yadav P., Yadav H., Shah V. G., Shah G., Dhaka G., (2015), “Biomedical 

biopolymers, their origin and evolution in biomedical sciences: A systematic 

review”, Journal of Clinical and Diagnostic Research, 9 (9), 21–25. 

[16] Aderibigbe B. A., Buyana B., (2018), “Alginate in wound dressings”, 

Pharmaceutics, 10 (2), 42. 

[17] Reinke J. M., Sorg H., (2012), “Wound repair and regeneration,” European 

Surgical Research, 49 (1), 35–43. 

[18] Rinnerthaler M., Streubel M.K., Bischof J., Richter K., (2015), “Skin aging, 

gene expression and calcium”, Experimental Gerontology , 68, 59–65. 

[19] Slominski A., Tobin D. J., Shibahara S., Wortsman J., (2004), “Melanin 

pigmentation in mammalian skin and its hormonal regulation”, Physiological 

Reviews, 84 (4), 1155–1228. 

[20] Tavakoli S., Klar A.S., (2020), “Advanced hydrogels as wound dressings”, 

Biomolecules, 10 (8), 1–20. 

[21] Bos J. D., Meinardi M. M. H. M., (2000), “The 500 Dalton rule for the skin 

penetration of chemical compounds and drugs Bos JD, Meinardi MMHM. The 

500 Dalton rule for the skin penetration”, Experimental Dermatology, 9 (5), 

165–169. 

[22] Rawlings A. V., (2006), “Ethnic skin types: Are there differences in skin 

structure and function?”, International Journal of Cosmetic Science, 28 (2), 79–

93. 

[23] Id H. A. L., (2021), “Skin lipids : Their origin and function", Recent Research 

Developments in Lipids, 3, 43–62. 

[24] Langton A. K., Herrick S. E., Headon D. J., (2008), “An extended epidermal 

response heals cutaneous wounds in the absence of a hair follicle stem cell 

contribution”, Journal of Investigative Dermatology, 128 (5), 1311–1318. 

[25] Botchkarev V. A., (2001), “Noggin is required for induction of the hair follicle 

growth phase in postnatal skin”, The FASEB Journal, 15 (12), 2205–2214. 

[26] Liu Z., Wu H., Huang S., (2021), “Role of NGF and its receptors in wound 

healing”, Experimental and Therapeutic Medicine, 21 (6), 1–9. 

[27] Denda M., Tsuchiya T., Elias P. M., Feingold K. R., (2000), “Stress alters 

cutaneous permeability barrier homeostasis”, American Journal of Physiology-

Regulatory, Integrative and Comparative Physiology, 278 (2), 367–372. 



 

69 

[28] Liu Z., (2019), “p75 neurotrophin receptor regulates NGF-induced 

myofibroblast differentiation and collagen synthesis through MRTF-A”, 

Experimental Cell Research, 383, (1), 1–10. 

[29] Generini S., Tuveri M. A., Matucci Cerinic M., Mastinu F., Manni L., Aloe L., 

(2004), “Topical application of nerve growth factor in human diabetic foot 

ulcers. A study of three cases”, Experimental and Clinical Endocrinology & 

Diabetes, 112 (9), 542–544. 

[30] Zhang M., (2018), “The role of TrkA in the promoting wounding–healing effect 

of CD271 on epidermal stem cells”, Archives of Dermatological Research , 310 

(9), 737–750. 

[31] Lgr B., (2010), “Skin regeneration and repair”, Nature, 464, 687–689,  

[32] Bradshaw R. A., Pundavela J., Biarc J., Chalkley R. J., Burlingame A. L., 

Hondermarck H., (2015), “NGF and ProNGF: Regulation of neuronal and 

neoplastic responses through receptor signaling”, Advances in Biological 

Regulation, 58, 16–27. 

[33] Bandyopadhyay D., Mandal M., Adam L., Mendelsohn J., Kumar R., (1998), 

“Physical interaction between epidermal growth factor receptor and DNA- 

dependent protein kinase in mammalian cells”, Journal of Chemical Society, 

273 (3), 1568–1573. 

[34] Li S., Renick P., Senkowsky J., Nair A., Tang L., (2021), “Diagnostics for 

Wound Infections”, Advances in Wound Care, 10 (6), 317–327. 

[35]   Bellingeri A., Falciani F., Traspedini P., Moscatelli A., Russo A, Tino G., Chiari 

P., Peghetti A., (2016), “Effect of a Wound Cleansing Solution on Wound Bed 

Preparation and Inflammation in Chronic Wounds: A Single-Blind RCT.”, 

Journal of Wound Care, 160 (3), 162-168. 

[36] Robson M. C., (2001), “Wound healing: biologic features and approaches to 

maximum healing trajectories”, Current Problems in Surgery , 38 (2), 72–141. 

[37] Alonso J. E., Lee J., Burgess A. R., Browner B. D., (1996), “The management 

of complex orthopedic injuries”, Surgical Clinics of North America, 76 (4), 

879–903. 

[38] Lazarus G. S., (1994), “Definitions and guidelines for assessment of wounds 

and evaluation of healing”, Wound Repair and Regeneration, 2 (3), 165–170. 

[39] Labler L., Mica L., Härter L., Trentz O., Keel M., (2006), “Einfluss der 

V.A.C.®-therapie auf zytokine und wachstumsfaktoren in traumatischen 

wunden”, Zentralblatt fur Chirurgie, 131 (1), 62-67. 

[40] Stadelmann W. K., Digenis A. G., Tobin G. R., (1998), “Physiology and healing 

dynamics of chronic cutaneous wounds”, The American Journal of Surgery, 176 

(2), 26S-38S. 

[41] Singh S., Young A., McNaught C. E., (2017), “The physiology of wound 



 

70 

healing”, Surgery in the United Kingdom, 35 (9), 473–477. 

[42] Strecker-McGraw M. K., Jones T. R., Baer D. G., (2007), “Soft Tissue Wounds 

and Principles of Healing”, Emergency Medicine Clinics of North America , 25 

(1), 1–22. 

[43] Monika P., Chandraprabha M. N., Rangarajan A., Waiker P. V., Chidambara 

Murthy K. N., (2022), “Challenges in Healing Wound: Role of Complementary 

and Alternative Medicine”, Frontiers in Nutrition , 8, 1–13. 

[44] Guo S., DiPietro L. A., (2010), “Critical review in oral biology & medicine: 

Factors affecting wound healing”, Journal of Dental Research, 89 (3), 219–229. 

[45] Weber S. A., McGahan M. M., Kaufmann C., Biswas S., (2020), “Suspension 

Trauma: A Clinical Review”, Cureus, 12 (6), 6–13. 

[46] Lee C., Porter K. M., (2007), “Suspension trauma”, Emerg. Med. J., 24 (4), 

237–238. 

[47] Frykberg R. G., Banks J., (2015), “Challenges in the Treatment of Chronic 

Wounds”, Advances in Wound Care, 4 (9), 560–582. 

[48] Anisuzzaman D. M., Patel Y., Rostami B., Niezgoda J., Gopalakrishnan S., Yu 

Z., (2022), “Multi-modal wound classification using wound image and location 

by deep neural network”, Scientific Report, 12 (1), 1–20. 

[49] Bernstein J. D., Bracken D. J., Abeles S. R., Orosco R. K., Weissbrod P. A., 

(2022), “Surgical wound classification in otolaryngology: A state-of-the-art 

review”, World Journal of Otorhinolaryngology – Head & Neck Surgery 

(WJOHNS), 8 (2), 139–144. 

[50] Joeris A., (2019), “The impact of the AO Foundation on fracture care: An 

evaluation of 60 years AO Foundation”, Injury, 50 (11), 1868–1875. 

[51] Wijetunge D. B., (1994), “Management of acute and traumatic wounds: Main 

aspects of care in adults and children”, The American Journal of Surgery, 167 

(1), 56–60. 

[52] Prevaldi C., (2016), “Management of traumatic wounds in the Emergency 

Department: Position paper from the Academy of Emergency Medicine and 

Care (AcEMC) and the World Society of Emergency Surgery (WSES)”, World 

Journal of Emergency Surgery, 11 (1), 1–6. 

[53] Demidova-Rice T. N., Hamblin M. R., Herman I. M., (2012), “Acute and 

impaired wound healing: Pathophysiology and current methods for drug 

delivery, part 1: Normal and Chronic Wounds: Biology, Causes and 

Approaches to Care”, Advances in Skin & Wound Care, 25 (8), 349–370. 

[54] Szycher M., Lee S. J., (1992), “Modern Wound Dressings: A Systematic 

Approach to Wound Healing”, Journal of Biomaterials Applications , 7 (2), 

142–213. 



 

71 

[55] Dissemond J., (2014), “Modern wound care - Practical aspects of non-

interventional topical treatment of patients with chronic wounds”, Journal of the 

German Society of Dermatology , 12 (7), 541–554. 

[56] Degreef H. J., (1998), “How to heal a wound fast”, Dermatologic Clinics, 16 

(2), 365–375. 

[57] Iqbal A., Jan A., Wajid M. A., Tariq S., (2017), “Management of Chronic Non-

healing Wounds by Hirudotherapy.”, World Journal of Plastic Surgery, 6 (1), 

9–17. 

[58] Anna L. R., Nuria F., Gema S. R., Kate W., (2017), “Time of chronic wound 

healing, as part of a prevalence and incidence study”, Enfermeria Global, 46, 

454–463. 

[59] Yusuf M., (2017), “Yara iyileşmesinin hücresel ve moleküler mekanizması”, 

SDÜ Tıp Fakültesi Dergisi, 23 (4), 140–146. 

[60] Ferreira M. C., Tuma P., Carvalho V. F., Kamamoto F., (2006), “Complex 

wounds”, Clinics, 61 (6), 571–578. 

[61] Attinger C. E., Janis C. E., Steinberg J., Schwartz J., Al-Attar A., Couch K., 

(2006), “Clinical approach to wounds: Débridement and wound bed preparation 

including the use of dressings and wound-healing adjuvants”, Plastic and 

Reconstructive Surgery, 117 (7), 72–109. 

[62] Slavkovic M., (2023), “Comparison of Negative Pressure Wound Therapy 

(NPWT) and Classical Wet to Moist Dressing (WtM) in the Treatment of 

Complicated Extremity Wounds in Children”, Children, 10 (2), 298. 

[63] Stalick L., (2004), “Managing and caring for a patient with a complicated 

wound”, British Journal of Nursing, 13 (18), 1107–1109. 

[64] Childs D. R., Murthy A.S., (2017) “Overview of Wound Healing and Manage 

ment Wound Healing Management Skin Soft tissue injuries”, Surgical Clinics 

of North America, 97, 189–207. 

[65] Reed D. A., Diekwisch T. G. H., (2014), "Morphogenesis and Wound Healing 

in the Periodontium". Elsevier Inc., 45 (1), 445-458. 

[66] Komi D. E. A., Khomtchouk K., Santa Maria P. L., (2020), “A Review of the 

Contribution of Mast Cells in Wound Healing: Involved Molecular and Cellular 

Mechanisms”, Clinical Reviews in Allergy & Immunology, 58 (3), 298–312. 

[67] Broughton G., Janis J. E., Attinger C. E., (2006), “The basic science of wound 

healing”, Plastic and Reconstructive Surgery, 117 (7), 12–34. 

[68] Diegelmann R. F., Evans M. C., (2004), “Departments of Biochemistry, 

Anatomy, Emergency Medicine and Virginia Commonwealth University, 

Richmond Virginia”, Frontiers in Bioscience, 4, 283–289. 

[69] Sharma S., Kale T. P., Balihallimath L. J., Motimath A., (2017), “Evaluating 



 

72 

effectiveness of Axiostat Hemostatic Material in achieving hemostasis and 

healing of extraction wounds in patients on oral antiplatelet drugs”, The Journal 

of Contemporary Dental Practice, 18 (9), 802–806. 

[70] Velnar T., Bailey T., Smrkolj V., (2009), “The wound healing process: An 

overview of the cellular and molecular mechanisms”, Journal of International 

Medical Research, 37 (5), 1528–1542. 

[71] Warrell D. A., (2019), “Venomous Bites, Stings, and Poisoning: An Update”, 

Infectious Disease Clinics of North America , 33 (1), 17–38. 

[72] Kooistra T., Bosma P. J., Jespersen J., Kluft C., (1990), “Studies on the 

mechanism of action of oral contraceptives with regard to fibrinolytic 

variables”, American Journal of Obstetrics & Gynecology, 163 (1), 404–413. 

[73] Rodrigues M., Kosaric N., Bonham C. A., Gurtner G. C., (2019), “Wound 

healing: A cellular perspective”, Physiological Reviews, 99 (1), 665–706. 

[74] Claxton M. J., Armstrong D. G., Boulton A. J. M., (2002), “Healing the diabetic 

wound and keeping it healed: modalities for the early 21st century.”, Current 

Diabetes Reports , 2 (6), 510–518. 

[75] Toy L. W., (2005) “Matrix metalloproteinases: their function in tissue repair”, 

Journal of Wound Care, 14 (1), 2-20. 

[76] Larson B. J., Longaker M. T., Lorenz H. P., (2010), “Scarless fetal wound 

healing: A basic science review”, Plastic and Reconstructive Surgery, 126 (4), 

1172–1180. 

[77] Hart J., (2002), “Inflammation. 2: Its role in the healing of chronic wounds”, 

Journal of Wound Care, 11 (7), 245–249. 

[78] Mustoe T. A., Shaughnessy K. O’, Kloeters O., (2006), “Chronic wound 

pathogenesis and current treatment strategies: A unifying hypothesis”, Plastic 

and Reconstructive Surgery, 117 (7), 35–41. 

[79] Petkovic M., Vangmouritzen M., Mojsoska B., Jenssen H., (2021), 

“Immunomodulatory properties of host defence peptides in skin wound 

healing”, Biomolecules, 11 (7). 

[80] Eming S. A., Krieg T., Davidson J. M., (2007), “Inflammation in wound repair: 

Molecular and cellular mechanisms”, Journal of Investigative Dermatology, 

127 (3), 514–525. 

[81] Sinno H., Prakash S., (2013), “Complements and the Wound Healing Cascade: 

An Updated Review”, Plastic Surgery International, 2013, 1–7. 

[82] El-zayat S. R., Sibaii H., (2019), “Toll-like receptors activation, signaling, and 

targeting: an overview”, Cytokine., 74 (2), 181-9. 

[83] Ben Slimane E., Sadok S., (2018), “Collagen from cartilaginous fish by-

products for a potential application in bioactive film composite”, Marine Drugs 



 

73 

, 16 (6). 

[84] Sorg H., Tilkorn D. J., Hager S., Hauser J., Mirastschijski U., (2017), “Skin 

Wound Healing: An Update on the Current Knowledge and Concepts”, 

European Surgical Research, 58 (1–2), 81–94. 

[85] Broughton G., Janis J. E., Attinger C. E., (2006), “Wound healing: An 

overview”, Plastic and Reconstructive Surgery, 117 (7), 1–32. 

[86] Ishfaq B., Khan I. U., Khalid S. H., Asghar S., (2023), “Design and evaluation 

of sodium alginate-based hydrogel dressings containing Betula utilis extract for 

cutaneous wound healing”, Frontiers in Bioengineering and Biotechnology, 11 

(January), 1–11. 

[87] Bajpai S. K., Pathak V., Soni B., (2015), “Minocycline-loaded cellulose nano 

whiskers/poly(sodium acrylate) composite hydrogel films as wound dressing”, 

International Journal of Biological Macromolecules, 79, 76–85. 

[88] Goldman R., (2004), “Growth factors and chronic wound healing: past, present, 

and future”, Advances in Skin & Wound Care, 17 (1), 24–35. 

[89] Guo X., Huang S., Sun J., Wang F., (2015), “Comparison of the Cytotoxicities 

and Wound Healing Effects of Hyaluronan, Carbomer, and Alginate on Skin 

Cells in Vitro”, Advances in Skin & Wound Care, 28 (9), 410–414. 

[90] Perini J. A., Angeli-Gamba T., Alessandra-Perini J., Ferreira L. C., Nasciutti L. 

E., Machado D. E., (2015), “Topical application of Acheflan on rat skin injury 

accelerates wound healing: A histopathological, immunohistochemical and 

biochemical study”, BMC Complementary Medicine and Therapies, 15 (1), 1–

8. 

[91] Koga A. Y., (2020), “Evaluation of wound healing effect of alginate film 

containing aloe vera gel and cross-linked with zinc chloride”, Acta Cirúrgica 

Brasileira, 35 (5), 1–11. 

[92] Ramasastry S. S., (2005), “Acute wounds”, Clinics in Plastic Surgery, 32 (2), 

195–208. 

[93] Witte M. B., Barbul A., (1997), “General principles of wound healing”, Surgical 

Clinics of North America, 77 (3), 509–528. 

[94] Lyle S., Moore N., (2011), “Quiescent, slow-cycling stem cell populations in 

cancer: A review of the evidence and discussion of significance”, Journal of 

Oncology, 2011:396076. 

[95] Gonzalez A. C. D. O., Andrade Z. D. A., Costa T. F., Medrado A. R. A. P., 

(2016), “Wound healing - A literature review”, Anais Brasileiros de 

Dermatologia, 91 (5), 614–620. 

[96] Okonkwo U. A., Dipietro L. A., (2017), “Diabetes and wound angiogenesis”, 

International Journal of Molecular Sciences Sci., 18 (7), 1–15. 



 

74 

[97] Berry D. B., Sullins K. E., (2003), “Effects of topical application of 

antimicrobials and bandaging on healing and granulation tissue formation in 

wounds of the distal aspect of the limbs in horses”, American Journal of 

Veterinary Research , 64 (1), 88–92. 

[98] Klaus T., Takano S., Winnewisser G., (1997), “Wound repair and regeneration: 

Mechanisms, signaling, and translation”, Astronomy & Astrophysics, 322 (2), 

1–36. 

[99] Wilmink J. M., Van Weeren P. R., (2005), “Second-intention repair in the horse 

and pony and management of exuberant granulation tissue”, Veterinary Clinics 

of North America: Equine Practice, 21 (1), 15–32. 

[100] Baum C. L., Arpey C. J., (2005), “Normal cutaneous wound healing: Clinical 

correlation with cellular and molecular events”, Dermatologic Surgery, 31 (6), 

674–686. 

[101] Clark R. A. F., (1993), “Regulation of fibroplasia in cutaneous wound repair”, 

The American Journal of the Medical Sciences, 306 (1), 42–48. 

[102] Tonnesen M. G., Feng X., Clark R. A., (2000), “Angiogenesis in Wound 

Healing (Supplement)”, Contemporary Surgery, 5 (1), 40–46. 

[103] Clark R. A. F., DellaPelle P., Manseau E., Lanigan J. M., Dvorak H. F., Colvin 

R. B., (1982), “Blood vessel fibronectin increases in conjunction with 

endothelial cell proliferation and capillary ingrowth during wound healing”, 

Journal of Investigative Dermatology, 79 (5), 269–276. 

[104] Detmar K. P. C. M., Brown L. F., Berse B., Jackman R. W., Elicker B. M., 

Dvorak H. F., (1997), “Hypoxia regulates the expression of vascular 

permeability factor/vascular endothelial growth factor (VPF/VEGF) and its 

receptors in human skin”, The Journal of Investigative Dermatology;108 (3), 

263-8. 

[105] Pierce G. F., Vande Berg J., Rudolph R., Tarpley J., Mustoe T. A., (1991), 

“Platelet-derived growth factor-BB and transforming growth factor beta1 

selectively modulate glycosaminoglycans, collagen, and myofibroblasts in 

excisional wounds”, The American Journal of Pathology, 138 (3), 629–646. 

[106] Folkman J, Klagsbrun M., (1963), “Angiogenic Factors Angiogenic Heparin-

Binding Endothelial”, The International Journal of Biochemistry & Cell 

Biology, 6, 2–7. 

[107] English D., (1999), “Phosphate and Stabilization of Endothelial Monolayer 

Barrier”, Journal of Hematotherapy & Stem Cell Research, 634, 627–634. 

[108] Phillips S. H.,  (2000), “Physiology of Wound Healing and Surgical Wound 

Care”, Journal of American Society for Artificial Internal Organs, 46 (6), 2–5. 

[109]  Mañes S., Mira E., Gómez-Moutón C., Lacalle R. A., Martínez-A C., (2000), 

“Cells on the move: A dialogue between polarization and motility”, IUBMB 

Life, 49 (2), 89–96. 



 

75 

[110] Hsu S., Thakar R., Li S., (2007), “Haptotaxis of endothelial cell migration under 

flow”, Methods in Molecular Medicine, 139, 237–250. 

[111] Grotendorst G. R., Soma Y., Takehara K., Charette M., (1989), “EGF and TGF‐

alpha are potent chemoattractants for endothelial cells and EGF‐like peptides 

are present at sites of tissue regeneration”, Journal of Cellular Physiology, 139 

(3), 617–623. 

[112] Li S., Huang N. F., Hsu S., (2005), “Mechanotransduction in endothelial cell 

migration”, Journal of Cellular Biochemistry, 96 (6), 1110–1126. 

[113] Krizbai I. A., (2000), “Growth factor-induced morphological, physiological and 

molecular characteristics in cerebral endothelial cells”, European Journal of 

Cell Biology, 79 (9), 594–600. 

[114] Holly S. P., Larson M. K., Parise L. V., (2000), “Multiple roles of integrins in 

cell motility”, Experimental Cell Research, 261 (1), 69–74. 

[115] Moon J. J., Matsumoto M., Patel S., Lee L., Guan J. L., Li S., (2005), “Role of 

cell surface heparan sulfate proteoglycans in endothelial cell migration and 

mechanotransduction”, Journal of Cellular Physiology, 203 (1), 166–176. 

[116] Giannone G., (2007), “Lamellipodial Actin Mechanically Links Myosin 

Activity with Adhesion-Site Formation”, Cell, 128 (3), 561–575. 

[117] I. M. Herman, “Molecular mechanisms regulating the vascular endothelial cell 

motile response to injury”, Journal of Cardiovascular Pharmacology , 4, 25-36. 

[118] Bökel C., Brown N. H., (2002), “Integrins in development: Moving on, 

responding to, and sticking to the extracellular matrix”, Developmental Cell , 3 

(3), 311–321. 

[119] Into M., (1980), “Migration Into an In Vitro Experimental”, The American 

Journal of Pathology, 271–282. 

[120] Plum S. M., Vu H. A., Mercer B., Fogler W. E., Fortier A. H., (2004), 

“Generation of a Specific Immunological Response to FGF-2 Does Not Affect 

Wound Healing or Reproduction”, Immunopharmacology and 

Immunotoxicology, 26 (1) 29–41. 

[121] Xue M., Jackson C. J., (2015), “Extracellular Matrix Reorganization During 

Wound Healing and Its Impact on Abnormal Scarring”, Advances in Wound 

Care, 4 (3), 119–136. 

[122] Mathew-steiner S. S., Roy S. S., Sen C. K., (1969),  “Collagen in wound 

healing”, Injury, 1 (1), 76. 

[123] Zha S., Utomo Y. K. S., Yang L., Liang G., Liu W., (2022), “Mechanic-Driven 

Biodegradable Polyglycolic Acid/Silk Fibroin Nanofibrous Scaffolds 

Containing Deferoxamine Accelerate Diabetic Wound Healing”, 

Pharmaceutics, 14 (3), 15–16. 



 

76 

[124] Xu P., Deng B., Zhang B., Luo Q., Song G., (2021), “Stretch-induced 

tenomodulin expression promotes tenocyte migration via F-actin and chromatin 

remodeling”, International Journal of Molecular Sciences, 22 (9), 4928. 

[125] Sun L., (2018), “Enhanced wound healing in diabetic rats by nanofibrous 

scaffolds mimicking the basketweave pattern of collagen fibrils in native skin”, 

Biomaterials Science, 6 (2), 340–349. 

[126] Ahmed R., (2018), “Novel electrospun chitosan/polyvinyl alcohol/zinc oxide 

nanofibrous mats with antibacterial and antioxidant properties for diabetic 

wound healing”, International Journal of Biological Macromolecules, 120, 385–

393. 

[127] Makita-Chingombe F., Kutscher H. L., DiTursi S. L., Morse G. D., Maponga 

C. C., (2016), “Poly(lactic-co-glycolic) Acid-Chitosan Dual Loaded 

Nanoparticles for Antiretroviral Nanoformulations”, Journal of Drug Delivery 

, 2016, 1–10. 

[128] Shen J., Lee K., Choi S., Qu W., Wang Y., Burgess D. J., (2016), “A 

reproducible accelerated in vitro release testing method for PLGA 

microspheres”, International Journal of Pharmaceutics, 498 (1–2), 274–282. 

[129] Rajabi M., McConnell M., Cabral J., Ali M. A., (2021), “Chitosan hydrogels in 

3D printing for biomedical applications”, Carbohydrate Polymers, 260 

(January), 117768. 

[130] Badran M. M., Alomrani A. H., Harisa G. I., Ashour A. E., Kumar A., Yassin 

A. E., (2018), “Novel docetaxel chitosan-coated PLGA/PCL nanoparticles with 

magnified cytotoxicity and bioavailability”, Biomedicine & Pharmacotherapy , 

106 (July), 1461–1468. 

[131] Moeini A., Pedram P., Makvandi P., Malinconico M., Gomez d’Ayala G., 

(2020), “Wound healing and antimicrobial effect of active secondary 

metabolites in chitosan-based wound dressings: A review”, Carbohydrate 

Polymers, 233 (January), 115839. 

[132] Ju J., (2022), “Punicalagin-Loaded Alginate/Chitosan-Gallol Hydrogels for 

Efficient Wound Repair and Hemostasis”, Polymers (Basel)., 14 (16), 1–13. 

[133] Rajabi M., Ali A., McConnell M., Cabral J., (2020), “Keratinous materials: 

Structures and functions in biomedical applications”, Materials Science and 

Engineering. C, 110 (January), 110612. 

[134] Konop M., Rybka M., Drapała A., (2021), “Keratin biomaterials in skin wound 

healing, an old player in modern medicine: A mini review”, Pharmaceutics, 13 

(12). 

[135] Su S., (2021), “Coaxial and emulsion electrospinning of extracted hyaluronic 

acid and keratin based nanofibers for wound healing applications”, European 

Polymer Journal, 142, 110158. 

[136] Gadelkarim M., Abushouk A. I., Ghanem E., Hamaad A. M., Saad A. M., 



 

77 

Abdel-Daim M. M., (2018), “Adipose-derived stem cells: Effectiveness and 

advances in delivery in diabetic wound healing”, Biomedicine & 

Pharmacotherapy , 107 (August), 625–633. 

[137] Akhmetova A., Heinz A., (2021), “Electrospinning Proteins for Wound Healing 

Purposes: Opportunities and Challenges”, Pharmaceutics, 13 (1), 4. 

[138] Biranje S., Madiwale P., Adivarekar R. V., (2019), “Porous electrospun 

Casein/PVA nanofibrous mat for its potential application as wound dressing 

material”, Journal of Porous Materials , 26 (1), 29–40. 

[139] Selvaraj S., Thangam R., Fathima N. N., (2018), “Electrospinning of casein 

nanofibers with silver nanoparticles for potential biomedical applications”, 

International Journal of Biological Macromolecules, 120, 1674–1681. 

[140] Horue M., Silva J. M., Berti I. R., Brandão L. R., Barud H. da S., Castro G. R., 

(2023), “Bacterial Cellulose-Based Materials as Dressings for Wound Healing”, 

Pharmaceutics, 15 (2), 1–26. 

[141] Vigani B., Rossi S., Sandri G., Bonferoni M. C., Caramella C. M., Ferrari F., 

(2019), “Hyaluronic acid and chitosan-based nanosystems: a new dressing 

generation for wound care”, Expert Opinion on Drug Delivery, 16 (7), 715–740. 

[142] Catanzano O., (2015), “Alginate-hyaluronan composite hydrogels accelerate 

wound healing process”, Carbohydrate Polymers, 131, 407–414. 

[143] El-Aassar M. R., Ibrahim O. M., Fouda M. M. G., El-Beheri N. G., Agwa M. 

M., (2020), “Wound healing of nanofiber comprising 

Polygalacturonic/Hyaluronic acid embedded silver nanoparticles: In-vitro and 

in-vivo studies”, Carbohydrate Polymers, 238 (March),  116175. 

[144] Eskandarinia A., (2020), “A propolis enriched polyurethane-hyaluronic acid 

nanofibrous wound dressing with remarkable antibacterial and wound healing 

activities”, International Journal of Biological Macromolecules, 149, 467–476. 

[145] Sogawa H., Ifuku N., Numata K., (2019), “3,4-Dihydroxyphenylalanine 

(DOPA)-Containing Silk Fibroin: Its Enzymatic Synthesis and Adhesion 

Properties”, ACS Biomaterials Science & Engineering, 5 (11), 5644–5651. 

[146] Farokhi M., (2018), “Silk fibroin/hydroxyapatite composites for bone tissue 

engineering”, Biotechnology Advances, 36 (1), 68–91. 

[147] Gholipourmalekabadi M., Sapru S., Samadikuchaksaraei A., Reis R. L., Kaplan 

D. L., Kundu S. C., (2020), “Silk fibroin for skin injury repair: Where do things 

stand?”, Advanced Drug Delivery Reviews, 153, 28–53. 

[148] Hajikhani M., Emam-Djomeh Z., Askari G., (2021), “Fabrication and 

characterization of mucoadhesive bioplastic patch via coaxial polylactic acid 

(PLA) based electrospun nanofibers with antimicrobial and wound healing 

application”, International Journal of Biological Macromolecules, 172, 143–

153. 



 

78 

[149] Khalid A., (2020), “Electrospun Nanodiamond-Silk Fibroin Membranes: A 

Multifunctional Platform for Biosensing and Wound-Healing Applications”, 

ACS Applied Materials & Interfaces, 12 (43), 48408–48419. 

[150] Pacheco M. S., Kano G. E., Paulo L. de A., Lopes P. S., Moraes M. A., (2020), 

“Silk fibroin/chitosan/alginate multilayer membranes as a system for controlled 

drug release in wound healing”, International Journal of Biological 

Macromolecules, 152, 803–811. 

[151] Ata O., Tavman S., (2019), “Kolajen Ekstraksı̇yon Yöntemlerı̇nı̇n 

Karşilaştirilmasi”, Journal of Food Science, 44, 383–395. 

[152] Ricard-Blum S., (2011), “The Collagen Family”, Cold Spring Harbor 

Perspectives in Biology, 3 (1), 1–19. 

[153] Fleischmajer R., Douglas MacDonald E., Perlish J. S., Burgeson R. E., Fisher 

L. W., (1990), “Dermal collagen fibrils are hybrids of type I and type III 

collagen molecules”, Journal of Structural Biology, 105 (1–3), 162–169. 

[154] Mayne R., (1989), “Cartilage collagens. What Is Their Function, and Are They 

Involved in Articular Disease?”, Arthritis & Rheumatology, 32 (3), 241–246. 

[155] Tang J., Saito T., (2015), “Biocompatibility of Novel Type i Collagen Purified 

from Tilapia Fish Scale: An in Vitro Comparative Study”, BioMed Research 

International, 2015. 

[156] Jokinen J., (2004), “Integrin-mediated cell adhesion to type I collagen fibrils”, 

Journal of Chemical Society, 279 (30), 31956–31963. 

[157] Timpl R., Glanville R. W., Nowack H., Wiedemann H., Fietzek P. P., Kühn K., 

(1975),  “Isolation, Chemical and Electron Microscopical Characterization of 

Neutral-Salt-Soluble Type III Collagen and Procollagen from Fetal Bovine 

Skin”, Hoppe-Seyler´s Zeitschrift für physiologische Chemie, 356 (2), 1783–

1792. 

[158] Raspanti M., Viola M., Sonaggere M., Tira M. E., Tenni R., (2007), “Collagen 

fibril structure is affected by collagen concentration and decorin”, 

Biomacromolecules, 8 (7), 2087–2091. 

[159] Snowden J. M. K., Swann D. A., (1980), “Effects of glycosaminoglycans and 

proteoglycan on the in vitro assembly and thermal stability of collagen fibrils”, 

Biopolymers, 19 (4), 767–780. 

[160] Schreiner K. E., (1983), “Age dependent influence of strain rate on the tensile 

failure of rat tail tendon”, Journal of Biomechanical Engineering, 105 (3), 296–

299. 

[161] Zeugolis D. I., Lareu B. Li, R. R., Chan C. K., Raghunath M., (2008), “Collagen 

solubility testing, a quality assurance step for reproducible electro-spun nano-

fibre fabrication. A technical note”, Journal of Biomaterials Science, 19 (10), 

1307–1317. 



 

79 

[162] Oslan S. N. H., Li C. X., Shapawi R., Mokhtar R. A. M., Noordin W. N. M., 

Huda N., (2022), “Extraction and Characterization of Bioactive Fish By-

Product Collagen as Promising for Potential Wound Healing Agent in 

Pharmaceutical Applications: Current Trend and Future Perspective”, 

International Journal of Food Science, 2022. 

[163] Sugiura H., Yunoki S., Kondo E., Ikoma T., Tanaka J., Yasuda K., (2009), “In 

vivo biological responses and bioresorption of tilapia scale collagen as a 

potential biomaterial”, Journal of Biomaterials Science, 20 (10), 1353–1368. 

[164] Caruso G., (2015), “Fishery Wastes and By-products: A Resource to Be 

Valorised”, Journal of Fisheriessciences, 9 (4), 080–083. 

[165] Karim A. A., Bhat R., (2009), “Fish gelatin: properties, challenges, and 

prospects as an alternative to mammalian gelatins”, Food Hydrocolloids, 23 (3), 

563–576. 

[166] Ma L., Gao C., Mao Z., Zhou J., Shen J., (2004), “Enhanced biological stability 

of collagen porous scaffolds by using amino acids as novel cross-linking 

bridges”, Biomaterials, 25 (15), 2997–3004. 

[167] Morishige H., (2011), “Immunostimulatory effects of collagen from jellyfish in 

vivo”, Cytotechnology, 63 (5), 481–492. 

[168] Song E., Yeon Kim S., Chun T., Byun H. J., Lee Y. M., (2006), “Collagen 

scaffolds derived from a marine source and their biocompatibility”, 

Biomaterials, 27 (15), 2951–2961. 

[169] Rajabimashhadi Z., Gallo N., Salvatore L., Lionetto F., (2023), “Collagen 

Derived from Fish Industry Waste: Progresses and Challenges”, Polymers 

(Basel), 15 (3). 

[170] Jafari H., (2020), “Fish collagen: Extraction, characterization, and applications 

for biomaterials engineering”, Polymers (Basel), 12 (10), 1–37. 

[171] Cumming M. H., Hall B., Hofman K., (2019), “Isolation and characterisation of 

major and minor collagens from hyaline cartilage of hoki (Macruronus 

novaezelandiae)”, Marine Drugs, 17 (4). 

[172] Metin C., Baygar T., (2018), “Denizel Kaynaklardan Elde Edilen Biyoaktif 

Maddeler ve Kozmetik Alanında Kullanımı”, Süleyman Demirel Üniversitesi 

Eğirdir Su Ürünleri Fakültesi Dergisi, 14 (4), 339–350. 

[173] Chinh N. T., (2019), “Characterization of collagen derived from tropical 

freshwater carp fish scale wastes and its amino acid sequence”, Natural Product 

Communications, 14 (7). 

[174] Sionkowska A., Kozłowska J., (2017), “Fish scales as a biocomposite of 

collagen and calcium salts”, Key Engineering Materials, 587 (July), 185–190. 

[175] Liu H., Huang K., (2016), “Structural Characteristics of Extracted Collagen 

from Tilapia (Oreochromis mossambicus) Bone: Effects of 



 

80 

Ethylenediaminetetraacetic Acid Solution and Hydrochloric Acid Treatment”, 

International Journal of Food Properties, 19 (1), 63–75. 

[176] Wijaya H., Putriani S., Safithri M., Tarman K., (2020), “Isolation and 

Allergenicity of Protein Collagen from Parang-Parang Fish Skin (Cirocentrus 

dorab)”, IOP Conference Series: Earth and Environmental Science, 411 (1). 

[177] Govindharaj M., Roopavath U. K., Rath S. N., (2019), “Valorization of 

discarded Marine Eel fish skin for collagen extraction as a 3D printable blue 

biomaterial for tissue engineering”, Journal of Cleaner Production, 230, 412–

419. 

[178] Veeruraj A., Arumugam M. Balasubramanian T., (2013), “Isolation and 

characterization of thermostable collagen from the marine eel-fish (Evenchelys 

macrura)”, Process Biochemistry, 48 (10), 1592–1602. 

[179] Ahmed R., Getachew A. T., Cho Y. J., Chun B. S., (2018), “Application of 

bacterial collagenolytic proteases for the extraction of type I collagen from the 

skin of bigeye tuna (Thunnus obesus)”, Lebensmittel-Wissenschaft & 

Technologie, 89, 44–51. 

[180] Sousa R. O., (2020), “Collagen from Atlantic cod (Gadus morhua) skins 

extracted using CO2 acidified water with potential application in healthcare”, 

Journal of Polymer Research, 27 (3). 

[181] Afzali M., Boateng J. S., (2022), “Composite Fish Collagen-Hyaluronate Based 

Lyophilized Scaffolds Modified with Sodium Alginate for Potential Treatment 

of Chronic Wounds”, Polymers (Basel)., 14 (8). 

[182] Zhou T., Sui B., Mo X., Sun J., (2017), “Multifunctional and biomimetic fish 

collagen/bioactive glass nanofibers: Fabrication, antibacterial activity and 

inducing skin regeneration in vitro and in vivo”, International Journal of 

Nanomedicine, 12, 3495–3507. 

[183] Duan R., Zhang J., Du X., Yao X., Konno K., (2009), “Properties of collagen 

from skin, scale and bone of carp (Cyprinus carpio)”, Food Chemistry, 112 (3), 

702–706. 

[184] Yunoki S., Suzuki T., Takai M., (2003), “Stabilization of Low Denaturation 

Temperature Collagen from Fish by Physical Cross-Linking Methods”, Journal 

of Bioscience and Bioengineering, 96 (6), 575–577. 

[185] Chen Y., Dan N., Wang L., Liu X., Dan W., (2016), “Study on the cross-linking 

effect of a natural derived oxidized chitosan oligosaccharide on the porcine 

acellular dermal matrix”, RSC Advances , 6 (44), 38052–38063. 

[186] Ramli L., Natsir H., Dali S., Danial S., (2019), “Collagen Extraction from Bone 

of Lutjanus sp. and Toxicity Assay”, Jurnal Akta Kimia Indonesia (Indonesia 

Chimica Acta), 12 (1), 67. 

[187] Kontominas M. G., Badeka A. V., Kosma I. S., Nathanailides C. I., (2021), 

“Innovative seafood preservation technologies: Recent developments”, 



 

81 

Animals, 11 (1), 1–40. 

[188] Wang W., (2010), “Development of an injectable chitosan/marine collagen 

composite gel”, Biomedical Materials, 5 (6). 

[189] Jeevithan E., Bao B., Bu Y., Zhou Y., Zhao Q., Wu W., (2014), “Type II 

collagen and gelatin from silvertip shark (Carcharhinus albimarginatus) 

cartilage: Isolation, purification, physicochemical and antioxidant properties”, 

Marine Drugs , 12 (7), 3852–3873. 

[190] Bin Luo Q., Chi C. F., Yang F., Zhao Y. Q., Wang B., (2018), “Physicochemical 

properties of acid- and pepsin-soluble collagens from the cartilage of Siberian 

sturgeon”, Environmental Science and Pollution Research, 25 (31), 31427–

31438. 

[191] Qin X., Coyne K. J., Waite J. H., (1997), “Tough Tendons”, Journal of 

Chemical Society, 272 (51), 32623–32627. 

[192]  Carvalho A. M., Marques A. P., Silva T. H., Reis R. L., (2018), “Evaluation of 

the potential of collagen from codfish skin as a biomaterial for biomedical 

applications”, Marine Drugs , 16 (12), 1–14. 

[193] Van De Water L., Varney S., Tomasek J. J., (2013), “Mechanoregulation of the 

Myofibroblast in Wound Contraction, Scarring, and Fibrosis: Opportunities for 

New Therapeutic Intervention”, Advances in Wound Care, 2 (4), 122–141. 

[194] Liang Q., Wang L., Sun W., Wang Z., Xu J., Ma H., (2014), “Isolation and 

characterization of collagen from the cartilage of Amur sturgeon (Acipenser 

schrenckii)”, Process Biochemistry, 49 (2), 318–323. 

[195] Shalaby M., Agwa M., Saeed H., Khedr S. M., Morsy O., El-Demellawy M. A., 

(2020), “Fish Scale Collagen Preparation, Characterization and Its Application 

in Wound Healing”, Journal of Polymers and the Environment, 28 (1), 166–

178. 

[196] Elbialy Z. I., (2020), “Collagen extract obtained from Nile tilapia (Oreochromis 

niloticus L.) skin accelerates wound healing in rat model via up regulating 

VEGF, bFGF, and α-SMA genes expression”, BMC Veterinary Research, 16 

(1), 352. 

[197] Ge B., (2021), “Comprehensive Assessment of Nile Tilapia Skin”, Marine 

Drugs, 18, 178–194. 

[198] Lee K. Y., Mooney D. J., (2012), “Alginate: Properties and biomedical 

applications”, Progress in Polymer Science, 37 (1), 106–126. 

[199] Dhivya S., Padma V. V., Santhini E., (2015), “Wound dressings - A review”, 

BioMed, 5 (4), 24–28. 

[200] Liakos I., Rizzello L., Scurr D. J., Pompa P. P., Bayer I. S., Athanassiou A., 

(2014), “All-natural composite wound dressing films of essential oils 

encapsulated in sodium alginate with antimicrobial properties”, International 



 

82 

Journal of Pharmaceutics, 463 (2), 137–145. 

[201] Pereira R., Carvalho A., Vaz D. C., Gil M. H., Mendes A., Bártolo P., (2013), 

“Development of novel alginate based hydrogel films for wound healing 

applications”, International Journal of Biological Macromolecules, 52 (1), 221–

230. 

[202] Boateng P., Catanzano O., (2015), “Advanced Therapeutic Dressings for 

Effective Wound Healing - A Review”, Journal of Pharmaceutical Sciences, 

104 (11), 3653–3680. 

[203] Yang Z., Peng H., Wang W., Liu T., (2010), “Crystallization behavior of poly(ε-

caprolactone)/layered double hydroxide nanocomposites”, Journal of Applied 

Polymer Science, 116 (5), 2658–2667. 

[204] Chen T., (2018), “Ultratough, Self-Healing, and Tissue-Adhesive Hydrogel for 

Wound Dressing”, ACS Applied Materials & Interfaces, 10 (39), 33523–33531. 

[205] Loureiro dos Santos L. A., (2017), “Natural Polymeric Biomaterials: Processing 

and Properties”, Materials Science and Materials Engineering, September 2016, 

1–6. 

[206] Yang K., (2018), “Antimicrobial hydrogels: Promising materials for medical 

application”, International Journal of Nanomedicine, 13, 2217–2263. 

[207] Siddique H. R., Saleem M., (2011), “Beneficial health effects of lupeol 

triterpene: A review of preclinical studies”, Life Sciences, 88 (7–8), 285–293. 

[208] Pant J., Pedaparthi S., Hopkins S. P., Goudie M. J., Douglass M. E., Handa H., 

(2019), “Antibacterial and Cellular Response Toward a Gasotransmitter-Based 

Hybrid Wound Dressing”, ACS Biomaterials Science & Engineering, 5 (8), 

4002–4012. 

[209] Alven S., Peter S., Mbese Z., Aderibigbe B. A., (2022), “Polymer-Based Wound 

Dressing Materials Loaded with Bioactive Agents: Potential Materials for the 

Treatment of Diabetic Wounds”, Polymers (Basel)., 14 (4). 

[210] Wiegand C., Heinze T., Hipler U. C., (2009), “Comparative in vitro study on 

cytotoxicity, antimicrobial activity, and binding capacity for pathophysiological 

factors in chronic wounds of alginate and silver-containing alginate”, Wound 

Repair and Regeneration, 17 (4), 511–521. 

[211] Liu J., Willför S., Xu C., (2015), “A review of bioactive plant polysaccharides: 

Biological activities, functionalization, and biomedical applications”, Bioactive 

Carbohydrates and Dietary Fibre, 5 (1), 31–61. 

[212] Kumar P. M., Ghosh A., (2017), “Development and evaluation of silver 

sulfadiazine loaded microsponge based gel for partial thickness (second degree) 

burn wounds”, European Journal of Pharmaceutical Sciences, 96, 243–254. 

[213] Feng X., (2020), “Preparation of aminated fish scale collagen and oxidized 

sodium alginate hybrid hydrogel for enhanced full-thickness wound healing”, 



 

83 

International Journal of Biological Macromolecules, 164, 626–637. 

[214] Li S., Li, L., Guo C., Qin H., Yu X., (2017), “A promising wound dressing 

material with excellent cytocompatibility and proangiogenesis action for wound 

healing: Strontium loaded Silk fibroin/Sodium alginate (SF/SA) blend films”, 

International Journal of Biological Macromolecules, 104, 969–978. 

[215] Liu T., Dan W., Dan N., Liu X., Peng X., (2017), “A novel grapheme oxide-

modified collagen-chitosan bio-film for controlled growth factor release in 

wound healing applications”, Materials Science and Engineering. C, 77, 202–

211. 

[216] Rezvanian M., Mohd Amin M. C. I., Ng S. F., (2016), “Development and 

physicochemical characterization of alginate composite film loaded with 

simvastatin as a potential wound dressing”, Carbohydrate Polymers, 137, 295–

304. 

[217] Dantas M. D. M., (2020), “Improvement of dermal burn healing by combining 

sodium alginate/chitosan- based films and low level laser therapy”, Journal of 

Photochemistry and Photobiology B: Biology, 105 (1), 51–59. 

[218] Sharma S., Sanpui P., Chattopadhyay A., Ghosh S. S., (2019), “Fabrication of 

antibacterial silver nanoparticle - Sodium alginate-chitosan composite films”, 

RSC Advances , 2 (13), 5837–5843. 

[219] El-Rashidy A. A., Gad A., Abu-Hussein A. E. H. G., Habib S. I., Badr N. A., 

Hashem A. A., (2015), “Chemical and biological evaluation of Egyptian Nile 

Tilapia (Oreochromis niloticas) fish scale collagen”, International Journal of 

Biological Macromolecules, 79, 618–626. 

[220] Purna Sai K., Babu M., (2001), “Studies on Rana tigerina skin collagen”, 

Comparative Biochemistry and Physiology, 128 (1), 81–90. 

[221] Abe Y., Krimm S., (1972), “Normal vibrations of polyglycine II”, Biopolymers, 

11 (9), 1841–1853. 

[222] Payne K. J., Veis A., (1988), “Fourier transform ir spectroscopy of collagen and 

gelatin solutions: Deconvolution of the amide I band for conformational 

studies”, Biopolymers, 27 (11),  1749–1760. 

[223] Jackson M., Choo L. P., Watson P. H., Halliday W. C., Mantsch H. H., (1995), 

“Beware of connective tissue proteins: Assignment and implications of collagen 

absorptions in infrared spectra of human tissues”, Biochimica et Biophysica 

Acta (BBA) - Molecular Basis of Disease, 1270 (1), 1–6. 

[224] Pati F., Adhikari B., Dhara S., (2010), “Isolation and characterization of fish 

scale collagen of higher thermal stability”, Bioresource Technology , 101 (10), 

3737–3742. 

[225] Muyonga J. H., Cole C. G. B., Duodu K. G., (2004), “Fourier transform infrared 

(FTIR) spectroscopic study of acid soluble collagen and gelatin from skins and 

bones of young and adult Nile perch (Lates niloticus)”, Food Chemistry, 86 (3), 



 

84 

325–332. 

[226] Marangoni Júnior L., Rodrigues P. R., da Silva R. G., Vieira R. P., Alves R. M. 

V., (2021), “Sustainable Packaging Films Composed of Sodium Alginate and 

Hydrolyzed Collagen: Preparation and Characterization”, Food and Bioprocess 

Technology , 14 (12), 2336–2346. 

[227] Pereira R., Tojeira A., Vaz D. C., Mendes, A., Bártolo P., (2011), “Preparation 

and characterization of films based on alginate and aloe vera”, International 

Journal of Polymer Analysis and Characterization, 16 (7), 449–464. 

[228] Santos N. L., Ragazzo G. de O., Cerri B. C., Soares M. R., Kieckbusch T. G., 

Silva M. A., (2020), “Physicochemical properties of konjac 

glucomannan/alginate films enriched with sugarcane vinasse intended for 

mulching applications”, International Journal of Biological Macromolecules, 

165, 1717–1726. 

[229] Belbachir K., Noreen R., Gouspillou G., Petibois C., (2009), “Collagen types 

analysis and differentiation by FTIR spectroscopy”, Analytical and 

Bioanalytical Chemistry , 395 (3), 829–837. 

[230] Bi X., Li G., Doty S. B., Camacho N. P., (2005), “A novel method for 

determination of collagen orientation in cartilage by Fourier transform infrared 

imaging spectroscopy (FT-IRIS)”, Osteoarthritis and Cartilage , 13 (12), 1050–

1058. 

[231] Camacho N. P., West P., Torzilli P. A., Mendelsohn R., (2001), “FTIR 

microscopic imaging of collagen and proteoglycan in bovine cartilage”, 

Biopolymers , 62 (1), 1–8. 

[232] Guo W., Leu W. T., Hsiao S. H., (2007), “Synthesis and properties of ortho-

linked aromatic poly(ester-amide)s and poly(ester-imide)s bearing 2,3-

bis(benzoyloxy)naphthalene units”, Journal of Polymer Research, 14 (5), 359–

372. 

[233] Sinthusamran S., Benjakul S., Kishimura H., (2013), “Comparative study on 

molecular characteristics of acid soluble collagens from skin and swim bladder 

of seabass (Lates calcarifer)”, Food Chemistry, 138 (4), 2435–2441. 

[234] Nagai T., Izumi M., Ishii M., (2004), “Fish scale collagen. Preparation and 

partial characterization”, International Journal of Food Science & Technology, 

39 (3), 239–244. 

[235] Aloui H., Deshmukh A. R., Khomlaem C., Kim B. S., (2021), “Novel composite 

films based on sodium alginate and gallnut extract with enhanced antioxidant, 

antimicrobial, barrier and mechanical properties”, Food Hydrocolloids, 113, 

106508. 

[236] Ostadazadeh A., Hekmati A. H., Ghazisaeidi R., Rashidi A., Eskandarnejad S., 

(2020), “Study on the physical and mechanical properties of pure and olive oil-

doped alginate filaments”, The Journal of The Textile Institute, 111 (10), 1454–

1461. 



 

85 

[237] Wang Z., Hu S., Wang Z., (2017), “Scale-Up Preparation and Characterization 

of Collagen/Sodium Alginate Blend Films”, Journal of Food Quality , 2017. 

[238] Capella-Monsonís H., Coentro J. Q., Graceffa V., Wu Z., Zeugolis D. I., (2018), 

“An experimental toolbox for characterization of mammalian collagen type i in 

biological specimens”, Nature Protocols, 13 (3), 507–529. 

[239] Wang W., Zhang Y., Ye R., Zhao W., (2016), “Physicochemical characteristics 

and gelation properties of collagen superfine powder from swine skin: The 

effects of preheating treatment”, International Journal of Food Science & 

Technology, 51 (5), 1291–1297. 

[240] Correia D. M., Padrão J., Rodrigues L. R., Dourado F., Lanceros-Méndez S., 

Sencadas V., (2013), “Thermal and hydrolytic degradation of electrospun fish 

gelatin membranes”, Polymer Testing , 32 (5), 995–1000. 

[241] Liu S., Li Y., Li L., (2017), “Enhanced stability and mechanical strength of 

sodium alginate composite films”, Carbohydrate Polymers, 160, 62–70. 

[242] Tian Y., Zhang J., Zuo W., Chen L., Cui Y., Tan T., (2013), “Nitrogen 

conversion in relation to NH3 and HCN during microwave pyrolysis of sewage 

sludge”, Environmental Science & Technology , 47 (7), 3498–3505. 

[243] Giraud-Guille M. M., Besseau L., Chopin C., Durand P., Herbage D., (2000), 

“Structural aspects of fish skin collagen which forms ordered arrays via liquid 

crystalline states”, Biomaterials, 21 (9), 899–906. 

[244] Nishihara T., Doty P., (1952), “The Sonic Fragmentation of Collagen 

Macromolecules”, The Biological Bulletin , 11 (11), 345. 

[245] Bhagyaraj S., Krupa I., (2020), “Alginate-mediated synthesis of hetero-shaped 

silver nanoparticles and their hydrogen peroxide sensing ability”, Molecules, 25 

(3). 

[246] Meng Z., Zheng X., Tang K., Liu J., Ma Z., Zhao Q., (2012), “Dissolution and 

regeneration of collagen fibers using ionic liquid”, International Journal of 

Biological Macromolecules, 51 (4), 440–448. 

[247] Fabia J., Ślusarczyk C., Gawłowski A., (2005), “Supermolecular structure of 

alginate fibres for medical applications studied by means of WAXS and SAXS 

methods”, Fibres & Textiles in Eastern Europe, 13 (5), 114–117. 

 

 

 

 

 

 

 



 

86 

BIOGRAPHY 

 

 

Melike Keskin graduated from the Department of Biomedical Engineering, in 

the Faculty of Engineering and Architecture, at İzmir Katip Çelebi University with a 

B.Sc. degree in 2020. Following her graduation, she started working in the quality 

assurance department of a consultancy firm that provides services for CE certification, 

system certification and testing of medical devices. She still continues to work here. 

As of fall 2020, she started her master's degree in Nanoscience and Nanoengineering 

at Gebze Technical University, Institute of Nanotechnology. 

 

 

 


	HJH
	9-FR-0116 YL Jüri Onay Formu R1 (1)
	HJH
	1. INTRODUCTION
	1.2. Wound
	1.2.1. Type of Wounds
	1.2.1.1. Acute Wounds
	1.2.1.2.  Chronic Wounds
	1.2.1.3.  Complex Wounds

	1.3. Process of Wound Healing
	1.3.4. Remodelling Phase


	3. MATERIALS and METHOD
	3.1. Materials and Devices
	3.2. Methods
	3.2.1. Preparation and Demineralization of Fish Scales for Extraction
	3.2.2. Extraction of Pepsin-Soluble Collagen from Fish Scales
	3.2.3. Preparation of Fish Scale-Derived Collagen and Sodium Alginate Composite Film
	3.2.4. Characterization of Fish Scale-Derived Collagen Film, Sodium Alginate Film and Fish Scale-Derived Collagen and Sodium Alginate Composite Film
	3.2.4.1. Fourier-Transform Infrared Spectroscopy (FTIR) Analysis of of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film
	3.2.4.2. Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS) Analysis of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film
	3.2.4.3. Differential Scanning Calorimetry (DSC) Analysis of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film
	3.2.4.4. Thermogravimetric Analysis (TGA) Analysis of of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film
	3.2.4.5. X-Ray Diffraction (XRD) Analysis of of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film

	4.1. Results of FTIR Analysis of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film
	4.2. Results of SEM-EDS Analysis of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film
	4.3. Results of DSC Analysis of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film
	4.4. Results of TGA Analysis of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film
	4.5. Results of XRD Analysis of Collagen, Collagen Film, Sodium Alginate Film, and Sodium Alginate Composite Film



