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ABSTRACT 

Gelatin membranes for wound care  

Wounds can have significant influence on individuals and it can affect health and 

quality of life. Three different types of gelatin, porcine skin (PSG), cold water fish skin 

(FSG) and Atlantic cod skin gelatin (ac-FSG), were used to make gelatin membranes 

to test their potential for use in wound care. Two plasticizers, mannitol, and sorbitol 

were used in three different concentrations to improve properties of the membranes. 

The results indicated that mannitol was not a suitable plasticizer. While sorbitol showed 

plasticizer effect on the membranes particularly for the highest concentration. 

 The effect of adding two cross-linker, ferulic acid, and tannic acid, in three 

different concentrations was tested. Ferulic acid didn’t appear to have much cross-

linking effect. Tannic acid seemed to have more cross-linking effect. Addition of tannic 

acid to ac-FSG membrane reduced the solubility of ac-FSG membranes. The ac-FSG 

and FSG membranes that did not contain tannic acid dissolved after 24 hours in PBS 

at room temperature.  

 Drug release experiment for two drugs, diclofenac and levofloxacin, was done 

for gelatin membranes without additives and with 0.1 gram of cross-linkers. ac-FSG 

membranes showed the fastest diclofenac release for both cross-linkers. While FSG 

membrane showed the fastest release for membranes without additives. Drug release 

time was shorter for FSG and ac-FSG membranes than for PSG membranes, except 

for the ac-FSG membrane with tannic acid where the release time was similar to PSG 

membranes.  

 Levofloxacin membranes released the drug faster than the diclofenac 

membranes. The release time for PSG membrane with ferulic acid was the shortest 

while the release time was longest for PSG membrane with tannic acid. The FSG and 

PSG membranes without additives had a similar release of levofloxacin.  

Antimicrobial activity test showed that PSG and FSG membranes with 

levofloxacin without additives had antibacterial activity against Staphylococcus aureus 

and Escherichia coli. 
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ÁGRIP 

Gelatín himnur til sárameðhöndlunar 

Sár geta haft mikil áhrif á einstaklinga bæði á heilsu og lífsgæði þeirra. Þrjár 

mismunandi gerðir af gelatíni, úr svínahúð (PSG), úr kaldvatns-fiskroði (FSG) og úr 

íslensku þorskroði (ac-FSG) voru notaðar til að búa til gelatín himnur sem voru 

rannsakaðar með tilliti til mögulegrar notkunar í sárameðhöndlun. Tvö þjálniefni (e. 

plasticizer), mannitól og sorbitól, voru notuð í þremur mismunandi styrkleikum til að 

bæta eiginleika himnanna. Niðurstöðurnar gáfu til kynna að mannitól væri ekki 

ákjósanlegt þjálniefni. Sorbitól bætti eiginleika himnanna og þá sérstaklega í hæsta 

styrk. 

 Áhrif þess að bæta tveimur krosstenglum (e. cross-linker), ferúlínsýru (e. ferulic 

acid) og sútunarsýru (e. tannic acid), í þremur mismunandi styrkleikum var einnig 

kannað. Ferúlínsýra virtist ekki hafa mikil krosstengla áhrif en sútunarsýra virtist hafa 

meiri áhrif. Viðbót af sútunarsýru í ac-FSG himnu dróg úr leysi ac-FSG himna. Allar 

aðrar ac-FSG og FSG himnur, leystust upp á sólahring í PBS við stofuhita.  

 Lyfjalosunar tilraunir voru gerðar fyrir tvö lyf, díklófenak og levofloxacin í 

himnum án viðbætts efnis og með 0,1 grammi af krosstengli. Mesta lyfjalosun 

díklófenaks fyrir báða krosstenglana var úr ac-FSG himnum. FSG himnur voru með 

mestu lyfjalosunina fyrir díklófenak fyrir himnur án viðbætts efnis. Lyfjalosnuartíminn 

var mismunandi milli himna. Fyrir ac-FSG og FSG himnur var hann almennt styttri en 

hjá PSG himnum fyrir utan ac-FSG himnu með sútunarsýru þar sem lyfjalosunartíminn 

var svipaður. 

 Hraði lyfjalosunar var hærri fyrir himnur með levofoxacin en díklófenak. PSG 

himna með ferulínsýru var með mestu losun levofloxacins en PSG himna með 

sútunarsýru var með minnstu losunina. Svipuð losun af levofloxacini var fyrir FSG og 

PSG himnur án viðbætts efnis. Örverupróf var gert fyrir PSG og FSG himnur með 

levofloxacini án viðbætts efnis. Himnurnar höfðu örverudrepandi virkni gegn 

Staphylococcus aureus og Escherichia coli. 
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LIST OF ABBREVIATIONS 
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1  INTRODUCTION 

1.1  Wounds 

A wound can be defined as a disruption in the continuity of the epithelial lining of the 

skin, mucosa or organ tissue resulting from a thermal or physical damage (Dhivya, 

Padma, & Santhini; Singh, Young, & McNaught, 2017). Wounds can have a significant 

influence on health and quality of life for the patient. There is significant cost associated 

with wound care. In Australia the cost has been estimated to be 2,85 billion US dollars 

each year, 3 billion pounds a year in the United Kingdom and over 25 billion US dollars 

in the United States of America each year (Gray et al.; Veith, Henderson, Spencer, 

Sligar, & Baker, 2018). Wounds are not all the same and that affects the cost of wound 

care. Their severity can be different as well as the time required for healing. Wounds 

that do not heal can be costly and have significant impact on the individual both 

physically and mentally. Wounds can reduce mobility, lead to localised infections, 

sepsis, limb amputation and even death (Veith et al., 2018).  

The disruption of the lining of the skin or mucosa can occur for many different 

reasons such as accidental cuts, injections, surgery, insect bites, trauma, etc. The 

wound healing process starts immediately after a disruption of the epithelial lining 

occurs (Demidova-Rice, Hamblin, & Herman). In normal wound healing there are four 

overlapping phases. Theses phases are coagulation and haemostasis phase, 

inflammation phase, proliferation phase and remodelling or scar formation phase 

(Demidova-Rice et al.; Dhivya et al.).   

 

1.1.1 Coagulation and haemostasis phase 

Once an injury occur a physiological process call haemostasis begins. Haemostasis is 

the process that stops the bleeding at the site of injury (Gale). While haemostasis stops 

the bleeding at its site of injury it maintains normal blood flow elsewhere in the 

circulation (Gale). The physiological process of haemostasis is tightly regulated. Under 

normal circumstances when no injury is present haemostasis should not occur. If an 

injury occur the haemostasis process is activated within seconds (Gale; Zaidi & 

Green).  

Platelets are important in haemostasis because they aggregate at the injury site 

once they are activated (Demidova-Rice et al.; Gale). Under normal circumstances 

platelets do not aggregate with each other or adhere to the surface of the blood vessels 
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(Batty & Smith; Gale). When injury occurs the platelets are exposed to subendothelial 

matrix which leads to activation and adhesion of the platelets (Gale). Once platelets 

are activated they adhere to the injury site and generate a platelet plug. This platelet 

plug is further stabilized by deposition of insoluble fibrin (Gale; Sira & Eyre). The fibrin 

used to stabilize the plug is made from soluble fibrinogen that is cleavaged by thrombin 

(Batty & Smith; Gale). Cleavage of thrombin generates insoluble fibrin that further 

stabilizes the plug at the injury site. Fibrin formation occurs at the same time as 

platelets aggregation. The formation of this plug prevents excessive bleeding as well 

as temporary protection at the injury site (Demidova-Rice et al.; Gale). 

Haemostasis can be affected by bleeding disorders or medications. An example 

of bleeding disorder is haemophilia. Haemophilia is due to defects in the haemostasis 

and can cause spontaneous bleeding in the internal organs or the brain (Bhardwaj, 

Rath, & Goyal; Gale). Medications can also effect haemostasis. The medication 

acetylsalicylic acid blocks platelet aggregation and the medication clopidogrel blocks 

platelet activation. Both of these medications are used for arterial thrombosis (Gale).     

 

1.1.2 Inflammation phase 

Fig. 1 shows when different inflammatory cells appaear in wound healing (Koh & 

DiPietro). In Fig. 1, four of the most prominent leukocytes are shown, lymphocytes, 

macrophages, neutrophils and mast cells (Koh & DiPietro). Mast cells release granules 

that are filled with enzymes, histamine and other active amines which are mediators 

(Saghazadeh et al.). These mediators cause surrounding vessels to the wound site to 

become leaky (Saghazadeh et al.). When the surrounding vessels become leaky it 

allows efficient movement of neutrophils to the injury site (Saghazadeh et al.). 
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Figure 1. Inflammatory cell present in wounds at different stages in wound healing (Koh & 
DiPietro). 

 

 Within minutes of an injury neutrophils adhere to the endothelium which marks 

the beginning of the inflammatory phase (Dhivya, Padma, & Santhini). Neutrophils can 

use phagocytosis to digest and destroy foreign particles, for example bacteria. They 

can also release a variety of toxic substances (Singh, Young, & McNaught). These 

toxic substances will destroy dead host tissue as well as bacteria. Neutrophils can also 

capture and kill bacteria in the extracellular space as well as attracting additional 

neutrophils and macrophages (Dhivya et al.; Singh et al.). Platelets also attract 

macrophages to the injury site by releasing chemical messengers. 

 Macrophages are important inflammatory cell in the healing process of wounds 

because they have many valuable elements. They phagocyte degraded wound debris 

as well as pathogenic organism. Macrophages also contain many growth factors such 

as transforming growth factor- beta (TGF-β) (Morton & Phillips; Singh et al.). The 

growth factors in macrophages have various effects such as stimulating angiogenesis. 

They are also important in regulations of immune response as well as enhancing the 

formation of granulation tissue (Singh et al.). 

The growth factor TGF-β has various functions in wound healing. TGF-β for 

example stimulates macrophages, is a chemotaxis, stimulates angiogenesis and has 

an effect on collagen deposition (Morton & Phillips; Singh et al.). Decreased levels of 

TGF-β ligands have been reported in chronic wounds which suggest that TGF-β is 

important in wound healing (Demidova-Rice, Hamblin, & Herman). Many clinical trials 
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have tried to use TGF-β to heal wounds that do not heal. However they have not shown 

success and it might be because the TGF-β signalling is extremely complex. Also 

because the TGF-β receptor density on cells in chronic wounds is decreased which 

affects the cells respond to TGF-β (Demidova-Rice et al.).   

About 72 hours after injury lymphocytes appear at the injury site. They are 

thought to be important in regulating wound healing through collagen remodelling 

(Singh et al.).  

 

1.1.3 Proliferative phase 

After haemostasis has been achieved and inflammatory phase has been balanced next 

phase of wound healing begins (Demidova-Rice, Hamblin, & Herman, 2012a; Singh et 

al., 2017). That phase is the proliferative phase. The proliferative phase is a complex 

process which simultaneously incorporates angiogenesis, collagen deposition, 

epithelialization, formulation of granulation tissue and wound retraction (Singh et al.).  

Angiogenesis is a physiological process in which new blood vessels are formed 

from pre-existing blood vessels (Guerra, Belinha, & Jorge). Angiogenesis is  important 

in wound healing because with angiogenesis normal blood flow is re-established to the 

injury site. The new blood vessels that are formed during angiogenesis are permeable. 

When blood vessels are permeable entry of inflammatory cells into the extracellular 

space at the injury site is easier than under normal circumstances. During haemostasis 

blood vessels around the injury site become more permeable to allow easier entry of 

inflammatory cells (Guerra et al., 2018; Singh et al., 2017) 

The haemostatic clot releases growth factors that stimulate fibroblasts to 

proliferate. Fibroblasts migrate to injury site after 48 to 72 hours after injury (Morton & 

Phillips, 2016; Singh et al., 2017). The clot is replaced by fibrous tissue at the injury 

site called granulation tissue. This tissue contains different range of collagen and 

fibroblast. The synthesis of collagen by fibroblast is an important component in 

providing strength to tissue (Singh et al.). Fibroblasts also produce additional structural 

proteins to collagen for example elastin, components of extracellular matrix, release 

proteases and inflammatory mediators (Morton & Phillips, 2016; Singh et al., 2017).  

Soon after injury occur epithelial cell migrate from the edges of the injury. This 

continues until a complete sheet of cells covers the wound and is attached to the matrix 

below (Singh et al., 2017). About seven days after injury occur the wound begins to 

contract. Cell bodies are pulled closer together by interaction between myosin and 
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actin (Singh et al., 2017). When the cell bodies are pulled closer together the wound 

begins to contract and the area of tissue needed to heal decreases. The contract of 

the wound leads to shortened scars (Singh et al., 2017).  

 

1.1.4 Remodelling or scar formation phase 

The fourth and last phase of wound healing is called remodelling or scar formation 

phase. This phase can range from weeks to years. In this phase normal epithelial cells 

are developed and maturing of scar tissue (Singh et al., 2017). Apoptosis of fibroblasts 

also occurs in this phase. The apoptosis of fibroblast cells leads to formation of 

relatively acellular scar tissue (Demidova-Rice et al., 2012a). The strength of the scar 

tissue is however not the same as before the injury because long term strength is about 

80% of the original strength (Demidova-Rice et al., 2012a; Morton & Phillips, 2016; 

Singh et al., 2017).  

 

1.1.5 Acute and chronic wounds 

Wounds can be classified into two different categories, acute wounds and chronic 

wounds. This classification is based on nature and healing process of the wounds 

(Dhivya et al.). Acute wounds are wound that are a result of an injury to the skin that 

occurs suddenly for example when an individual undergoes surgery or individual 

accidentally cuts himself on a knife while making dinner. These wounds normally heal 

within 8–12 weeks from the time of injury and follows the four phases of wound healing. 

The timeframe of healing of acute wounds depends on the depth and size of the wound 

as well as the damage to the epidermis and dermis layers of the skin (Dhivya et al.; 

Rosenbaum, Banerjee, Rezak, & Uhl). If acute wounds have not been healed after 8 

– 12 weeks then the wounds are called chronic wounds. Chronic wounds do not heal 

through normal phases of wound healing in a timely and ordinary manner (Frykberg & 

Banks). 

Chronic wounds do not go through the four phases of wound healing because 

the phases are disrupted. They often get stuck in the inflammatory phase and they are 

thought to exhibit pro-inflammatory state (Morton & Phillips, 2016; Saghazadeh et al., 

2018; Stojadinovic, Carlson, Schultz, Davis, & Elster, 2008). Chronic wounds also have 

elevated levels of inflammatory cytokines (Morton & Phillips, 2016). Chronic wounds 
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can be classified into vascular ulcers, pressure ulcers and diabetic ulcers (Demidova-

Rice et al., 2012a). 

Vascular ulcers can be further classified into arterial and venous ulcers. Venous 

ulcers are more common than arterial ulcers. Arterial ulcers occur due to arterial 

insufficiency caused by embolism or atherosclerosis that lead to ischemia and 

narrowing of arterial lumen (Demidova-Rice et al., 2012a). Venous ulcers are due to 

blood backflow which leads to increase in venous pressure (Demidova-Rice et al., 

2012a). The increased pressure has an effect on the wall of the vessels and changes 

the permeability which leads to leakage of plasma components out of the vein. 

Accumulation of plasma components can have negative effect on wound healing 

(Demidova-Rice et al., 2012a).   

Pressure ulcers are another type of chronic wounds. They result from prolonged 

unrelieved pressure which leads to localized tissue injury (Demidova-Rice et al., 

2012a; Morton & Phillips, 2016). Pressure ulcers are localized areas of tissue necrosis 

and they affect 1% to 5% of hospitalized patients (Morton & Phillips, 2016). 

Diabetic ulcers are chronic wounds in diabetic patients. The most common 

cause is ischemia and neuropathy and up to 50% of ulcers are neuroischemic or 

ischemic in origin (Morton & Phillips, 2016). Veith et al. state that diabetic ulcers are 

the most common cause for limb amputation in the United States of America (Veith, 

Henderson, Spencer, Sligar, & Baker, 2018). Due to increase in diabieties in 

industrialized countries diapetic neupathy and diabetic foot ulcers contribute to 50% of 

all chronic wounds (Paschou, Stamou, Vuagnat, Tentolouris, & Jude, 2018). 

 

1.1.6 Factors that influence wound healing 

Several factors influence wound healing and the time it takes. Table 1 lists examples 

of such factors along with their effects. 
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Table 1. Several factors that influence wound healing and their effects (Brown & Phillips; Chow 
& Barbul; Morton & Phillips; Rosenbaum et al.; Singh et al.).  

Factor  Effect 

Carbohydrates 
 Are important in collagen synthesis and as an energy 

source. 

Vitamins  The effect of vitamins differs from one vitamin to another. 

Minerals  The effects differ between minerals. 

Smoking 
 Smoking has negative effect on wound healing, for 

example it reduces fibroblast migration.      

Chronic medical condition  The effects are not the same for all medical conditions. 

Age 
 Older individuals have slower inflammatory, migratory 

and proliferation response. 

Infection  Can prolong wound healing. 

Medications 

 Many medications can have an effect on wound healing. 

Both to prolong wound healing and to reduce healing 

time.  

 

Nutrition is one important factor for that can influence wound healing because 

nutrients, such as carbohydrates, can influence wound healing. Carbohydrates are 

important for collagen synthesis as well as being the primary source of energy for the 

human body (Brown & Phillips). Several vitamins are important for wound healing such 

as vitamin A, C, D and E. Vitamin A is, for example involved in epidermal growth and 

participates in regulating glycoproteins. Vitamin C is, for example important in collagen 

formation (Brown & Phillips; Chow & Barbul). Minerals are also important in wound 

healing for example iron, zinc and copper (Rosenbaum et al., 2018; Singh et al., 2017). 

Iron is important in oxygen transportation and haemoglobin formation. A decrease in 

iron concentration leads to decreased wound tensile strength (Brown & Phillips).  

Table 1 lists smoking as a factor that influences wound healing. Smoking has 

negative effect on many elements involved in wound healing, for example reduces 

fibroblast migration, affects immune function and down regulates collagen synthesis 

(Morton & Phillips, 2016; Singh et al., 2017). 

Another factor listed in Table 1 that influences wound healing is a chronic 

medical condition. Examples of chronic medical conditions that can affect wound 

healing are endocrine disorder, diabetes, heart failure, cancer and 

immunosuppression (Morton & Phillips, 2016). Age is also a factor in wound healing. 

The epidermal layer is thinner and inflammatory, proliferation and migration responses 
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are slower in the elderly than in younger individuals (Singh et al.). The last two 

additional factors mentioned in Table 1 that influence wound healing are infection and 

medication.  

 

1.1.7 Wound infection 

All wounds can become contaminated by bacteria from surrounding skin or the local 

environment (Siddiqui & Bernstein). As time from injury increases, without wound 

healing, the microbial flora of the wound changes (Edwards & Harding). Shortly after 

injury the most likely organisms to be in wounds would be Gram-positive bacteria 

(Edwards & Harding). Siddiqui and Bernstein state that Staphyloccus aureus (S. 

aureus) and coagulase-negative staphylococci are the most common isolated 

organisms in chronic wounds (Siddiqui & Bernstein). Both S. aureus and coagulase-

negative staphylococci are Gram-positive bacteria (Sizar & Unakal). The longer the 

wound healing process takes other pathogen species can also colonize the wound and 

the colizing flora of wounds can change over time (Edwards & Harding; Siddiqui & 

Bernstein). If wound has not healed after a few months pathogens such as aerobic 

Gram-negative rods, for example Pseudomonas species and anaerobic species are 

more common (Edwards & Harding; Siddiqui & Bernstein). 

Though all wounds can be contaminated by bacteria it does not necessarily 

impede wound healing. Wound healing is considered to be impeded when bacterial 

load in the wound is greater than 105 organism/g of the tissue (Siddiqui & Bernstein). 

This threshold can be influenced by number of pathogen species or the immune 

system of the individual with the wound (Siddiqui & Bernstein). Wound infections differ 

and the pathogen responsible for the infection can differ based on where the wound 

infection is present. For diabetic foot ulcers, infection can be superficial or deep 

(Paschou et al.). Superficial diabetic foot ulcers are usually caused by Gram-positive 

cocci, such as S. aureus, but deep diabetic foot ulcers can be due to multiple 

organisms. For example, Gram-negative Enterobacteriaceae, Psudomonas and 

anaerobes (Paschou et al.).  

 

1.1.8 Medications that effect wound healing 

Many different medications can have an effect on wound healing. In Table 2 several of 

these medication classes are listed along with example of medication. 
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Table 2. Medication classes that have effect on wound healing with example of medication and 
formulation (Anderson & Hamm; Enoch, Grey, & Harding, 2006; "Micromedex® 

(electronic version)" ; Stojadinovic et al.). 

Class of medication  Example  Formulation 

Corticosteroids  Dexamethasone  Oral, IV, ophthalmic 

Antibiotics  Levofloxacin  Oral, IV, ophthalmic 

Analgesic  Morphine sulphate  Oral, IV, IM 

Nonsteroidal anti-inflammatory 

drugs 

 Ibuprofen  Oral, IV 

Local anaesthetic  Lidocaine 

hydrochloride 

 Topical, IV, ophthalmic 

subcutaneous, 

Vasoconstrictors  Epinephrine  IV, IM, subcutaneous, 

inhalation 

Chemotherapeutic drugs  Adriamycin  IV 

Immunosuppressant  Ciclosporin  Oral, topical, IV 

Anticoagulant  Heparin  IV, subcutaneous 

 

The medications corticosteroids can be used to treat ulcer because they 

promote healing by attenuating the inflammatory response (Enoch et al., 2006). They 

can decrease platelet adhesion and can affect phagocytosis in inflammatory phase. 

Corticosteroids can both be used as tropical treatment and as systematic treatment for 

wound care (Enoch et al., 2006). Long term use of steroids is however not 

recommended because it can have negative effect on wound healing. For example 

can long term use decrease collagen synthesis and inhibit fibroblast proliferation 

(Anderson & Hamm).  

Infection in a wound and/or the tissue next to the injury site has an effect on 

wound healing. The effect that infections can have on wound healing depends on the 

severity of the infection. Whether the infection is localised to the wound site, in the 

surrounding tissues or has resulted in sepsis has an effect on the treatment. Treatment 

for wound infection can range from topical antimicrobial medication in local infection in 

the wound site to aggressive systematic antimicrobial medication treatment in sepsis 

(Stojadinovic et al., 2008). The antimicrobial medication used depends on the 

pathogen specifically in sepsis where the medication that is appropriate for that 

pathogen is used. 
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Pain is often associated with wounds and therefore analgesics are often used 

for wound care. Local anaesthetics may be needed when a wound is being closed by 

a physician by for example stitching. Topical analgesics may sometimes be sufficient 

to treat pain associated with wounds (Paschou et al., 2018). In other cases systematic 

pain management is needed. At first non-opioid analgesics are tried to control the pain. 

Medications that fall into this category are for example nonsteroidal anti-inflammatory 

drugs (NSAIDs) and paracetamol (Bechert & Abraham, 2009; Paschou et al., 2018). If 

non-opioid analgesics do not work an analgesic adjuvant may be added such as 

anticonvulsants or antidepressants. Weak opioids may also be added such as codeine. 

If the pain is still present despite these attempts more potent opioid analgesics are 

need to control the pain (Bechert & Abraham, 2009; Paschou et al., 2018). 

NSAIDs can have delaying effect on wound healing because they have anti 

proliferative effect on the skin and blood vessels (Anderson & Hamm). NSAIDs 

decrease local inflammation and they inhibit cyclo-oxygenase production. They also 

reduce the tensile strength of the wound (Bechert & Abraham, 2009; Enoch et al., 

2006).  

The last four medications classes listed in Table 2, vasoconstrictors, 

chemotherapeutic medicines, immunosuppressants and anticoagulant can all have 

negative effect on wound healing. Vasoconstrictors such as epinephrine and nicotine 

cause hypoxia by affecting microcirculation that has negative effect on wound healing 

(Enoch et al., 2006). Chemotherapy and radiation can have negative effect on wound 

healing. The main effect on wound healing of chemotherapeutic drugs is that they 

delay the inflammatory phase of wound healing as well as delaying wound contraction 

(Anderson & Hamm, 2012). Immunosuppressants can also influence wound healing 

because they delay wound healing (Enoch et al., 2006; Morton & Phillips, 2016; Singh 

et al., 2017). Anticoagulant can have an effect on wound healing. Heparin is an 

anticoagulant medicine that effects fibrin formulation and effects the haemostasis 

phase of wound healing (Enoch et al.).   

 

1.1.9 Wound treatment  

Wounds are not all the same and the treatment for wounds differs. If a wound is small 

and the normal wound healing process is working as expected so no wound dressing 

might be needed. Other wounds need some kind of wound dressing. In small shallow 

wounds simple plaster may be enough to cover the wound and stop the bleeding. If a 
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plaster is not enough to treat the wound there are many wound dressings available for 

example gauze, thin films, hydrogels and hydrocolloids (Frykberg & Banks; 

Saghazadeh et al.). Gauzes are the most widely used wound dressing product and it 

is made from woven or nonwoven fabrics. These fabrics can be based on synthetic or 

natural fibres. Thin films dressings are a transparent and elastic synthetic wound 

dressing product (Santoro, Tatara, & Mikos). Hydrogels are cross-linked three-

dimensional network structures. They have an ability to swell with a large amount of 

water (Santoro et al.). Hydrocolloid dressings are dressing that when applied to topical 

wounds they absorb the exudate to form a gel state and sticks to the wound (Santoro 

et al.).  

 

1.1.10 Thin film and hydrocolloid dressing 

Thin film dressings are typically made from polyurethane (Saghazadeh et al.). 

Polyurethane is a highly versatile polymer that usually is hydrophobic in nature and 

insoluble in water (Tai, Adhikari, Shanks, Halley, & Adhikari). The polymer consists of 

hard and/or soft segments that can be altered to for variety of application (Tai et al.). 

Polyurethane thin films are transparent and the elasticity of them allows movement 

(Saghazadeh et al.). They are semipermeable but prevent pathogens to come in 

contact with the wound. Polyurethane thin films permit exchange of carbon dioxide, 

oxygen and vapour (Saghazadeh et al.). For wounds with high exudate thin films are 

not very suitable as a wound dressing because it may lead to fluid accumulation in the 

wound (Saghazadeh et al.). 

Hydrocolloid dressings are often made from pectin, carboxymethylcellulose and 

gelatin (Saghazadeh et al.). Hydrocolloid can form gels upon contact with wound 

exudate (Thu, Zulfakar, & Ng). The absorption of exudates from the wound is due to 

the strong hydrophobic gel formulation (Saghazadeh et al.; Thu et al.). How much fluid 

the hydrocolloid dressing can handle depends on range of factors such as the design 

of the hydrocolloid dressing as well as physiochemical properties (Thu et al.). Once a 

hydrocolloid dressing absorbs the exudate, it sticks to the wound and becomes 

permeable to oxygen and water (Saghazadeh et al.). It can easily be removed from the 

wound but they have to be covered by impermeable film. The hydrocolloid dressings 

are covered to isolate the wound from pathogens to minimize the risk of infection 

(Saghazadeh et al.).  
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1.2 Collagen 

Collagen is a structural protein and it is present in all animals (Shoulders & Raines). 

Collagen is the most abundant protein in mammals and of the total protein tissue 

collagen constitute more than third (Ferreira, Gentile, Chiono, & Ciardelli). A principal 

component of connective tissue in mammals is collagen, as a fibrous protein (Ferreira 

et al.).  There are 28 different types of collagen that have been identified (Ferreira et 

al.; Shoulders & Raines). Collagen protein consist of three polypeptides stands and 

forms a triple helix structure (Ricard-Blum; Shoulders & Raines). The triple helix is 

usually formed by one α2(I)-chain and two identical α1(I)- and α1(II)-chains (Ferreira et 

al.). The α-chains are held together by hydrogen bonds and the triple helix is usually 

formed as a heterotrimer (Ferreira et al.; Shoulders & Raines). Glycine is present as 

every third residue in the triple helix and helps stabilized the structure (Ricard-Blum). 

High content of proline and hydroxyproline, electrostatic interaction and interchain 

hydrogen bonds also help to stabilize the triple helix (Ricard-Blum). 

Comparison between mammalian and marine collagen is shown in Table 3 

(Subhan, Ikram, Shehzad, & Ghafoor). 

 

Table 3. Comparison between mammalian and marine collagen (Subhan et al.). 

Mammalian  Marine 

Low contents of glutamine or glutamic acid 

and alanine. High proline content 

 High contents of glutamine or glutamic acid 

and alanine. Low proline content 

High melting point  Low melting point 

High vicosity solution  Low viscosity solution 

Expensive  Cheap 

Soluble in organic solvent  Soluble in water 

Difficult extraction   Easily available  

Risk of transmitted diseases  No risk of transmitted disease 

 

Mammalian collagen is expensive and has both high melting point and high 

viscosity solution (Subhan et al.). While marine collagen is cheap and has both low 

melting point and low viscosity solution (Subhan et al.). Marine collagen is easily 

available while mammalian collagen is difficult extraction (Subhan et al.). Collagen 

from mammals is not soluble in water while marine collagen is and the risk of 

transmitted diseases is not marine collagen but is in mammalian collagen (Subhan et 

al.). Amino acid content differs between mammalian and marine collagen. Mammalian 
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collagen has low contents of the amino acid glutamine or glutamic acid and alanine 

and high content of proline. Marine collagen has high content of glutamine or glutamic 

acid and alanine while the proline content was low (Subhan et al.). 

 

1.3 Gelatin 

Gelatin is a denatured fibrous protein that is derived from fibrous protein collagen by 

partial thermal hydrolysis (Karim & Bhat; Lin, Regenstein, Lv, Lu, & Jiang). Collagen 

can be obtained from animal skin, bones, cartilage tissue and connective tissue. 

Gelatin is made from different animal by-products such as pigskin, pig bones, cattle 

hide splits and fish skin (Lin et al.; Mogosanu & Grumezescu). Raw animal material is 

treated with dilute alkaline solution or acid in gelatin manufacturing. The dilute alkaline 

solution or acid causes partial cleavage of the collagen crosslinks (Karim & Bhat).. 

Manufacturing of gelatin consists of three main stages. These stages are 

preparation of raw material, extraction of gelatin and purification and drying (Karim & 

Bhat). Gelatin can be classified into two types of gelatin depending on the 

manufacturing method called type A and type B gelatin. Type A gelatin is obtained 

from collagen that is treated with acid. The isoelectric point of type A gelatin is at pH 6 

– 9. Type B Gelatin is made from alkaline solutions and the isoelectric point is around 

pH 5 (Karim & Bhat; Nur Hanani, Roos, & Kerry). Isoelectric point is the value where 

the overall net surface charge of a macromolecular polyprotic species equal zero 

(Audain, Ramos, Hermjakob, Flower, & Perez-Riverol).  

Gelatin is used in many different fields of commerce such as pharmaceutical, 

food, cosmetic and photographic industries due to its unique functional and 

technological properties (Karim & Bhat). In pharmaceutical industry gelatin is used for 

example as matrix for implants, in intravenous infusions, to manufacture hard and soft 

capsules, table coatings and in wound care (Karim & Bhat). Gelatin is often used in 

food products for example in dairy to provide stabilization, in baked goods to provide 

emulsification, gelling as well as stabilization and in meat products to provide water-

binding (Karim & Bhat). Gelatin is also used in photographic films as well as a coating 

layer (Lin et al.; Nur Hanani, Roos, & Kerry). 

Demand for gelatin has increased over the years and in 2015 there were made 

about 410000 tons of gelatin. In 2024 the production of gelatin is expected to be 

650000 tons and that the marked for gelatin would reach 4 billion US dollars by 2024 

(Lin et al.). In Europe about 80% of edible gelatin is made from pigskin, 15% from cattle 
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hide splits and the remaining 5% are made from pig, cattle bones or fish (Lin et al.). 

There is however a limitation in the use of pig or cattle skin and bones due to religious 

reasons. Religious Muslims and Jews will not consume or use pig gelatin and gelatin 

from cattle can also not be used unless the animals are religiously slaughtered. 

Religious Hindus will avoid cow products and sometimes animal products in general.  

Gelatin made for fish is allowed (Halal) in Islam and it can also be used with minimal 

restrictions in Hinduism and Judaism (Karim & Bhat; Lin et al.). 

 

1.3.1 Fish gelatin 

In addition to religious reasons gelatin made from fish also has another advantage over 

gelatin made form pigs and cattle. That advantage is that fish gelatin does not pose a 

threat of bovine spongiform encephalopathy (BSE) (Lin et al.). BSE is a disease that 

affects the central nervous system of cattle and causes its degeneration (Detwiler & 

Rubenstein). Another advantage to gelatin from aquatic sources is that it is made from 

by-products from aquatic processing industries. These by-products would normally be 

waste and thrown away. Instead they could be used to make gelatin. A downside to 

gelatin production from fish is that on average the yield is lower than mammalian 

gelatin (Karim & Bhat).     

Gelatin from fish differs from mammalian gelatin in some ways. Fish gelatins 

contain lower concentration of imino acidic. Cold water fish gelatin has lower 

concentration than warm water fish gelatin (Karim & Bhat). Fish gelatin has lower 

melting temperature as well as gelling temperature and relatively high viscosity 

compared to mammalian gelatin (Lin et al.). Gelatin from cold water fish can be a 

viscous liquid at room temperature and some do not gel above 0°C. Cold water fish 

gelatin membranes show lower water vapour permeability than mammalian or warm-

water fish gelatin (Karim & Bhat).   

 

1.3.2 Properties of gelatin 

When gelatin is manufactured molecules of varying mass are made. Due to the 

cleavage of inter-chain covalent crosslinks in collagen. It is also due to unfavourable 

breakage of some intra-chain peptides (Karim & Bhat). The resulting gelatin has a 

lower molecular weight than native collagen (Karim & Bhat).  Molecular weight of 

gelatin has an effect on viscosity of gelatins. Gelatins that have high viscosity give 
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tougher, extensible gels. Gelatin with lower viscosity gives short, brittle gels (Lin et al.). 

Viscosity of gelatin can be influenced by concentration, temperature, pH and added 

salts (Lin et al.). Molecular weight also influences the gel strength and melting point of 

gelatins. Interaction of amino acids and α/β–chain ratio also has an influence on the 

melting point and strength of the gelatin. Gelatin is a mixture of α-chains, β-chains and 

γ-chains. α-chains are one polymer or a single chain and in gelatin they are the chains 

that form β-chains and γ-chains. β-chains are two α-chains that are covalently cross 

linked and γ-chains are three covalently cross linked α-chains (Duconseille, Astruc, 

Quintana, Meersman, & Sante-Lhoutellier). Gelatin that contain more α-chains show 

higher gel strength then those gelatin gels that have more β-chains (Karim & Bhat).     

Gelatin that form thermo-reversible gels form melting temperature that is close 

to or below the body temperature (Karim & Bhat). If gelatin is ingested it is degraded 

in the human body and harmless metabolic products are formed. Gelatin is relatively 

inexpensive, highly available and biodegradable (Santoro et al.). The structure of 

gelatin changes with temperature, humidity rate, concentration and content of various 

substances in the gelatin (Duconseille et al.). Gelatin forms a tree dimensional network 

with zones of intermolecular microcrystalline junctions (Cao, Yang, & Fu). If this system 

is dehydrated it may form gelatin membranes that are brittle (Cao et al.). 

Gelatin is hygroscopic and it has the ability to absorb water more than 5-10 

times its one weight (Nur Hanani et al.; Wang, Zhu, Xue, & Wu, 2012). Due to the 

ability of gelatin to absorb fluids and the fact that gelatin is not expected to cause 

damage to wound area gelatin is often used for wound care (Ulubayram, Nur Cakar, 

Korkusuz, Ertan, & Hasirci). When gelatin is used for wound care it prevents fluid 

accumulation due to its absorptive capacity. The gelatin used for wound care would 

absorb excess exudate and cell debris at the injury site and would remain in the gelatin 

until it would be saturated. If a gelatin was used for wound care excess exudate would 

be absorbed from the wound (Wang et al.).  

Swelling and dissolution of gelatin in water is depended on external factors such 

as pH, water temperature and ionic strength (Duconseille et al.). Gelatin that has higher 

degree of cross-linking has lower dissolution value than gelatin that has low degree of 

cross-linking (Duconseille et al.). Cross-link formation of gelatin like swelling and 

dissolution depended on many factors. An important role in cross-linking is the nature 

of the raw material. The age of the animal used as a source for the raw material matters 

because collagen in younger animals contains fewer cross-links than in older animals 

(Duconseille et al.; Nur Hanani et al.). Another factor that influences cross-links degree 
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of gelatin is the gelatin manufacturing process. High temperature condition increase 

cross-linking as well as humidity and light and in particular ultraviolet light (Duconseille 

et al.). Gelatin contains both anionic and cationic groups and ionization influences 

gelatins degree of swelling. The effect ionization has on swelling degree attributes to 

the formation of ion pairs between counterions and charge of the network (Duconseille 

et al.). 

 

1.4 Gelatin membranes and plasticizers   

Gelatin membranes are gelatins that has been dissolved, often in distilled water, and 

moulded into membranes. They have poor water barrier but good oxygen properties 

(Nur Hanani, Roos, & Kerry). In contact to other high moisture material gelatin 

membranes tend to swell or dissolve (Nur Hanani et al.). The properties of gelatin 

membranes can be modified by the addition of plasticizers. Thus, the mechanical 

properties of gelatin membranes can be improved (Vanin, Sobral, Menegalli, Carvalho, 

& Habitante). Plasticizers can be defined as: “molecules of low volatility which are 

added to biopolymer materials to allow the modification of the functional properties of 

films” (Suderman, Isa, & Sarbon). The effect that plasticizers can have on the 

properties of gelatin membranes varies. Plasticizers can affect the extensibility, 

flexibility, rigidity, elasticity, brittleness, flow and dispensability of gelatin membranes 

(Cao et al., 2009; Suderman et al.). When plasticizers are added to a gelatin mixture 

they reduce inter-chain interaction during dehydration as well as increasing membrane 

flexibility (Thomazine, Carvalho, & Sobral). The effect a plasticizer can have on gelatin 

differs for the type of plasticizer is used and the concentration (Thomazine et al.). 

Although plasticizers can improve gelatin membrane properties they can also cause 

undesirable effects. These undesirable effects include crystallisation during storage of 

the membrane or migration of the additives out the membrane (Thomazine et al.).     

The concentration of plasticizers is important to control the properties of a 

gelatin membranes. Normally when the concentration of a plasticizer is increased the 

water vapour permeability of hygroscopic membrane will increase as well. This effect 

is due to a reorganisation of the proteinic network with consequent increase in free 

volume (Vanin et al.). Another aspect of higher concentration of plasticizers was that 

they increase the percentage elongation to the breaking point of the gelatin membrane 

(Rezaei & Motamedzadegan). When the concentration of a plasticizer is increased 
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membrane forming solution normally was not as rigid or stiff and more stretchable 

(Suderman et al.).      

Many different plasticizers have been added to gelatin solution to try to improve 

mechanical properties of gelatin membranes. Glycerol, sorbitol, mannitol and xylitol 

are examples of plasticizers that have been used with gelatin membrane production. 

Monosaccharaides, such as sucrose, glucose and mannose, have also been used as 

plasticizers in gelatin membranes. Fatty acids have also been used as a plasticizer 

with gelatin membranes (Rezaei & Motamedzadegan, 2015; Vanin et al.). The most 

common plasticizers used in manufacturing of gelatin membranes are glycerol and 

sorbitol (Thomazine et al.). Properties of gelatin membranes that contain sorbitol or 

glycerol are not the same. Gelatin membranes that only contain glycerol are more 

permeable than membranes that contain same concentration of sorbitol as plasticizer 

(Thomazine et al.). Thomazine, Carvalho and Sobral state that the permeability of 

gelatin membranes that contain 25 g glycerol/ 100 g gelatin is about the same as 

gelatin membranes that contain 55 g sorbitol/ 100 g gelatin (Thomazine et al.).    

 Gelatin membranes with only glycerol are more extendable than and not as 

resistant as gelatin membranes containing sorbitol (Thomazine et al.). A downside of 

using glycerol as a plasticizer in gelatin membranes is that it is very water sensitive. In 

conditions of high relative humidity it can be observed that some of the plasticizer 

migrates out of the membrane (Thomazine et al.). There is also a downside of using 

sorbitol as a plasticizer because it may crystallise in the gelatin membrane. 

Crystallisation may occur when the gelatin membranes are stored at low and 

intermediate relative humidity conditions (Thomazine et al.).  

Cao, Yang and Fu report that gelatin membranes made with the plasticizer 

polyethylene glycol (PEG) had effect on the properties of the gelatin membranes. They 

state that increasing the molecular weight of PEG induced an increase in tensile 

strength and elastic modulus and decrease in elongation to break (Cao et al.). Cao, 

Yang and Fu also investigated the effect that sorbitol and mannitol had as a plasticizer 

in gelatin membranes. They state that both sorbitol and mannitol decrease elastic 

modulus and tensile strength but elongation to break increased (Cao et al.). When they 

increased the concentration of sorbitol from 0.2 to 0.3 g sorbitol/g gelatin it had a 

positive plasticization effect. That is tensile strength and elastic modulus further 

decreased and elongation to break further increased compared to 0.2 g sorbitol/g 

gelatin (Cao et al.). In their study they note that when the gelatin membranes with 

sorbitol and mannitol as plasticizers appeared homogeneous and transparent. 



18 
 

However, after storage for about 10 days they found that mannitol tended to crystallise 

on the membrane surface (Cao et al.). That implies that there is not a complete mixture 

between gelatin and mannitol (Cao et al.).  

     

1.4.1 Modified gelatin 

Gelatin has been modified with PEG to improve capability of the gelatin for drug 

release. By adding PEG to gelatin the selectivity of the gelatin nanoparticle improved 

toward a target organ when it was compared to a gelatin drug carrier without PEG 

(Santoro et al.). Addition of PEG to gelatin increases strength of gelatin as a drug 

delivery vehicle. For example, has PEG-gelatin carrier with doxorubicin shown less 

cytotoxicity compared to doxorubicin intravenous in mouse models for pulmonary 

metastasis (Santoro et al.). Gelatin has also been modified to enhance drug stability 

and load efficiency as well as for targeted drug delivery. For example, increase drug 

encapsulation efficiency and reduce side effects (Santoro et al.).  

 

1.5 Gelatin and cross-linkers 

Crosslinking of polymer chains can be used to modify polymer network to improve the 

functionality of proteins films. Both chemical and physical treatments can be used to 

have crosslinking effect (Cao, Fu, & He). Physical treatments that are used for cross-

linking are for example γ- and UV-irradiation. Various chemical agents can be used for 

crosslinking and they include aldehyde, calcium salt, genipin, transglutaminase 

enzyme and phenolic compounds (Araghi et al.). Genipin is a naturally occurring 

crosslinking and it can be obtained from an iridoid glucoside, geniposide and Gardenia 

jasminoides Ellis (Bigi, Cojazzi, Panzavolta, Roveri, & Rubini; Ma, Tang, Yin, Yang, & 

Qi, 2013). Bigi et al. made gelatin membranes with genipin. They showed that gelatin 

cross-linked with genipin had similar thermal, mechanical and swelling properties as 

glutaraldehyde cross-linked gelatin (Bigi et al.). The benefit of using genipin is that is 

not as cytotoxic as glutaraldehyde (Bigi et al.). Glutaraldhehyde has shown great 

efficiency in protein modification but its cytotoxicity has limited its application in medical 

and food applications (Zhang et al.).  

Ferulic acid and tannic acid are natural crosslinking agents that have been used 

with gelatin membranes. Cao, Fu and He did a study where all gelatin membrane 

forming solutions were 12% (w/w) and 0, 5, 10, 20, 30 and 40 milligram (mg) of ferulic 
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acid or tannin acid/g gelatin (Cao et al.). Their results indicate that as the concentration 

of ferulic acid and tannin acid increases so did the tensile strength. The elongation to 

break decreased with increased concentration of the crosslinking agent. Tensile 

strength of gelatin membranes made with ferulic acid increased higher with increased 

concentration of ferulic acid than gelatin membranes with tannin acid (Cao et al.). Cao, 

Fu and He also studies that different pH would have on the properties of the gelatin 

membranes. They note that when gelatin membranes with ferulic acid changed from 

transparent and colourless to white and opacious when the pH was increased to 10 

(Cao et al.). Then they changed the pH from 6 to 10 they say that the maximal 

mechanical strength of the gelatin membranes could be obtained for tannic acid when 

the pH was around 9. For ferulic acid the best mechanical strength was when the pH 

was 7 (Cao et al.). Gelatin membranes that were cross-linked with ferulic acid and 

tannic acid both showed decreased swelling ratio as their concentration increased 

(Cao et al.). Cao, Fu and He also noted that properties of gelatin membranes that 

where treated with tannin acid improved after the membranes had been stored for 

more than 90 days. Storage time did have little effect on gelatin membranes with ferulic 

acid (Cao et al.). The reason why properties of tannin acid gelatin membranes 

improves over time might be due to that tannin acid could cross-linked gelatin step by 

step with time (Cao et al.). 

 

1.5.1 Gelatin membranes in wound care 

Gelatin can be used in different formulations for wound care. One formulation of gelatin 

for the purpose of wound healing is to use a gelatin sponge with epidermal growth-

factor (EGF). Ulubayram, Nur Cakar, Korkusuz, Ertan and Hasirci did a study of a 

polymeric bilayer wound dressing containing EGF-loaded microsphere (Ulubayram et 

al.). The result of their experiment lead to the result that gelatin sponges contating EGF 

had substantial effect on decreasing wound area as well as removing histological sign 

of tissue damage on rabbit skin wounds (Ulubayram et al.). Tanaka, Nagate and 

Matsuda did a study with gelatin as a hydrogel matrix in a dehydrate form and with 

EGF. The result of their study was that EGF containing gelatin accelerated 

reepithelialisation of wounds created in dorsal skin of hairless dogs compared to 

control (Tanaka, Nagate, & Matsuda).  
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2  AIM 

The aim of this thesis was to compare gelatin membranes from three different types of 

gelatins, porcine skin, cold water fish skin and Atlantic cod skin gelatin for the prospect 

of wound care. Two plasticizers, mannitol and sorbitol, were used to see whether they 

improved the properties of the gelatin membranes. The effect of adding two cross-

linkers, ferulic acid and tannic acid, to the gelatin membranes were evaluated. The 

swelling degree and solubility of the membranes were evaluated as well as mechanical 

properties of the gelatin membranes. 

The drug release of the membranes was investigated for two medications 

diclofenac, a nonsteroidal anti-inflammatory drug, and levofloxacin, an antibiotic. 

Antimicrobial activity of levofloxacin membranes was briefly studied against 

Staphylococcus aureus and Escherichia coli.    
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3 MATERIALS AND METHODS 

3.1 Materials 

The materials used in the work for this thesis are shown in Table 4 as well as 

manufacturer and the batch number. 

 

Table 4. The materials used in the work for this thesis. 

Materials  Manufacturer  Batch/es 

Acetonitrile  Honeywell   I202E 

Diclofenac sodium salt  Sigma-Aldrich  037K1588 

Disodium hydrogen phosphate   May & Baker  67742 

Escherichia coli ATCC25922 
 Landspítali - The National 

University Hospital of Iceland 

 
- 

Ferulic acid  Sigma-Aldrich  S76755-269 

Gelatin from Atlantic cod skin  Marine Collagen ehf.  Experimental batch 

Gelatin from cold water fish 

skin 

 
Sigma-Aldrich 

 
SLBW3548 

Gelatin from porcine skin. Gel 

strength 300, type A  

 
Sigma-Aldrich 

 SLBT6921 and 

SLBZ4132 

Glacial acetic acid  Sigma-Aldrich  83310 

Hydrochloric acid  Merck  HI6928 

Levofloxacin  Sigma-Aldrich  28266 

Mannitol  Riedel-de Haën  70440 

Methanol  Honeywell  I134AS 

Milli-Q water  Prepared in Hagi   - 

Orthophosphoric acid  Sigma-Aldrich  SZBB2360V 

Oxoid gentamicin antimicrobial 

susceptibility discs 

 
Thermo Scientific 

 
CT007213 

Potassium dihydrogen 

phosphate 

 
Riedel-de Haën 

 
33230 

Sodium chloride  Sigma-Aldrich  SLBS2340V 

Sodium hydroxide  Sigma-Aldrich  SLBT8673 

Sorbitol  Sigma-Aldrich  I420230 50709020 

Staphylococcus aureus 

ATCC29213 

 Landspítali - The National 

University Hospital of Iceland  

 
- 

Tannic acid  Riedel-de Haën  52280 

Triethylamine  Sigma-Aldrich  STBG8844 
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The milli-Q water was produced with milli-Q purification system (Millipore, A/S, 

Copenhagen, Denmark) in the laboratory. The S. aureus and E. coli bacteria were 

obtained from Landspitali - The National University Hospital of Iceland and grown in 

broth 24 hours before the antimicrobial activity testing was performed.  

 

3.2 Equipment 

Table 5 lists the equipment used in the thesis. Round bottom flasks, volumetric flasks, 

and measuring cylinder were the three types of glassware that were mostly used. Other 

used glassware falls under the broad category of glassware with different volumes in 

Table 5, for example, beakers and small vials. 

 

Table 5. Equipment used in the thesis. 

Equipment  Manufacturer 

0.45 μm Nylon filter  Phenex  

9 mm Franz cell, 12 mL  PermeGear 

Analytical balance scale   Mettler Toledo 

Autoclave  Astell 

Balance scale  Mettler Toledo 

Branson Ultrasonic 5800 bath  Branson 

Chromeleon 7.2.9. software  Thermo Scientific 

Computer  Dell 

Densichek  bioMérieux 

Digital vernier caliper  Swiss Precision Instruments 

Disposable Loops  Nunc 

Excel 2016  Microsoft 

Filter paper  Whatman 

Finnpipette F1  Thermo Scientific 

FinnTip  Thermo Scientific 

Glass vacuum filter   MilliPore 

Glassware with different volumes  Duran 

Hollow punch  Lux 

HPLC  UltiMate 3000 

Humidity chamber HP 110  Memmert 

Incubator  Nüve 

Incubator shaker  LAB-line instruments inc 

Magnet  - 
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Magnetic stirrer hotplate 300  Gallenkamp  

Measuring cylinder   Pyrex 

Needles  Braun 

Onyx monolithic C18 HPLC column  Phenomenex  

Orion 3-Star pH meter  Thermo Scientific 

Oven  Whirlpool 

Parafilm  Bemis 

Petri dishes  Sarstedt 

Refrigerator  Liebherr 

Round bottom flask  Brand 

Syringes  Kruuse 

TA.XT2i texture analyzer  Stable Micro System 

Thermometer  Thermo Scientific 

Transfer pipettes  Sarstedt 

Variomag Poly magnetic stirrer  Komet 

Volumetric flask  Isolab 

 

3.3 Methods 

3.3.1 Membrane preparation 

3.3.1.1 Gelatin used for preparing the membranes 

Three different types of gelatin were used in this work: Type A porcine skin gelatin 

(PSG) from Sigma-Aldrich, cold water fish skin gelatin (FSG) also from Sigma-Aldrich, 

and Atlantic cod skin gelatin (ac-FSG) provided from an experimental production batch 

from the company Marine Collagen ehf. The ac-FSG membranes were made with one 

modification to the method described below. The speed of the magnetic stirrer was 

increased to 600 rpm for about 20 minutes because the ac-FSG did not dissolve as 

fast as FSG and PSG. After 20 minutes the speed was reduced to 300 rpm and the 

membranes were made in the same way as described below. 

3.3.1.2 Procedure 

1 liter (L) of milli-Q water was autoclaved in a glass bottle. The autoclave was set on 

the setting “Media”. The autoclaved milli-Q water was used for no more than 6 days. 

2.0000±0.0010 g of gelatin were added into a 100 milliliter (mL) round bottom flask 

containing a magnet and 50 mL of milli-Q water. The round bottom flask was placed in 

an oil bath and stirred with a magnetic stirrer. The temperature of the oil was set to 70-
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75°C (degrees Celsius) and the stirrer was set to 300 rpm (revolutions per minute). 

Once the temperature reached 70-75°C the gelatin solution was stirred for one hour at 

300 rpm.  

In some experiments, the plasticizers, sorbitol or mannitol, or the cross-linkers, 

ferulic acid or tannic acid, were also added to the solution. The plasticizers were added 

at 10%, 20% or 30% w/w ratio relative to gelatin and the cross-linkers were added at 

2%, 5% or 10% w/w ratio relative to gelatin. Drug-containing membranes were made 

with, diclofenac sodium salt (Na-Diclo) and levofloxacin. In this case, the amount of 

added drug was 50.00±0.05 mg. 

After gelatin and milli-Q water had stirred for an hour the temperature was 

decreased to 70°C and plasticizers, crosslinker and/or drug was added. After addition, 

the solution was stirred for an additional 10 minutes. In the case of drug loaded 

membranes, drugs were then added at 70°C and the solution stirred for additional 10 

minutes.   

1 mol/L (M) sodium hydroxide (NaOH) was added to some membranes to 

increase the pH of gelatin solution after the addition of crosslinker or drug, if 

precipitation occurred.  

The manufacturing process was changed a slightly for membranes made with 

Na-Diclo. 10 mL of milli-Q water was used to dissolve Na-Diclo and 40 mL of milli-Q 

water to dissolve the gelatin. Fifty (±0.05) mg of Na-Diclo was added to a 25 mL round 

bottom flask containing a magnet and 10 mL of milli-Q water and was stirred at 300 

rpm at room temperature (RT) on a magnetic stirrer. The round bottom flask was 

covered with aluminium foil to protect it from light (Pharmaceutical). After diclofenac 

solution had been added to the gelatin solution aluminium foil was also used to protect 

it from light. 

The gelatin solution was cooled for a few minutes after it had been stirred on 

the magnetic stirrer and removed from the oil bath. The solution was then placed in 

Branson Ultrasonic 5800 bath and set to degas mode for a few minutes to get rid of 

any air bubbles present. After the Branson Ultrasonic 5800 bath, the gelatin solution 

was poured onto a plastic petri dish. The gelatin solution was stored at RT overnight 

and then placed in an oven at 80°C for drying for 24 hours. Gelatin solution containing 

diclofenac were covered with aluminium foil when they were stored at RT. Aluminium 

foil was also used to cover the window on the door of the oven to shield the gelatin 

membranes from light. After 24 hours in an oven, the membranes were placed in a 
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humidity chamber at 25°C at 60% relative humidity. The membranes were kept in the 

humidity chamber for minimal 5 days before they could be tested.  

 

3.3.2 Swelling experiment 

The procedure for the experiments to determine the dergree of swelling was similar to 

what has previously been reported by Uranga et. al. (Uranga et al.). Uranga et. al. used 

distilled water but in the thesis phosphate buffer saline (PBS), at pH 7.4 was used 

instead at RT. PBS was prepared as described in the European Pharmacopeia 

(Medicines). 2.38 g of disodium hydrogen phosphate, 8.0 g of sodium chloride and 

0.19 g of potassium dihydrogen phosphate were dissolved in milli-Q water in 1000 mL 

volumetric flask. Milli-Q water was used to dilute the solution to 1000 mL. After all the 

compounds had dissolved the pH of the solution was measured with Thermo Scientific 

Orion 3-Star pH meter. The goal was to make a PBS solution that had 7.4 pH. If the 

initial pH was not 7.4 either 1 M NaOH or 1 M hydrochloric acid was added to adjust 

the pH to 7.4.  

Three circular samples, twelve millimeters (mm) in diameter, were prepared 

from the membranes that were to be tested. Each membrane sample was weighted on 

an analytical scale before it was placed in a glass vial. 5 mL of PBS was added to the 

glass vial using a finnpipette from Thermo Scientific. Then a cap was placed on the 

vial to prevent evaporation. The glass vial was stored at RT for 24 hours. After 24 hours 

the PSB was carefully removed from the vial. The swollen membrane sample was 

weighted again on an analytical scale and the swelling index (SI) was calculated using 

the formula: 

 

 
SI (%) =

𝑊2 − 𝑊1

𝑊1
× 100% (1) 

 

Where W1 is the weight of the membrane sample before it was immersed in 

PBS and W2 is the weight of the same sample after 24 hours immersed in PBS. 

The thickness of each of the membrane sample was measured with a digital 

vernier caliper before the samples were immersed in PBS. The thickness was 

measured in inches because the digital vernier caliper gave more accurate 

measurement in inches than in mm. The measured thickness was converted to mm by 

using the following equation (Thompson & Taylor). 
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 1 inch = 2.54 centimetres (cm) = 25.4 mm (2) 

 

For each membrane, the average thickness was found by adding the measured 

thickness of all three membrane samples together. The outcome was then divided by 

3 and the outcome was the average thickness of the membrane.  

Shorter swelling degree experiment was performed for FSG and ac-FSG 

membranes. The swelling degree experiment duration was shortened from 24 hours 

to 15 minutes otherwise it was done as described above. 

 

3.3.3 Solubility experiment 

Solubility experiment was carried out with PBS (pH 7.4) as the solvent. Three circular 

samples, 12 mm in diameter, were cut out from each membrane. Each sample was 

weighted on an analytical balance scale and placed in vials containing 10 mL of PBS. 

A cap was placed on the vials and they were shaken in shaking incubator at 140 rpm 

for 24 hours at RT. Aluminium trays were weighted on a scale and after 24 hours on a 

shaker, the PBS was carefully removed. The remaining undissolved membranes were 

placed in the aluminium tray and dried at 80°C for 24 hours in an oven. After 24 hours 

in an oven, the membrane samples were weight again. The solubility values were 

calculated using the equation: 

 

 
Solubility =

𝑊𝑖 − 𝑊𝑓

𝑊𝑖
× 100% (3) 

 

where Wi is the initial weight of membrane sample and W f is the of the weight 

of the same sample after it had been in PBS for 24 hours at RT on a shaker and dried 

at 80°C for 24 hours. 

 

3.3.4 Mechanical properties 

New membranes had to be made for the mechanical properties experiments. The 

method as described in the section above (3.3.1.2) was used with a few modifications. 

Instead of using 2±0.0010 g of gelatin, 300.0±1.0 mg of gelatin was used. The amount 

of milli-Q water was reduced to 10 mL from 50 mL and finnpipette was used instead of 

measuring cylinder. The same w/w ratio relative to gelatin of both plasticizers and 

cross-linkers was used as above (3.3.1.2). The amount of Na-Diclo was also reduced 
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from the description in 3.3.1.2 and the amount used was 7.50±0.05 mg. Another 

modification was that the pH was measured for each membrane. Orion 3-Star pH 

meter was used to measure the pH of the membrane solution after they had been 

mixed on the magnetic stirrer. After the pH measurement the gelatin solutions were 

placed in Branson Ultrasonic 5800 bath as described in 3.3.1.2.  

Drying method was also changed for several membranes. Instead of drying the 

membranes in an oven at 80°C for 24 hours, they were dried at room temperature for 

2 days. This change was done based on the outcome of the membranes from the 

humidity chamber to see if it would affect the outcome of the membranes, as discussed 

in the discussion section.  

Mechanical properties of the membranes were determined by tensile test and 

TA.XT2i texture analyzer (Stable Micro System) was used for the experiment. TA.XT2i 

texture analyzer was connected to a computer with the software Windows 95. 

To test the membranes in TA.XT2i texture analyzer all membranes had to be cut to a 

6.0 cm length x 1.5 cm wide samples. For each membrane 3, 6.0 x 1.5 cm samples 

were prepared. The samples were fixed on a special probe (tensile grips) on the 

TA.XT2i texture analyzer and the initial separation distance between the tensile grips 

was 40 mm. For all membranes, the test speed was constant at 1 mm per second (s). 

The settings for the TA.XT2i texture analyzer is shown in table A, in the appendix. The 

load to break was determent directly from the tension versus elongation curve at the 

break on the computer screen.  

To calculate the tensile strength (TS) the following equation was used 

 

 
Tensile strength =

(load at break)

(original width) × (original thickness)
 (4) 

 

In the equation load to break was read from the curve in computer and 

expressed in N (Newton) and the original width was 0.015 meter (m). The original 

thickness was found by cutting the membrane into 10 equal rectangular pieces. These 

10 pieces were carefully placed on top of each other and the thickness was measured 

with a digital vernier caliper in inches. The outcome was divided by 10 and converted 

to mm as described in 3.3.2. To calculate the TS the thickness had to be converted to 

meters instead of mm because TS was expressed in Pascals (Pa). One Pa is equal to 

N/m2, therefore, all lengths had to be converted into meters (Thompson & Taylor). TS 
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results for gelatin membranes were expressed in megapascals (MPa) and one MPa is 

equal to 106 Pa (Thompson & Taylor). 

Percent elongation (PE) was calculated by dividing the elongation at the 

moment of rupture by the initial gage length and multiplied by 100. The elongation at 

the moment of rupture was gotten from the curve in the computer and expressed in 

mm. The PE was calculated using the following equation  

 

 
Percent elongation =

(Elongation at rupture) × 100%

(Initial gage length)
 (5) 

 

All the membrane had the same the initial gage length because the distance 

between the tensile grips was always fixed at 40 mm. 

 

3.3.5 Drug release experiment 

Gelatin membranes containing either diclofenac or levofloxacin were tested with Franz 

cell experiment. For each membrane three 15 mm diameter, circular membrane 

samples were tested. Franz cell diffusion test was done similar to Ng, Rouse, 

Sanderson and Eccleston and guidance document from the Organisation for Economic 

Co-operation and Development (OECD) but with modifications (Ng, Rouse, 

Sanderson, & Eccleston; OECD). 

A magnet was placed on the bottom of a 12 mL 9 mm Franz cell. PSB solution, 

that had been filtered on a vacuum pump, was placed in the Franz cell with a transfer 

pipette. After the Franz cell had been filled with PSB it was stirred at 400 rpm at RT. 

The 15 mm diameter sample was carefully placed on top of the receptor compartment 

and the donor compartment was placed on top. No fluid was placed in the donor 

department but it was covered with parafilm to prevent evaporation. If any air bubble 

was visible below the membrane it was carefully removed by tilting the Franz cell so 

air bubbles could escape from the sampling arm. The sampling arm was then covered 

with parafilm to prevent evaporation. 

Each sample was 2.0 mL and it was taken with a plastic syringe and placed in 

high-performance liquid chromatography (HPLC) vials that had been marked with each 

sample number. After 2.0 mL sample had been removed the same volume of PBS was 

added to the Franz cell so that the volume in the Franz cell was constant. Samples 

were taken for the first hours with 5 minutes intervals and then every hour for five hours 
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except for the first PSG membrane. For the first PSG membrane samples were taken 

with 10 minutes interval for the first hour. After analysing the results and the results 

from the swelling index, the interval between samples was decreased to 5 minutes 

between samples for the first hour. Based on the results from the swelling index 

another change was made for the number of samples for FSG and ac-FSG 

membranes. Instead of taking samples for 5 hours the time was reduced to 3 hours. 

For PSG membranes one sample was added after 6 hours and two samples were 

added after 80 minutes and 100 minutes. These changes to PSG membranes were 

made based on the results from HPLC analysis of the first two PSG membranes.  

For Franz cells with diclofenac membranes, the cells were covered with 

aluminium foil between samplings to prevent light from affecting the outcome. All 

samples were kept in brown HPLC vials and the caps were covered with parafilm to 

prevent evaporation. If the samples were not tested in HPLC analysis the same day or 

the next day they were stored in the refrigerator at 4°C until they were tested. 

 

3.3.6 HPLC 

HPLC analysis was done by using the UltiMate 3000 HPLC machine connected to a 

Dell computer and the software Chromeleon 7.2.9. was used to analysis the peaks 

from HPLC analysis. For both diclofenac and levofloxacin, an onyx monolithic C18 

HPLC column from Phenomenex was used. For diclofenac analysis method from 

Brunner and Luders was used (Brunner & Luders). Analysis of membranes made with 

levofloxacin method from Czyrski and Szałek was used (Czyrski & Szałek). Table 6 

shows how the mobile phases for both drugs were composed. The retention time of 

the peak for each drug is shown in table 6 as well as the wavelength (λ) in nanometers 

(nm) and flow rate. 

 

Table 6. Mobile phases, flow rate and wavelength used for HPLC analysis for diclofenac and 
levofloxacin. The retention time for each drug is also shown. In the table, ACN is 
acetonitrile and the numbers in brackets represent the percentage of 100% in the 

composition of the mobile phases.   

Drug  λ (nm)  Mobile phase  Retention 

time [min] 

 Flow rate 

[mL/min] 

Diclofenac  281  ACN/Acetic acid 1% (60/40)  2.1  1.5 

Levofloxacin  294  Phosphate buffer/ACN/Water 

(60/20/20) 

 2.3  1.0 
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The mobile phases, described in Table 6, were degassed before they were 

used. Acetonitrile (ACN) was degassed in Branson Ultrasonic 5800 bath but other 

mobile phases were degassed by using a vacuum. The mobile phase for levofloxacin 

was composed of 20% milli-Q water and 20% ACN. Because the UltiMate 3000 HPLC 

machine could only have two mobile phases water and ACN were mixed together in 1 

L bottle. In the 1 L bottle, 500 mL of ACN and 500 mL of milli-Q water were mixed 

together and the rate was 40%. The phosphate buffer used for levofloxacin HPLC 

analysis was made by adding 2 mL of orthophosphoric acid into 1000 mL of milli-Q 

water in a volumetric flask. The pH was measured and adjusted to 2.5 by adding 

triethylamine if needed. After the pH of the phosphate buffer had reached 2.5 the buffer 

was filtered through 0.45 μm (micrometer) nylon membrane filter and degassed. 

The wavelength for diclofenac was 281 nm and retention time was 2.1 as shown 

in Table 6. Table 6 also shows the flow rate for both drugs. For diclofenac, the flow 

rate was 1.5 mL/min but for levofloxacin, the flow rate was 1.0 mL/min. The wavelength 

used to detect levofloxacin was 294 nm and retention time was 2.3 minutes as shown 

in Table 6. 

Twelve standards were made for each drug to make a standard curve. First 

standard solution was made and additional standard were made by diluting the 

standard solution. To make the diclofenac standard solution 2.5 mg of Na-Diclo were 

weight on an analytical balance scale. The Na-Diclo was placed in 5 mL volumetric 

flask and dissolved in PBS. After Na-Diclo had dissolved part of the solution was diluted 

with PBS to make additional standards. The solution was diluted by taking 1 mL of the 

initial solution with finnpipette and placing it in a vial. 1 mL of PBS added to the vial 

and the solution was mixed together. Then 1 mL was placed in HPLC vial and 1 mL in 

another vial. The solution placed in the vial was further diluted with addition of 1 mL 

PBS. That solution was mixed together and 1 mL placed in a new HPLC vial and 1 mL 

in a new vial. The solution in the vial was then diluted with 1 mL PSB in the same 

manner described above. This dilution process was repeated until 12 standards had 

been made. 

Standards for levofloxacin were made in the same manner as for Na-Diclo 

except the amount of levofloxacin was 1.0 mg instead of 2.5 mg of Na-Diclo.  
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3.3.7 Antimicrobial activity 

Antimicrobial activity test was performed for 4 membranes, 2 PSG membranes, and 2 

FSG membranes. All 4 membranes had neither plasticizer nor cross-linker. The PSG 

and FSG membranes were both with and without levofloxacin. Antimicrobial activity 

test was done similar to agar disk-diffusion method described by Balouiri, Sadiki, and 

Ibnsouda (Balouiri, Sadiki, & Ibnsouda). One modification was that membranes 

samples were 12 mm and not 6 mm filter paper discs as they describe (Balouiri et al.). 

The antimicrobial activity of the four membranes was tested against two bacteria. One 

was a gram-positive Staphylococcus aureus (S. aureus) ATCC29213 and the other 

was gram-negative-bacteria Escherichia coli (E. coli) ATCC25922 (Dajcs et al.; Jang, 

Yoo, & Park, 2011). S. aureus ATCC29213 was grown on blood agar and E. coli 

ATCC25922 was grown on MacConkey agar.  

Four Mueller Hinton agar petri dish (MHA) were used, two for each bacterium. 

Before any samples were placed on the MHA, the MHA had been inoculated with either 

S. aureus or E. coli. The inoculation size was 0.5 McFarland for both bacteria (Balouiri 

et al.). Five minutes after inoculation three samples were placed on the MHA. 

Membranes from the same gelatin source were placed in the same MHA along with 6 

mm Oxoid gentamicin antimicrobial susceptibility discs as standard. After all, three 

samples had been placed in the MHA the petri dish was placed in an incubator at 36°C 

for 18 hours. After 18 hours the petri dish was inspected to see whether the 

membranes had any antimicrobial activity or not. 
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4 RESULTS 

4.1 Membrane preparation 

All gelatin membranes were made as described in the method section (3.3.1.2). Three 

different types of gelatin were used. Type A porcine skin gelatin (PSG) from Sigma-

Aldrich was used for method development because the properties of PSG are well 

known. The second gelatin was cold water fish skin gelatin (FSG) from Sigma-Aldrich 

and the third gelatin was Atlantic cod skin gelatin (ac-FSG) from Marine Collagen ehf. 

PSG was type A gelatin which means that the porcine skin was treated with acid (Karim 

& Bhat; Nur Hanani et al.). For both FSG and ac-FSG the gelatin type is not known. 

PSG is from mammalian source while both FSG and ac-FSG gelatin are from aquatic 

species. The species from which the FSG gelatin was made from was not specified by 

Sigma-Aldrich other than it was from cold water fish skin. The ac-FSG was made from 

Atlantic cod skin caught in the sea around Iceland. 

Gelatins from two different sources were used to see whether there would be 

significant difference between the outcomes of the experiments. ac-FSG was used to 

see how Icelandic production compared to both gelatins from Sigma-Aldrich. Due to 

limited sample size from Marine Collagen ehf. fewer membranes were made with ac-

FSG compared to FSG and PSG. 

Two different plasticizers were used, sorbitol (Sor) and mannitol (Man) to see 

whether addition of plasticizers had an effect on the properties of the gelatin 

membranes. Three concentrations were used see how different concentration affected 

the gelatin membranes. Different concentration of plasticizers had an effect on for 

example tensile strength of the membranes.  

Two cross-linker were used, ferulic acid (FA) and tannic acid (TA). Three 

different concentrations were used to see whether these cross-linkers had an effect on 

the gelatin membranes and if concentration mattered. These two cross-linkers were 

chosen because they had been used in gelatin membranes before. Cao, Fu and He 

for example tested gelatin membranes with both ferulic and tannin acid (Cao et al.). 

Another factor that played a role in selection of both cross-linkers and plasticizers was 

that the all compounds where present in sufficient quantity in the laboratory.  

The selection of the two drugs used diclofenac sodium salt (Na-Diclo) and 

levofloxacin was based on two factors. The first factor was to have one antibiotic drug 

and another anti-inflammatory drug. Second factor was that both drugs were present 

in the laboratory. Due to the fact that the amount both Na-Diclo and levofloxacin 
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present was not very much and time it took to test each membrane for drug release 

fewer membranes with drugs were made and tested. Three membranes with drug were 

made, without additive and with each cross-linker on 5% w/w ratio relative to gelatin 

for each gelatin. For levofloxacin only PSG and FSG membranes were made. Because 

not sufficient amount of ac-FSG was present to make ac-FSG membranes with 

levofloxacin.     

Plasticizers and cross-linkers were added to the gelatin solution after 1 hour at 

70°C. The temperature was lowered to 70°C before all additions to have consistency 

in the manufacturing process. When membranes were made the magnetic stirrer did 

not hold a constant temperature. Therefore, during manufacturing of gelatin 

membranes a temperature range 70-75°C was used. Plasticizers and cross-linkers 

were added before drug was added to the gelatin solution and stirred for 10 minutes. 

After 10 minutes of stirring the drug was added and stirred for additional 10 minutes.  

 

4.1.1 Membranes prepared from PSG 

Membranes made from PSG are shown in Table 7. In Table 7 it is also listed whether 

1 molar (M) sodium hydroxide (NaOH) was added to the gelatin solution or not.  

 

Table 7. The PSG membranes with different addition of plasticizers, cross-linkers and base. 

Membrane  PSG [g]  Additive  Base 

    Sor [g] Man [g] FA [g] TA [g]  1 M NaOH 

[drops] 

1  2  - - - -  - 

2  2  0.2 - - -  - 

3  2  0.4 - - -  - 

4  2  0.6 - - -  - 

5  2  - 0.2 - -  - 

6  2  - 0.4 - -  - 

7  2  - 0.6 - -  - 

8  2  - - 0.04 -  - 

9  2  - - 0.1 -  - 

10  2  - - 0.2 -  - 

11  2  - - - 0.04  50 

12  2  - - - 0.1  70 

13  2  - - - 0.2  65 
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In Table 7 PSG membranes 2-7 contain plasticizers and PSG membranes 8-13 

contained cross-linker. PSG membranes 2-4 contained different concentration of 

sorbitol (Sor) and PSG membranes 5-7 contained different concentration of mannitol 

(Man). For PSG membranes 8-10 ferulic acid (FA) was added as cross-linker in 

different concentrations and PSG membranes 11-13 contain different concentration of 

tannic acid (TA).     

Fig. 2 shows addition of 0.2 g of tannic acid to 2 g PSG solution. 

 

 

Figure 2. Addition of 0.2 g of tannic acid to 2 g PSG solution. This membrane is not in Table 7 
because it was made to show the changes that occur when tannic acid was added to 
PSG solution. a) PSG solution after it had been stirred for 1 hour at 70-75°C. b) After 0.2 
g of tannic acid had been added to the solution. c) The same solution after 200 µL of 1 
M NaOH had been added. 

 

When 0.2 g of tannic acid was added to the gelatin solution, the appearance of 

the solution changed. It went from a clear solution, Fig. 2 a), to white as Fig. 2b) shows. 

After addition of 0.2 g of tannic acid the pH of the PSG solution changed, from pH 5.07 

to 4.75. As Fig. 2 b) shows addition of tannic acid caused precipitation and that 

changed the appearance of the solution. Fig. 2c) shows how the appearance of the 

solution changes after addition of 200 µL of 1 M NaOH. After 1 M NaOH addition the 

pH of the solution changed to 6.71.   

Before 1 M NaOH was added to the gelatin solution other gelatin membranes 

with tannic acid had been made. None of them were used and all were thrown away. 

For those membranes, precipitation was also visible after addition of tannic acid. The 

temperature was gradually increased on the magnetic stirrer to see whether the 

precipitation would decrease. Temperature change had some effect on the 

precipitation but it had not completely disappeared for the temperature range tested 
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for those membranes. For example, one membrane, containing 0.2 g of tannic acid 

and 2 g PSG, the temperature had been increased from 70°C gradually to 110°C 

without having much effect on the precipitation. At 110°C the solution began to boil 

and the temperature was not increased further and the membrane was thrown away. 

Cao, Fu and He (Cao et al.) tested tannin acid gelatin membranes at pH 9 and Pena 

et al. (Pena, de la Caba, Eceiza, Ruseckaite, & Mondragon) tested tannin on gelatin 

membranes at pH 11 by adding 1 M NaOH. Araghi et al. adjusted pH of ferulic acid 

and caffeic acid with 1 N sodium hydroxide to pH≥10 (Araghi et al.). Therefore 1 M 

NaOH solution was used to increase the pH in order to remove the precipitation.  

4.1.2 Membranes prepared from FSG 

Table 8 shows membranes made from gelatin from cold water fish skin. 

 

Table 8. The FSG membranes with different addition of plasticizers, cross-linkers and base. 

Membrane  FSG [g]  Additive  Base 

    Sor 

[g] 

Man  

[g] 

FA  

[g] 

TA 

[g] 

 1 M NaOH 

[drops and/or 

μL] 

14  2  - - - -  - 

15  2  0.2 - - -  - 

16  2  0.4 - - -  - 

17  2  0.6 - - -  - 

18  2  - 0.2 - -  - 

19  2  - 0.4 - -  - 

20  2  - 0.6 - -  - 

21  2  - - 0.04 -  - 

22  2  - - 0.1 -  - 

23  2  - - 0.2 -  - 

24  2  - - - 0.04  30 drops +  

40 µL 

25  2  - - - 0.1  500 µL 

26  2  - - - 0.2  380 µL 

 

In Table 8, FSG membranes 15-20 contain plasticizers and FSG membranes 

21-26 contained cross-linker. 
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One difference was made to the way 1 M NaOH was added to gelatin solutions 

when Tables 7 and 8 are compared. That change was that instead of adding the 1 M 

NaOH with plastic transfer pipette, as was done in Table 7 a finnpipette was used 

instead. The change was done because using finnpipette gives more accurate results 

and it is easier to compare to other membranes. For each addition with a finnpipette 

10 microliters (µL) of NaOH was added at a time. The change in addition of 1 M NaOH 

was done after 30 drops had been added to membrane 24, in Table 8. Finnpipette was 

used to add 1 M NaOH to those gelatin solutions that needed addition of 1 M NaOH 

for the reminder of the thesis.  

 

4.1.3 Membranes prepared from ac-FSG 

In addition to the membranes in Tables 7 and 8 membranes were also made from 

gelatin from an Icelandic company called Marine Collagen. The gelatin was made from 

Atlantic cod skin and the membranes are listed in Table 9. 

 

Table 9. The ac-FSG membranes with different addition of plasticizers, cross-linkers and base. 

Membrane  ac-FSG 

[g] 

 Additive  Base  pH 

    Sor 

[g] 

Man 

[g] 

FA 

[g] 

TA 

[g] 

 1 M NaOH 

[μL] 

 

27  2  - - - -  -  5.04 

28  2  0.4 - - -  -  4.89 

29  2  - 0.4 - -  -  4.90 

30  2  - - 0.1 -  -  4.14 

31  2  - - - 0.1  380  7.39 

 

In Table 9 ac-FSG membranes 28 and 29 are with plasticizers and ac-FSG 

membranes 30 and 31 are with cross-linker.  

The gelatin from Marine Collagen is part of an experimental batch that failed 

microbiological test. Thought the batch failed in microbiological test no bacterial growth 

was noticed in the ac-FSG membranes four weeks after they were made and placed 

in humidity chamber at 25°C at 60% relative humidity. They were made late in the 

experimental process and not an enough time was to observe them longer. For PSG 

and FSG membranes no bacterial growth was observed during the experiment.  
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The quantity of ac-FSG that could be obtained from Marine Collagen was a 

limiting factor. Therefore, only membranes with 20% w/w ratio relative to gelatin of 

plasticizers were made as well as membranes with 5% w/w ratio relative to gelatin of 

cross-linkers. One membrane was also made without additive as is shown in Table 9. 

The pH of these membranes was measured. Previous experiments with PSG and FSG 

(Table 7 and 8) had indicated that pH might be an important factor.   

When ac-FSG membranes were made there were a few differences compared 

to both PSG and FSG. Even though all membranes were made with 2 g of gelatin more 

material was needed of the ac-FSG compared to both PSG and FSG. Another 

difference was that the ac-FSG was longer to dissolve in water. The ac-FSG also 

floated more on top of the water in the round bottom flask then PSG and FSG. When 

the first ac-FSG membrane was made the gelatin had not completely dissolved after 1 

hour and 10 minutes at 70-75°C and 300 rpm. After 1 hour and 10 minutes the speed 

of the magnetic stirrer was doubled for 20 minutes. After 20 minutes the gelatin had 

dissolved and the speed of the magnetic stirrer was lowered again to 300 rpm and 

stirred for an hour as described in method section (3.3.1.2).  

PSG and FSG both dissolve relative fast when they were mixed with water. All 

of the PSG and FSG used in membrane manufacturing had dissolved within 10 

minutes from the time they came in contact with water.  

 

4.1.4 Drug loaded gelatin membranes   

Table 10 lists the PSG and FSG membranes made with diclofenac sodium salt. 

 

Table 10. Composition of the diclofenac sodium salt loaded PSG and FSG membranes 

containing 50 mg of the drug. 

Membrane  Gelatin  Cross-linker  Base 

  PSG [g] FSG [g]  FA [g] TA [g]  1 M NaOH [µL] 

32  2 -  - -  80 

33  2 -  0.1 -  260 

34  2 -  - 0.1  540 

35  - 2  - -  100 

36  - 2  0.1 -  280 

37  - 2  - 0.1  180 
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When Table 10 is compared to Tables 7 and 8 a difference can be seen by 

adding Na-Diclo. The difference is that for all the membranes in Table 10 it was needed 

to add 1 M NaOH to the solutions. The reason is when Na-Diclo was added to the 

gelatin solution precipitation occurred. In Fig. 3 the precipitation is shown for a 

membrane that is not in Table 10. It is not in Table 10 because it was made to show 

the changes that occurred when Na-Diclo solution was added. All the gelatin solutions 

changed appearance and turned to similar whitish colour as is shown in Fig. 3b) when 

diclofenac was added. With the exception of membranes made with tannic acid 

because precipitation had occurred when tannic acid was added as shown in Fig. 2. 

When Na-Diclo solution was added to gelatin solution that contains tannic acid no 

further addition of 1 M NaOH was needed.  

 

 

Figure 3. Changes of PSG solution after addition of Na-Diclo. a) 2 g PSG dissolved in 40 mL of 
milli-Q water. b) The same gelatin solution as in a) after 50.03 mg of Na-Diclo solution 
had been added to the gelatin solution. c) The solution from b) after 100 µL of 1 M NaOH 
had been added.    

 

Fig. 3 shows how 2 g PSG solution changes after addition of Na-Diclo solution 

and 1 M NaOH. In Fig. 3a) the 2 g PSG solution after it had stirred for an hour at 70-

75°C. Na-Diclo solution was then added slowly to the gelatin solution in Fig. 3a). After 

Na-Diclo addition precipitation occurred and the appearance of the solution changed 

from clear to whitish as figure 3b) shows. The pH of the solutions also changed from 

5.08 to 5.39 after the Na-Diclo solution had been added to the gelatin solution. 100 µL 

of 1 M NaOH was added to the solution and the solution became clear again. With 

addition of 1 M NaOH the pH of the solution changed from 5.39 to 6.50.  

a)    b)    c) 
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In Table 10 there is a big difference between the amount of 1 M NaOH added 

for membranes 34 and 37. The reason is because when tannic acid was added to the 

gelatin solution a lump was formed for membrane 34 but not for membrane 37. More 

NaOH was needed to dissolve the lump and the difference is because of that.  

Table 11 list the three ac-FSG membranes made with Na-Diclo. The same 

happed when Na-Diclo solution was added to ac-FSG as was described for both FSG 

and PSG.  

 

Table 11. The ac-FSG membranes and diclofenac sodium salt with different addition of 
plasticizers, cross-linkers and base. 

Membrane  ac-FSG 

[g] 

 Cross-linker  Base  pH 

    FA [g] TA [g]  1 M NaOH 

[μL] 

 

38  2  - -  120  6.00 

39  2  0.1 -  370  6.02 

40  2  - 0.1  380  7.83 

 

4.1.5 Levofloxacin membrane 

Table 12 lists the PSG and FSG membranes made with levofloxacin. 

 

Table 12. PSG and FSG membranes made with levofloxacin with different addition of plasticizers, 
cross-linkers and base. 

Membrane  Gelatin  Cross-linker  Base  pH 

  PSG 

[g] 

FSG 

[g] 

 FA 

[g] 

TA 

[g] 

 1 M NaOH 

[μL] 

  

41  2 -  - -  -  5.31 

42  2 -  0.1 -  -  4.35 

43  2 -  - 0.1  540  9.93 

44  - 2  - -  -  5.14 

45  - 2  0.1 -  -  4.52 

46  - 2  - 0.1  260  6.77 

 

No membranes were made from ac-FSG with levofloxacin. Because not enough 

material was available of both ac-FSG and levofloxacin to make ac-FSG membranes 
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with levofloxacin. When levofloxacin was added to gelatin solution no precipitation was 

visible as it did with addition of Na-Diclo shown in Fig. 3.  

In Table 12 there was added 580 µL 1 M NaOH for membrane 43 because when 

tannic acid was added to the PSG solution a lump formed. To dissolve the lump more 

1 M NaOH was needed. The formation of the lump explains the different amount 

addition of 1 M NaOH for membranes 43 and 46 in Table 12.  

 

4.1.6 Visual inspection 

After the gelatin solutions (see Tables 7-12) had been poured into a plastic petri dish 

a difference was noticed after the membranes had stood on a table at room 

temperature (RT) overnight. Membranes made with PSG were gel the next morning 

whereas membranes made with FSG and ac-FSG did not gel. Because FSG and ac-

FSG membranes did not gel at RT, a small test was done. One membrane made with 

2 g of FSG and one membrane made from 2 g of ac-FSG were placed in a refrigerator 

for 24 hours at 4°C. After 24 hours the ac-FSG membrane had gelled and was like 

PSG membranes at RT. The FSG membrane was still a liquid and had not gelled. The 

gelling temperature of these two fish skin gelatin membranes appeared not to be the 

same. Because the FSG membrane did not gel at 4°C the gelling temperature of that 

membrane appears to be lower than 4°C. It was not looked any further into the gelling 

temperature of FSG and finding the gelling temperature is not part of this thesis. A 

PSG membrane was not included in this test because it gelled at RT.  

All the membranes (see Tables 7-12) were visually inspected before they were 

but in oven for drying, humidity chamber and before they were used in any experiment. 

When all the membranes were inspected before and after they went into an oven no 

precipitation was visible to the naked eye. After the membranes had been kept in the 

humidity chamber for at least five days they were visually inspected again. In gelatin 

membranes that contained 20% and 30% w/w ratio relative to gelatin for mannitol a 

precipitation in the membranes was visible. They were the only membranes that had 

visible precipitation.  
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4.2 Swelling degree experiment 

4.2.1 PSG membranes 

The swelling degree experiments were done as is described in the method section 

(3.3.2). Swelling degree results for membranes made from PSG are shown Fig. 4 and 

in Table B, in the appendix. The swelling degree values are average for three 

membrane samples and example of how swelling index (SI) was calculated is shown 

in the appendix.  

 

 

Figure 4. Swelling index for PSG membranes. In the figure all PSG membranes are connected to 
the PSG membrane without additives on y-axis. Sor are membranes with sorbitol, Man 
membranes with mannitol, FA membranes with ferulic acid and TA membranes with 
tannic acid. In the figure standard deviation for each membrane is shown.   

 

Fig. 4 shows the swelling index for PSG membrane. All PSG membranes are 

connected to the PSG membrane without additive on the y-axis. As Fig. 4 shows the 

SI for PSG membrane without additive was 735%. Addition of mannitol did not have 

significant effect on the SI compared to PSG membrane without additive. For PSG 

membranes with mannitol the SI was within the range from 695-734%. Addition of 

sorbitol reduced the SI compared to PSG membrane without additive. The SI range for 

sorbitol membranes was 577-659% and for 30% w/w ratio relative to gelatin for sorbitol 

the SI was lowest for all PSG membranes. Addition of ferulic acid to PSG membranes 

increased the SI to 827-849%. Addition of tannic acid decreased the SI and as 

concentration of tannic acid increased, the SI decreased, 642-733%. 
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4.2.2 FSG membranes 

After 24 hours in PBS all the FSG membranes had dissolved. The duration of the 

swelling degree experiment was shortened to 15 minutes to see if the outcome would 

be the same. After 15 minutes all FSG membranes had completely dissolved apart 

from one membrane. That membrane contained tannic acid 5% w/w ratio relative to 

gelatin. One of the three samples tested for that membrane had dissolved while the 

other 2 were not completely dissolved. However it was not possible to measure the 

weight of those two samples with accuracy. Because when the samples were removed 

from the PBS they did not stick together and looked like very wet slime. The resulting 

slime looked nothing like previous PSG membranes after 24 hours in PBS. The PSG 

membranes had the same circular appearance as before they were put in PBS. They 

were in one piece, had not split into fragments, were easy to put on a scale and did 

not stick to the tweezers used to place them on the scale. The same cannot be said 

about the tannic acid membrane samples. The slime did not have circular appearance, 

it broke into fragments when a tweezers was used to transfer it to the scale and the 

fragments stuck to the tweezers. The stuck fragments were difficult to remove from the 

tweezers and not all the slime could be transferred to the scale. Due to these reasons 

it was concluded that it was not possible to weight the slime with any real accuracy 

and the value given would not be comparable to other measurements. Because all 

FSG membranes had dissolved the SI could not be measured. 

 

4.2.3 ac-FSG 

For ac-FSG membranes all membranes had dissolved after 15 minutes except one. 

The membranes that had not dissolved after 15 minutes was membrane 31. Membrane 

31 contains 5% w/w ratio relative to gelatin of tannic acid (100 mg) as a cross-linker 

and it had not dissolved after 24 hours in PBS at RT.  

Fig. 5 shows the effect that placing membrane 31 in PBS for both 15 minutes 

and 24 hours has on the membrane.  
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Figure 5. Samples of ac-FSG membrane that contains 0.1 g tannic acid. a) and b) show the 
membrane samples before they were put in PBS at RT. c) the swelling of samples, 
shown in a), after 15 minutes in PBS. d) the swelling of the samples, in b), after 24 hours 
in PBS at RT.   

 

Fig. 5a) and 5b) shows the circular 12 mm membrane samples and they are all 

the same size. Fig. 5c) show how the membrane samples in Fig. 5a) had swollen after 

15 minutes in PBS at RT. After 15 minutes the SI was 317% (standard deviation was 

1.65). Fig. 5d) shows how the membrane samples in Fig. 5b) had swollen after 24 

hours in PBS at RT. The average SI was 1529% (standard deviation was 7.65).  

The SI was compared to membranes that contained tannic acid 5% w/w ratio 

relative to gelatin. For PSG membrane that would be membrane 12 in Table 7 and 

membrane 25 in Table 8 for FSG membrane. Membrane 25 had dissolved after 24 

hours. For membrane 12 the average SI was 659% as is shown in Table B, in the 

appendix. There was a big difference in SI between the two gelatin membranes. For 

PSG the SI was 659% compared to 1529% for ac-FSG. One difference was that ac-

FSG membrane was like a slime after 24 hours. Whereas the PSG was not like a slime. 

Another difference was that ac-FSG membrane stuck to the paper used to weigh it and 

could not easily be removed. Compared to PSG membrane where it was easy to 

remove the swollen membrane from the paper used to weigh it. The ac-FSG 

membrane also stuck to the tweezers used to move the membrane onto the paper 

while PSG membrane did not. 

The appearance of the membranes after they had been removed from PBS after 

24 hours also differed. Fig. 5 d) shows the appearance of the ac-FSG membrane 

samples after they had been removed from PBS. After 24 hours they did not have 

similar circular appearance as before they were placed in PBS. That was different to 

all PSG membranes that all had clear circular appearance after they had been in PBS 

for 24 hours.  

a)       b) 

       d) 

 

 

c) 
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4.2.4 Diclofenac membranes  

Table 13 shows the results from swelling degree experiment for the PSG, FSG and ac-

FSG membranes with diclofenac. 

 

Table 13. Results from swelling degree experiment for 24 hours in PBS at RT for PSG, FSG and 
ac-FSG membranes with diclofenac.  

Membrane  Thickness [mm]  Swelling index, %  SD 

32  0.144  740  0.364 

33  0.152  742  2.05 

34  0.102  676  0.237 

35  0.182  Dissolved  No data 

36  0.165  Dissolved  No data 

37  0.148  Dissolved  No data 

38  0.144  Dissolved  No data 

39  0.102  Dissolved  No data 

40  0.178  1230  0.678 

 

Addition of Na-Diclo increased the swelling index of both PSG membrane 

without additive and PSG membrane with tannic acid compared to similar membranes 

in Fig. 4. For PSG membrane with ferulic acid the SI was lower for the membrane with 

diclofenac. Diclofenac did not affect the SI of membranes made from FSG because 

they had dissolved after 24 hours in PBS at RT. Nor did it affect the SI of two ac-FSG 

because they had also dissolved. Addition of Na-Diclo did have an effect on the SI for 

ac-FSG membrane with tannic acid. The SI was 1230% with Na-Diclo compared to 

1529% without Na-Diclo. One difference was that membranes that with diclofenac did 

not have as slimy appearance as without diclofenac. They had more circular 

appearance as PSG membranes.  

Shortening the time in PBS to 15 minutes for FSG and ac-FSG membranes did 

not change the outcome from Table 13 apart from membrane 40. The SI for membrane 

40 was 344% (standard deviation was 1.273). The SI for ac-FSG membrane was 

higher with Na-Diclo compared to similar ac-FSG membrane without Na-Diclo (344% 

compared to 317%).  
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4.2.5 Levofloxacin membranes 

Table 14 shows the results from swelling degree experiment for PSG and FSG 

membranes with levofloxacin. 

 

Table 14. Results from swelling degree experiment for 24 hours in PBS at RT for PSG and FSG 
membranes with levofloxacin. 

Membrane  Thickness [mm]  Swelling index, %  SD 

41  0.144  798  0.825 

42  0.178  770  0.705 

43  0.093  744  0.168 

44  0.169  Dissolved  No data 

45  0.161  Dissolved  No data 

46  0.148  Dissolved  No data 

 

Addition of levofloxacin increased the SI of both PSG membrane without additive 

and PSG membrane with tannic acid compared to similar membranes in Fig. 4. For 

PSG membrane with ferulic acid the SI was lower for the membrane with addition of 

levofloxacin. Levofloxacin did not affect the SI of FSG membranes because they had 

dissolved after 15 minutes in PBS at RT. Comparing Tables 13 and 14 shows that PSG 

membranes with levofloxacin had higher SI than PSG membranes with Na-Diclo.  

 

4.3 Solubility  

4.3.1 PSG membranes 

Solubility of the membranes was tested as described in the method section (3.3.3). 

Results from solubility experiments for PSG membranes are shown in Fig. 6 and Table 

D, in the appendix. In the appendix example of how solubility value was calculated is 

shown. 
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Figure 6. The solubility of PSG membranes. In the figure all PSG membranes are connected to 
the PSG membrane without additive on y-axis. Sor are membranes with sorbitol, Man 
membranes with mannitol, FA membranes with ferulic acid and TA membranes with 
tannic acid. In the figure standard deviation for each membrane is shown.  

  

All PSG membranes are connected to the PSG membrane without additive on 

the y-axis in Fig. 6. Addition of plasticizers yielded solubility values that were higher 

than PSG membrane without plasticizers. Sorbitol 30% w/w ratio relative to gelatin had 

the highest solubility value of all the PSG membranes. For PSG membranes with 

mannitol the solubility values were higher for PSG membrane made with 0.4 g than 0.2 

g mannitol. For PSG membrane made with 0.6 g of mannitol the solubility was lower 

than for membrane made with 0.4 g mannitol but higher than membrane made with 0.2 

g mannitol. 

Fig. 6 shows that the solubility of PSG membranes with ferulic acid was higher 

than PSG membrane without additive. As the concentration of ferulic acid increases 

so did the solubility from 11.0% to 16.3%. For PSG membranes made with tannic acid 

lowest concentration had less solubility than PSG membrane without additive 3.27% 

compared to 10.8%. The solubility for other two concentrations was higher than for 

PSG membrane without additive. The PSG membrane with 0.1 mg tannic acid had 

higher solubility value than membrane with 0.2 g tannic acid.   

 

4.3.2 FSG membranes 

All the membranes made from FSG had dissolved after 24 hours on shaker in PBS at 

RT. The solubility was tested for 15 minutes on a shaker in PBS at RT. After 15 minutes 
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all the membranes had also dissolved. The shortened solubility test was performed as 

described in the method section (3.3.3).  

 

4.3.3 ac-FSG membranes 

After 24 hours on a shaker in PBS all ac-FSG membranes had dissolved except one. 

The only membrane that had not dissolved was membrane 31, (see Table 9). 

Membrane 31 was made with 100 mg of tannic acid and the solubility was 34.8% (SD 

was 0.179) after 24 hours. The duration of the membranes on the shaker in PBS was 

shortened to 15 minutes at RT. That did not change the outcome for ac-FSG 

membranes apart from the membrane 31. The solubility was lower, 4.47% (SD was 

0.023) compared to 34.8%. That was the only difference between the two solubility 

tests. Compared to similar PSG membrane, membrane 12 in Table D, the solubility of 

the ac-FSG was higher than PSG membrane after 24 hours in PBS on a shaker at RT. 

The solubility of membrane 31 was 34.8% compared to 26.3% for membrane 12. 

   

4.3.4 Diclofenac membranes 

In Table 15 the solubility of membranes made with Na-Diclo is shown after 24 hours in 

PBS on a shaker at RT.  

 

Table 15. The results from solubility experiment for 24 hours in PBS on a shaker at RT for all 
gelatin membranes with Na-Diclo.  

Membrane  Solubility, %  SD 

32  8.47  0.033 

33  11.6  0.102 

34  11.9  0.042 

35  Dissolved  No data 

36  Dissolved  No data 

37  Dissolved  No data 

38  Dissolved  No data 

39  Dissolved  No data 

40  32.7  0.020 

 

Table 15 was compared to similar membranes to seen what impact Na-Diclo 

had on the solubility. Addition of Na-Diclo lowered the solubility of all the PSG 
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membranes and ac-FSG membrane with tannic acid. The effect that Na-Diclo had on 

solubility of the other two ac-FSG membranes and all FSG membranes is not known 

because the membranes had dissolved.   

The solubility of the FSG and ac-FSG membranes was tested for 15 minutes in 

PBS on a shaker at RT. Shorting the time did not change the outcome from Table 15. 

All membranes apart from membrane 40 had dissolved after 15 minutes. The solubility 

of membrane 40 after 15 minutes was 5.78% (SD was 0.014). The solubility after 15 

minutes for membrane 40 was higher than for membrane 31, 5.78% compared to 

4.47%. 

 

4.3.5 Levofloxacin membranes 

The results from the solubility test for membranes made with levofloxacin are shown 

in Table 16. 

 

Table 16. The results from solubility experiment for 24 hours in PBS on a shaker at RT for PSG 
and FSG membranes with levofloxacin. 

Membrane  Solubility, %  SD 

41  11.5  0.027 

42  14.3  0.040 

43  7.49  0.059 

44  Dissolved  No data 

45  Dissolved  No data 

46  Dissolved  No data 

 

For FSG membranes with levofloxacin all the membranes had dissolved after 

15 minutes. By adding levofloxacin to PSG membranes, the solubility was affected. 

For both PSG membrane without additive and PSG membrane with 0.1 g ferulic acid 

the solubility increased compared to both membranes with diclofenac and without both 

diclofenac and levofloxacin. PSG membrane with tannic acid and levofloxacin had 

lower solubility than both PSG membranes with tannic acid with and without addition 

of Na-Diclo.  
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4.4 Mechanical properties 

4.4.1 Membrane preparation 

All membranes were made as described in the method section (3.3.4). The amount of 

gelatin used to make the membranes had to be reduced. TA.XT2i texture analyzer 

could not break membranes if 2 g of gelatin had been used therefore 300 mg of gelatin 

were used instead. 

Table 17 shows the membranes made form PSG and FSG for mechanical 

properties test. 
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Table 17. The PSG and FSG membranes with different addition of plasticizers, cross-linkers and 
base for mechanical properties experiment. 

Membrane  Gelatin  Additive  Base  pH 

  PSG 

[mg] 

FSG 

[mg] 

 Sor 

[mg] 

Man 

[mg] 

FA 

[mg] 

TA 

[mg] 

 1 M NaOH 

[μL] 

 

47  300 -  - - - -  -  5.30 

48  300 -  30 - - -  -  5.22 

49  300 -  60 - - -  -  5.34 

50  300 -  90 - - -  -  5.27 

51  300 -  - 30 - -  -  5.22 

52  300 -  - 60 - -  -  5.38 

53  300 -  - 90 - -  -  5.34 

54  300 -  - - 6.0 -  -  4.82 

55  300 -  - - 15 -  -  4.48 

56  300 -  - - 30 -  -  4.09 

57  300 -  - - - 6.0  20  7.99 

58  300 -  - - - 15  30  8.40 

59  300 -  - - - 30  60  7.25 

60  - 300  - - - -  -  4.85 

61  - 300  30 - - -  -  4.85 

62  - 300  60 - - -  -  4.87 

63  - 300  90 - - -  -  4.85 

64  - 300  - 30 - -  -  4.85 

65  - 300  - 60 - -  -  4.81 

66  - 300  - 90 - -  -  4.95 

67  - 300  - - 6.0 -  -  4.65 

68  - 300  - - 15 -  -  4.42 

69  - 300  - - 30 -  -  4.16 

70  - 300  - - - 6.0  40  8.00 

71  - 300  - - - 15  60  6.98 

72  - 300  - - - 30  60  6.67 
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Table 18 shows ac-FSG membranes for mechanical properties test. 

 

Table 18. The ac-FSG membranes with different addition of plasticizers, cross-linkers and base 
for mechanical properties experiment. 

Membrane  ac-FSG 

[mg] 

 Additive  Base  pH 

    Sor 

[mg] 

Man 

[mg] 

FA 

[mg] 

TA 

[mg] 

 1 M NaOH 

[μL] 

 

73  300  - - - -  -  4.96 

74  300  60 - - -  -  5.06 

75  300  - 60  - -  -  5.01 

76  300  - - 15 -  -  4.21 

77  300  - - - 15  50  7.26 

 

Mechanical properties of membranes made with levofloxacin were not tested. 

Not enough amount of levofloxacin was present to make membranes for mechanical 

properties test. Membranes made for mechanical properties tests were made late in 

the experimental process. When it was discovered that not enough levofloxacin was 

present to make new membranes with levofloxacin it was late in the experimental 

process. Therefore, it was not enough time to order more levofloxacin, make new 

membranes and test them before the deadline of the thesis.   

 

4.4.2 PSG and FSG membranes  

The results from the tensile strength experiment for PSG membranes are shown in 

Fig. 7 and Table G, in the appendix. 
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Figure 7. Tensile strength for all PSG membranes. In the figure all PSG membranes are 
connected to the PSG membrane without additive on y-axis. Sor are membranes with 

sorbitol, Man membranes with mannitol, FA membranes with ferulic acid and TA 
membranes with tannic acid. In the figure standard deviation for each membrane is 

shown.   

 

All PSG membranes are connected to the PSG membrane without additive on 

the y-axis in Fig. 7. For PSG membranes with sorbitol TS increased for 10% and 20% 

w/w ratio relative to gelatin compared to membrane without any additive. For 

membrane with sorbitol 30% w/w ratio relative to gelatin the TS was similar to PSG 

membrane without additive. Addition of mannitol 10% w/w ratio relative to gelatin 

increased the TS. As concentration of mannitol increased the TS was similar to 

membrane without additive. The TS for PSG membranes with ferulic acid decreased 

as the concentration increased. Addition of tannic acid increased the TS. One 

difference was in the drying of the PSG membrane with tannic acid 10% w/w ratio 

relative to gelatin. The membrane was dried at RT instead of in an oven at 80°C. This 

change in manufacturing could have influenced the TS of the membrane. 

Fig. 8 and Table G, in the appendix, show the result for TS for FSG membranes. 
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Figure 8. Tensile strength for FSG membranes. In the figure Sor are membranes with sorbitol, 
Man membranes with mannitol and TA membrane with tannic acid. In the figure 

standard deviation for each membrane is shown. 

 

As can be seen in Fig. 8 it contains fewer values than Fig. 7. The TS of FSG 

membranes with mannitol decreases as the concentration of mannitol increases. For 

membranes made with sorbitol the TS increased from 14.2 MPa to 24.1 MPa for FSG 

membranes made with sorbitol 10%, and 20% w/w ratio relative to gelatin. For the FSG 

membrane with highest concentration of sorbitol the TS decreased to 17.4 MPa. In the 

Fig. 8 one membrane with tannic acid 2% w/w ratio relative to gelatin is also shown. 

These 7 membranes are all the FSG membranes that an outcome from TS experiment 

could be available. The values are fewer than in Fig. 7 and also fewer than listed in 

membranes made for mechanical experiment in Table 17. It is due to two reasons 

membranes were unusable and technical failure.  

Table I, in the appendix, lists membranes that were made for mechanical 

properties test. After 5 days in the humidity chamber these membranes were unusable 

because they had for cracks in them. After 8 FSG membranes had been put in an oven 

for drying were unusable the process was reconsidered. Instead of drying the 

membranes for mechanical test in an oven they were instead dried at RT for two days 

and then put in a humidity chamber for 5 days. All FSG membranes except membranes 

with sorbitol 20%, and 30% w/w ratio relative to gelatin were dried at RT. These two 

FSG membranes were not dried at RT because first the all FSG membranes were 

dried in an oven. After 5 days in the humidity chamber all FSG membranes were 

unusable except these two sorbitol membranes.  
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New FSG membranes were made and they are listed in Table 17. When 

intended was to test them for mechanical properties the TA.XT2i texture analyzer had 

broken down. Despite attempts to fix the TA.XT2i texture analyzer it could not be fixed 

before the deadline of the thesis. Therefore no data could be gotten for FSG 

membranes made ferulic acid, two concentration of tannic acid and FSG membrane 

without additive.  

Fig. 9 and 10 show how membranes looked like after 5 days in humidity 

chamber that were unusable.  

 

 

Figure 9. Membranes that were unusable.  a) A membrane made from 300 mg FSG in a petri 
dish. In the figure a black rectangular was added to indicate a section of the 

membrane for a closer view. b) The rectangular marked in the membrane in a) shows 
how the membrane was all covered in cracks after it had been in a humidity chamber 
for 5 days. c) A membrane made from 300 mg of FSG and 30 mg ferulic acid that was 
unusable for mechanical properties experiment. After 5 days in humidity chamber the 

membrane had cracks and some parts of it were not connected together.   

 

Fig. 9 shows two membranes that could not be used for mechanical properties 

experiments. In Fig. 9 a) a membrane made from 300 mg FSG is shown, membrane 

60 in Table 17. The membrane was dried at room temperature and after 5 days in 

humidity chamber the membrane was as shown in 9 a). Fig. 9 a) was all covered in 

small cracks and when it was carefully attempted to remove it from the petri dish it 

broke in small pieces. A black rectangular was added to Fig. 9 a) to show closer view 
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of the small cracks. Fig. 9 b) shows the rectangular in Fig. 9 a) and it shows these 

cracks. In Table I, in the appendix, 3 other FSG membranes listed are and they all had 

the same appearance as shown in Fig. 9. Despite the fact that the drying method was 

not the same. 2 membranes were dried in an oven and 1 membrane was dried at RT. 

Fig. 9 c) shows a membrane made from 300 mg of FSG and 30 mg ferulic acid after it 

had dried at RT and after 5 days in humidity chamber. As Fig. 9 c) shows the 

membrane was cracked and it also had broken into pieces. The number of cracks were 

fewer than in Fig. 9 a) but due to the cracks the membrane could not be used to test 

the mechanical properties. 

 

 

Figure 10. Additional membranes that were unusable.a) A membrane made from 300 mg PSG 
and 30 mg tannic acid. After 5 days in a humidity chamber the membranes was all 

covered in cracks and ruined as the figure shows. b)  Membrane made from 300 mg 
FSG, 15 mg tannic acid and 7.5 mg diclofenac sodium salt after 5 days in humidity 

chamber.  

 

Fig. 10 shows two other membranes that could not be used for mechanical 

properties experiments after 5 days in humidity chamber. In Fig. 10 a) a membrane 

made from 300 mg PSG and 30 mg tannic acid is shown. Fig. 10 b) shows a membrane 

made from 300 mg FSG, 15 mg tannic acid and 7.5 mg diclofenac sodium salt. Both 

membranes in Fig. 10 were dried in an oven and after 5 days in humidity chamber they 

looked as shown in the figure. As Fig. 10 shows both membranes looked similar when 

they were taken out of the humidity chamber. They both had small cracks, had broken 

into pieces and when attempted was to remove them from the petri dish the 

membranes broke into further pieces. All the membranes listed in Table I, in the 

appendix, had faults that were similar to those shown in Fig. 9 and 10.    
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Only one PSG membrane in Table 17 was dried at RT and that was membrane 

with sorbitol 30% w/w ratio relative to gelatin (membrane 66). Membranes made from 

ac-FSG in Table 18 were all dried at RT. While all membranes made with diclofenac 

were dried in an oven for 24 hours. Membranes with diclofenac are shown in Table F, 

in the appendix. They could not be tested due to the mechanical failure of the TA.XT2i 

texture analyzer and therefore no data is available for those membranes. 

 

4.4.3 ac-FSG membranes 

Fig. 11 and Table J, in the appendix, shows results for tensile strength for ac-FSG 

membranes. 

 

Figure 11. Tensile strength for ac-FSG membranes. In the figure all ac-FSG membranes are 
connected to the FSG membrane without additive on y-axis. Sor are membranes with 
sorbitol, Man membranes with mannitol and FA membranes with ferulic acid. In the 

figure standard deviation for each membrane is shown.   

 

As Fig. 11 shows adding a cross linker increases the TS of ac-FSG membrane. 

For ac-FSG membrane with sorbitol the TS was slightly lower than without sorbitol. 

Addition of mannitol decreased the TS more than sorbitol. Missing in Fig. 11 is a 

membrane made with tannic acid when it was taken out of the humidity chamber it was 

unusable and looked like the membranes shown in Fig. 10. 
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4.5 Percent elongation 

4.5.1 PSG and FSG membrane 

The results from the percent elongation experiment for PSG membranes are shown in 

Fig. 12 and Table G, in the appendix. 

 

 

Figure 12. Percent elongation for PSG membranes. In the figure all PSG membranes are 
connected to the PSG membrane without additive on y-axis. Sor are membranes with 

sorbitol, Man membranes with mannitol, FA membranes with ferulic acid and TA 
membranes with tannic acid. In the figure standard deviation for each membrane is 

shown.   

 

All PSG membranes are connected to the PSG membrane without additive on 

the y-axis in Fig. 12. Addition of plasticizers increased the PE of all the PSG 

membranes as Fig. 12 shows. Similar values were for both plasticizers for the lower 

two concentrations. For the highest concentration there was a big difference between 

the two plasticizers. For the highest concentration of sorbitol, the PE increased from 

4.05% to 26.67% and for one membrane sample the sample did not break during the 

test. For PSG membrane with mannitol the PE decreased from 3.82% to 2.01%. 

Addition of both cross-linkers had similar values and yielded an increase in PE. The 

PE for cross-linkers were similar to the lowest concentration of plasticizers.  

The results from the percent elongation experiment for FSG membranes are 

shown in Fig. 13 and Table G, in the appendix. 
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Figure 13. Percent elongation for FSG membranes. In the figure Sor are membranes with 
sorbitol, Man membranes with mannitol and TA membrane with tannic acid. In the 

figure standard deviation for each membrane is shown. 

 

Fig. 13 contains fewer values than Fig. 12 due the same reasons as discussed 

for TS experiment for Fig. 7 and 8. Similar values were for both plasticizers for the 

10%, and 20% w/w ratio relative to gelatin. For plasticizers with 30% w/w ratio relative 

to gelatin there was a difference in PE values. PE for mannitol decreased, from 5.19% 

to 2.58%, while PE for sorbitol increased from 5.12% to 23.7%. For one FSG 

membrane sample with sorbitol 30% w/w ratio relative to gelatin the membrane sample 

did not break during the test. For FSG membrane with mannitol 30% w/w ratio relative 

to gelatin it was noted that it was very fragile and much more fragile than the other 

membranes with plasticizers. In Fig. 13 one membrane with tannic acid 2% w/w ratio 

relative to gelatin is also shown and the value was similar to the lower two 

concentration of the plasticizers. These 7 membranes are all the FSG membranes that 

an outcome from PE experiment could be available.  

 

4.5.2 ac-FSG membrane 

Fig. 14 and Table J, in the appendix, shows results for percent elongation for ac-FSG 

membranes. 
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Figure 14. Percent elongation for ac-FSG membranes. In the figure all ac-FSG membranes are 
connected to the FSG membrane without additive on y-axis. Sor are membranes with 
sorbitol, Man membranes with mannitol and FA membranes with ferulic acid. In the 

figure standard deviation for each membrane is shown.   

 

As Fig. 14 shows addition of ferulic acid and mannitol did not have significant 

effect on PE. Addition of sorbitol increased the PE from 5.38% to 26.8%. Missing in 

Fig. 14 is a membrane made with tannic acid because after the membrane was 

unusable.  

 

4.5.3 Comparison of PSG, FSG and ac-FSG membranes 

For membranes without additive the ac-FSG membrane had both higher TS and PE 

than PSG membrane. No comparison is possible to FSG membrane because no data 

was available for it. Membranes with sorbitol 20% w/w ratio relative to gelatin the TS 

was highest for PSG membrane 64.9 MPa, for ac-FSG membrane the TS was 40.7 

MPa and for FSG membrane the TS was 24.1 MPa. PE for ac-FSG was 26.81%, for 

FSG 5.12% and 4.05% for PSG.  Membranes with mannitol 20% w/w ratio relative to 

gelatin the TS was highest for PSG membrane, 33.5 MPa. FSG membrane had TS 

that was a little bit higher than ac-FSG membrane 27.6 MPa compared to 27.3 MPa. 

The PE was highest for ac-FSG 5.38%, followed by FSG membrane with 5.19% and 

PSG membrane had the lowest PE value 3.82%. 

The TS for membrane with ferulic 5% w/w ratio relative to gelatin was higher for 

ac-FSG, 65.9 MPa, than for PSG membrane 26.2 MPa. No data was available for FSG 

membrane. The PE was a little bit higher for ac-FSG membrane than PSG membrane, 
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5.66% compared to 5.22%. For membranes made with tannic acid 5% w/w ratio 

relative to gelatin comparison between gelatins is not possible. Because no data was 

available for both FSG and ac-FSG membranes. 

 

4.6 Drug release 

Drug release experiment was performed as described in the method section (3.3.5). 

Twelve standards were prepared for both diclofenac and levofloxacin. Fig. 15 shows 

standard curve for diclofenac for 12 standards where the concentration of the 

standards was from 0.477-0.000233 mg/mL. 

 

 

Figure 15. Standard curve for diclofenac. 

 

The standards for diclofenac were made from 2.56 mg of Na-Diclo that was 

dissolved in PBS solution in a 5 mL volumetric flask. The molar mass of Na-Diclo is 

318.13 g/mol but the molar mass for pure diclofenac is 296.148 g/mol. The mass of 

diclofenac used was found using the following calculation 

Mass diclofenac =
296.148 

g
mol

318.13 
g

mol

× 2.56 mg = 2.38 mg 

To find the concentration of diclofenac the following calculation was done. 

Concentration diclofenac =
2.38 mg

5 mL
= 0.477 

mg

mL
 

From this standard, 11 additional standards were made as described in the 

method section (3.3.6). 
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Fig. 16 shows a standard curve for levofloxacin for 12 standards where the 

concentration of the standards was from 0.202-0.0000986 mg/mL. 

 

 

Figure 16. Standard curve for levofloxacin. 

 

High-performance liquid chromatography (HPLC) was performed as described 

in the method section (3.3.6). Fig. 17 shows a diclofenac peak for a standard made 

from Na-Diclo from the software Chromeleon 7.2.9.  

 

 

Figure 17. Diclofenac peak from HPLC analysis of a diclofenac standard.  
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The retention time for diclofenac was 2.1 minutes as shown in Fig. 17. Fig. 18 

shows a levofloxacin peak from a HPLC analysis for levofloxacin standard from the 

software Chromeleon 7.2.9. In Fig. 18 the retention time for levofloxacin was 2.3 

minutes.  

 

 

Figure 18. Levofloxacin peak from HPLC analysis of a levofloxacin standard.  

 

4.6.1 Diclofenac 

Fig. 19 shows the results from HPLC analysis for PSG membrane with diclofenac. 

 

 

Figure 19. Results from HPLC analysis for PSG membrane with diclofenac. 
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From Fig. 19 the total drug release appears to have been after 300 minutes and 

the concentration was 0.027 mg/mL. In Fig. 19 the time a sample was taken in a Franz 

cell is on the x-axis in minutes (min) and concentration is on the y-axis. The standard 

deviation is shown in the Fig. 19. Table 19 shows all the results from HPLC analysis 

for membranes made with diclofenac. The number of the membranes refers to the 

membranes in Tables 10 and 11. In Table 19 there is reference to the figures were the 

drug release was read from, Fig. A-H are shown in the appendix.  

 

Table 19. The results from HPLC analysis for PSG, FSG and ac-FSG membranes with diclofenac.  

Membrane  Time of total drug release 

[min] 

 Concentration 

[mg/mL] 

 Figure 

32  300   0.027   19 

33  220  0.022   A 

34  240  0.028   B 

35  45  0.031   C 

36  40   0.030   D 

37  40   0.026   E 

38  40   0.027   F 

39  55   0.037   G 

40  360   0.057   H 

 

There was notable difference between the appearance of the membranes after 

they had been put in Franz cells and all the samples taken. All the PSG membranes 

had swollen and none had dissolved. While the FSG membranes had all dissolved and 

in some cases the membrane sample had dissolved beyond the 9 mm diameter of the 

Franz cell. The ac-FSG membranes had dissolved apart from ac-FSG membrane with 

tannic acid. After 6 hours that membrane had swollen but not dissolved as other ac-

FSG membranes.    

 

4.6.1.1 PSG membrane 

Fig. 20 shows all the results from HPLC analysis for all three PSG membranes with 

diclofenac. 
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Figure 20. The results for all PSG membranes with diclofenac. The numbers 32, 33 and 34 refer 
to number of the membrane in Table 10. 

 

In Fig. 20 the numbers 32, 33 and 34 refers to the numbers of membranes in 

Table 10. As both Table 19 and Fig. 20 show that adding a cross-linker has an effect 

on drug release of diclofenac. By adding ferulic acid to PSG, membrane 33, the 

concentration of diclofenac decreased compared to PSG without cross-linker, 

membrane 32. Addition of tannic acid only slightly increased the release of diclofenac, 

membrane 34 compared to membrane 32. 

 

4.6.1.2 FSG membrane 

Fig. 21 shows the results from HPLC analysis for all three FSG membranes with 

diclofenac. 
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Figure 21. The results for all FSG membranes with diclofenac. The numbers 35, 36 and 37 refer 
to number of the membrane in Table 10. 

 

In Fig. 21 the numbers 35, 36 and 37 refer to the numbers of membranes in 

Table 10. As Table 19 and Fig. 21 show that addition of a cross-linker has an effect on 

drug release of diclofenac. By adding ferulic acid to FSG, membrane 36, the 

concentration of diclofenac slightly decreased compared to FSG without a cross-linker, 

membrane 35. Addition of tannic acid decreased the release of diclofenac, membrane 

37 in Fig. 21 compared to membrane 35. 

For some membranes the samples had dissolved beyond the  9 mm diameter 

of the Franz cells and it is likely the cause of the rise in concentration for the last two 

samples for membrane 35 in Fig. 21. After 3 hours almost all the membrane samples 

for membrane 35 had dissolved also beyond the 9 mm diameter of the Franz cell. The 

same also happened to membranes 38 and 39 shown in Fig. 22. 

 

4.6.1.3 ac-FSG membranes 

Fig. 22 shows the results from HPLC analysis for all three membranes made from ac-

FSG with diclofenac. 
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Figure 22. The results for all ac-FSG membranes with diclofenac. The numbers 38, 39 and 40 
refer to number of the membrane in Table 11. 

 

In Fig. 22 the numbers 38, 39 and 40 refer to the numbers of membranes in 

Table 11. Table 19 and Fig. 22 both show that adding a cross-linker has an effect on 

drug release of diclofenac. By adding ferulic acid to ac-FSG, membrane 39, the 

concentration of diclofenac decreased compared to ac-FSG without cross-linker, 

membrane 38. Addition of tannic acid had greater effect on the release of diclofenac, 

membrane 40 compared to membrane 38. Tannic acid increased the concentration of 

diclofenac from 0.027 mg/mL to 0.057 mg/mL. Tannic acid also had an effect on 

duration of diclofenac release as both Fig. 22 and Table 19 show. For membrane 40, 

with tannic acid, the duration was 360 minutes compared to 40 minutes for membrane 

38 and 55 minutes for membrane 39. Because membrane 40 had not dissolved after 

24 hours samples were taken as it were a PSG membrane. Therefore, differ the 

number of samples between the membranes in Fig. 22.  

 

4.6.1.4 Comparison 

Comparing diclofenac release for PSG, FSG and ac-FSG shows that concentration 

was highest for ac-FSG membrane with tannic acid 5% w/w ratio relative to gelatin or 

0.057 mg/mL. Second highest was ac-FSG membrane with ferulic acid 5% w/w ratio 

relative to gelatin, 0.037 mg/mL as shown in Table 19. FSG membrane without cross-

linkers had the highest concentration of diclofenac release of the three gelatins without 

cross-linkers. The concentration of diclofenac release was the same for PSG and ac-

FSG without cross-linkers. ac-FSG had the highest concentration of diclofenac relese 
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for both cross-linkers. For membranes with ferulic acid FSG membrane had the second 

highest concentration and PSG membrane the lowest. For membranes with tannic acid 

FSG membrane had the lowest and PSG membrane the second highest concentration. 

FSG membranes had the shortest duration of the three gelatins for both cross-

linkers. ac-FSG had shorter duration than FSG for membranes without cross-linkers 

as shown in Table 19. ac-FSG membrane with tannic acid 5% w/w ratio relative to 

gelatin had the longest duration for drug release of all the membranes in table 19.   

 

4.6.2 Levofloxacin 

Fig. 23 show the results from HPLC analysis for membrane made from PSG and 

levofloxacin. 

 

 

Figure 23. Results from HPLC analysis for PSG membrane and levofloxacin. 

 

From Fig. 23 it appears that all the drug had been released after 300 minutes 

and the concentration was 0.124 mg/mL. Table 20 shows the results from HPLC 

analysis for membranes made from PSG and FSG with levofloxacin and Fig. I-M are 

shown in the appendix. 
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Table 20. The results from HPLC analysis for PSG and FSG membranes with levofloxacin. 

Membrane  Time of total drug release 

[min] 

 Concentration 

[mg/mL] 

 Figure 

41  300  0.124  23 

42  300  0.144  I 

43  300  0.050  J 

44  35  0.125  K 

45  45  0.105  L 

46  55  0.121  M 

 

4.6.2.1 PSG membrane 

Fig. 24 shows the results from HPLC analysis for all three PSG membranes with 

levofloxacin. 

 

 

Figure 24. The results for all PSG membranes with levofloxacin. The numbers 41, 42 and 43 
refer to number of the membrane in Table 12. 

 

In Fig. 24 the numbers 41, 42 and 43 refers to the numbers of membranes in 

Table 12. Both Table 20 and Fig. 24 show that adding cross-linker has an effect on the 

drug release of levofloxacin. By adding ferulic acid to PSG, membrane 42, the 

concentration of levofloxacin increased compared to PSG membrane without cross-

linker, membrane 41. Addition of tannic acid decreased the release of levofloxacin, 

membrane 43 compared to membrane 41. 
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4.6.2.2 FSG Membrane 

Fig. 25 shows the results from HPLC analysis for all FSG membranes with levofloxacin. 

 

 

Figure 25. The results for all FSG membranes with levofloxacin. The numbers 44, 45 and 46 
refer to number of the membrane in table 12. 

 

In Fig. 25 the numbers 44, 45 and 46 refers to the numbers of membranes in 

Table 12. Table 20 and Fig. 25 show that adding cross-linker has an effect on the drug 

release of levofloxacin. By adding cross-linkers the time of total drug release 

increased. Addition of cross-linkers decreased the concentration of levofloxacin. The 

concentration was lowest after ferulic acid had been added to FSG, membrane 45. 

Addition of tannic acid slightly decreased the release of levofloxacin, membrane 46 

compared to FSG membrane without cross-linker, membrane 44. 

All FSG membranes with levofloxacin had dissolved after 3 hours in the Franz 

cells. Dissolution of membranes beyond the diameter of the Franz cells also happened 

to FSG membranes with levofloxacin. That is more of the membranes had dissolved 

than what the 9 mm diameter of the Franz cell. Resulting in increase in concentration 

as can be seen for example for membrane 46 (Fig. 25).  

Table 20 shows that PSG membrane with tannic acid had the lowest 

concentration of levofloxacin (membrane 43) but PSG membrane with ferulic acid had 

the highest concentration of levofloxacin (membrane 42). FSG membrane without 

cross-linker had similar concentration of levofloxacin as similar PSG membrane 

(membranes 44 and 41). FSG membrane with tannic acid had higher concentration 

compared to similar PSG membrane (membranes 46 and 43), 0.121 mg/mL compared 
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to 0.050 mg/mL. PSG membrane with ferulic acid had higher concentration of 

levofloxacin compared to similar FSG membrane (membranes 42 and 45), 0.144 

mg/mL compared to 0.105 mg/mL. 

 

4.7 Antimicrobial activity 

Antimicrobial activity test was done as 

described in the method section (3.3.7). 

Fig. 26 shows how the Mueller Hilton agar 

(MHA) looked before it was placed in 

incubator at 36°C for 18 hours. In Fig. 26  

a paper disc with gentamicin is shown as 

well as two 12 mm in diameter circular 

PSG membrane samples. One sample of 

a PSG membranes with 50 mg of 

levofloxacin was made and the other PSG 

membrane was made without additive. 

Similar FSG membranes were also tested. 

Two bacteria were used one was a Gram-

positive Staphylococcus aureus (S. 

aureus) ATCC29213 and the other was Gram-negative-bacteria Escherichia coli (E. 

coli) ATCC25922. After 18 hours in incubator at 36°C the 4 MHA membranes 

appearance had changed as shown in Fig. 27. 

 

 

 

Figure 26. MHA with 2 PSG membranes and 
gentamicin disc before the MNA was 
placed in an incubator for 18 hours at 
36°C. 
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Figure 27. MHA after 18 hours in incubation chamber at 18°C. In a)-d) the paper disc shown 
was a gentamicin antimicrobial susceptibility disc. a) PSG membranes and gentamicin 
disc on MHA inoculated with E. coli. b) FSG membranes and gentamicin disc on MHA 
inoculated with E. coli. c) PSG membranes and gentamicin disc on MHA inoculated 
with S. aureus. d) FSG membranes and gentamicin disc on MHA inoculated with S. 

aureus. 

 

Fig. 27 shows the 4 MHA petri dishes 18 hours after samples had been placed 

incubator at 36°C. All the membrane samples placed on the MHA had dissolved after 

18 hours as shown in Fig. 27. Fig. 27 a) and b) show MHA inoculated with E. coli and 

Fig. 27 c) and d) shows MHA inoculated with S. aureus. In both Fig. 27 a) and c) PSG 

membranes were tested as well as gentamicin standard paper disc. Fig. 27 b) and d) 

both show FSG membranes as well as gentamicin standard paper disc. As Fig. 27 

shows both PSG and FSG membrane without levofloxacin had no antibacterial activity 

against either E. coli and S. aureus. Both PSG and FSG membrane with levofloxacin 

as well as gentamicin standard showed activity against both bacteria. 
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The diameter of bacteria free circular shape around the place were either 

sample of membrane or paper disc was placed measured with a ruler. This circular 

shape is visible in Fig. 27. The results are shown in Table 21.  

 

Table 21. Results from antibacterial activity test. In the table there is reference to Fig. 27 to 
show the appearance of the membrane after 18 hours in incubator. Levo is short for 

levofloxacin 

Bacteria  PSG 

[mm] 

 PSG with 

Levo 

[mm] 

 FSG 

[mm] 

 FSG with 

Levo 

[mm] 

 Gentamicin 

disc [mm] 

 Fig. 

27 

E. coli  -  46  -  -  27  a) 

E. coli  -  -  -  47  27  b) 

S. aureus  -  46  -  -  27  c) 

S. aureus  -  -  -  46  27  d) 

 

For gentamicin paper dics the same diameter was for both bacteria 27 mm. Both 

FSG and PSG membranes with levofloxacin had the same diameter 46 mm for S. 

aureus. For E. coli the results were almost the same 47 mm for FSG membrane with 

levofloxacin compared to 46 mm for PSG membranes with levofloxacin. The diameter 

was greater for both PSG and FSG membrane with levofloxacin than the gentamicin 

paper disc. In this comparison it needs to be taken into account that membranes 

samples were 12 mm compared to 6 mm for gentamicin. If the diameter of the bacteria 

free zone is divided by the original sample than the outcome for gentamicin was 4.5 

and for 46 mm diameter the outcome was 3.8 (47 mm diameter was 3.9). Therefore, 

had the gentamicin disc greater antimicrobial activity than gelatin membrane samples.  
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5 DISCUSSION 

Gelatin membranes were made with three different types of gelatins with or without 

additives. After 5 days in a humidity chamber, their appearance was not the same. 

Membranes with mannitol had visible precipitation while other membranes did not. 

There was a difference in the amount of precipitation based on the concentration of 

mannitol. For gelatin membranes with mannitol 10% w/w ratio relative to gelatin, no 

precipitation was visible. Gelatin membranes with mannitol 20% w/w ratio relative to 

gelatin had visible spots of precipitation but it was not over the majority of the 

membrane. Gelatin membranes with mannitol 30% w/w ratio relative to gelatin had 

precipitation visible over the majority of the membrane. Cao, Yang and Fu investigated 

gelatin membranes with mannitol and they reported a similar outcome. They stated 

that after storage for about 10 days they found that mannitol tended to crystallise on 

the membrane surface (Cao, Yang, & Fu). 

Precipitation of mannitol appeared to have an effect on the properties of gelatin 

membranes with mannitol. For PSG membranes with mannitol, the swelling index was 

about the same as for membrane without additive. The solubility of PSG membrane 

with mannitol 30% w/w ratio relative to gelatin decreased compared to PSG membrane 

with mannitol 20% w/w ratio relative to gelatin. Tensile strength decreased as the 

concentration of mannitol increased for both FSG and PSG membranes. For ac-FSG 

membrane, the TS was lower than membrane without additive but the percentage 

elongation was about the same. PE was about the same for PSG membranes as for 

PSG membrane without additive. For FSG membranes with mannitol, the PE was 

about the same for all three concentrations as for FSG membrane without additive. 

Plasticizers can have an effect on the extensibility, flexibility, rigidity, elasticity, 

brittleness, flow and dispensability (Cao et al., 2009; Suderman, Isa, & Sarbon). With 

increased concentration of mannitol, the gelatin membranes became more brittle and 

less flexible. As brittleness increased with increased concentration of mannitol the 

desired effect sought from plasticizers was not gotten for mannitol. Mannitol, therefore, 

did not show the desired effect and appeared not to be a very good plasticizer for those 

gelatin membranes made in the thesis.  

Cao, Yang and Fu tested type B bovine with both sorbitol and mannitol (Cao et 

al.). Their membrane contained gelatin 12% (w/w) and their results were that both 

sorbitol and mannitol had plasticizing effect (Cao et al.). The elongation to break 

increased and TS decreased with addition of sorbitol and mannitol. They also tested 
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the effect of increasing the concentration of sorbitol and found that sorbitol had 

plasticization on the gelatin membranes (Cao et al.). Their results are were different 

for mannitol then gotten in the thesis. Where the TS and PE were not significantly 

affected by addition of mannitol. For sorbitol the results were more in line with the 

results from Cao et al. as concentration of sorbitol increased in the membranes in the 

thesis the more plasticizing effect the membranes had. Similar to what Cao et al. said 

about increased sorbitol concentration (Cao et al.).   

Sorbitol had more plasticizing effects on the membranes. For PSG and FSG 

membranes with sorbitol 10% and 20% w/w ratio relative to gelatin did not have a 

significant effect on both TS and PE compared to the membrane without additives. For 

PSG and FSG membranes with sorbitol 30% w/w ratio relative to gelatin, the PE 

increased significantly compared to other concentrations and membrane without 

additive. One membrane sample of each gelatin did not break during mechanical 

properties test. For ac-FSG membrane with sorbitol 20% w/w ratio relative to gelatin 

increased the PE compared to the ac-FSG membrane without additive. TS strength for 

ac-FSG membrane was not significantly affected by the addition of sorbitol. The 

concentration of sorbitol did not have a significant effect on TS for both PSG and FSG 

membranes.     

 

5.1 Solubility 

Uranga et al. tested type A fish gelatin and made gelatin membranes with citric acid 

and chitosan (Uranga et al.). They also prepared control membrane without both 

chitosan and citric acid. Uranga et al. used 5 g gelatin and they added 20 wt% glycerol 

on gelatin basis as a plasticizer to the solution (Uranga et al.). Both solubility and 

swelling degree was performed for the membranes in water. Solubility experiment was 

done by immersing samples into 200 mL of distilled water for 24 hours. After 24 hours 

the membranes were dried in an oven at 105°C for 24 hours and weighed (Uranga et 

al.). The swelling of the membranes was measured at specific times after they were 

immerged in distilled water but the amount of water was not stated (Uranga et al.).  

For the solubility of the control membrane the result were 37.33±1.05% and for 

swelling the result was 2000% (Uranga et al.). These values from Uranga et al. are not 

similar to the values gotten in the thesis. In the thesis pure fish skin gelatin membranes 

had dissolved after 24 hours in PBS at RT. The most likely explanation for the 

difference is the type of fish gelatin used. Because Uranga et al. do not state whether 
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the fish gelatin was from cold or warm water fish (Uranga et al.). Properties of fish 

gelatins differ between cold and warm water fish gelatins. Warm water fish gelatins 

have better rheological properties than cold water fish gelatin (Gómez-Guillén et al.). 

The solubility value Uranga et al. got was closer to the solubility value Gómez-Estaca 

et al. got for tuna skin gelatin membrane, 39.9±1.3% (Gómez-Estaca, Montero, 

Fernández-Martín, & Gómez-Guillén). 

Gómez-Estaca et al. made gelatin membranes from bovine-hide and tuna-skin 

gelatin (Gómez-Estaca et al.). Gelatin concentration was 4 g/100 ml of distilled water. 

Sorbitol (0.15 g/g gelatin) and glycerol (0.15 g/g gelatin) were used as plasticizers 

(Gómez-Estaca et al.). Water solubility of the membranes was measured in 15 mL in 

distilled water and shaken gently at 22°C for 15 hours. Then the solution was filtered 

to cover the remaining undissolved membrane. The undissolved membrane was then 

desiccated at 105°C for 24 hours (Gómez-Estaca et al.). Their result was that the water 

solubility was 34.3±0.6 for bovine-hide gelatin and 39.9±1.3 for tuna-skin gelatin. Tuna 

is a warm water fish has better rheological properties than cold water fish (Gómez-

Estaca et al.).  

Another experiment was performed by Nur Hanani et al. and they made gelatin 

membranes with 3 different protein concentration 4, 6, and 8% (w/v). They used gelatin 

from beef skin, pork skin and fish skin from warm-water Talapia fish. They added 

glycerol as plasticizer at a concentration of 40% of gelatin (Nur Hanani et al.).  In their 

solubility testing they trimmed the samples into small strips, dried the strips in an oven 

at 100°C for 24 hours, and the samples were immersed in 100 mL of distilled water for 

24 hours. The membrane samples were removed from the solution and dried at 100°C 

for 24 hours (Nur Hanani et al.). Their findings were that all gelatins were soluble 

(p<0.05) in water. They claimed that fish gelatin were the most soluble, irrespective of 

the gelatin concentration and solubility for pork skin gelatin significantly increased as 

concentration increased (Nur Hanani et al.).  

In the thesis PBS was used instead of water for solubility test. Similar trend was 

noted as Nur Hanani et al. described that fish skin gelatin membranes had higher 

solubility than pig skin gelatin membranes. After 24 hours in PBS at RT the solubility 

of PSG membrane without additive was 10.8% while FSG membrane had dissolved. 

Those solubility results for FSG membrane are closer to the result from the solubility  

experiment in a study Pérez-Mateos et al. performed (Pérez-Mateos, Montero, & 

Gómez-Guillén). 
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In the study Pérez-Mateos et al. prepared membrane forming solution by 

dissolving cod skin gelatin powder (4%, w/v) in distilled water (Pérez-Mateos et al.) 

Then, 0.75% glycerol and 0.75% sorbitol (w/v) were added as plasticizers. Water 

solubility of the membranes was found by immerging 2 cm in diameter membrane 

samples in 10 mL of distilled water and slowly stirred at RT for 24 hours (Pérez-Mateos 

et al.). The samples were then filtered and the insoluble fractions were dried in an oven 

at 105 °C for 24 hours. The results were that cod skin gelatin membrane had very high 

water solubility, around 88% (Pérez-Mateos et al.). Those results are more similar to 

those of the thesis where ac-FSG membrane without additive had dissolved after 24 

hours in PBS.  

For solubility degree experiment there was uncertainty in the results. The 

uncertainty was mainly due to the amount of PBS present in the membrane sample 

when it was weight. This applied in particular to the ac-FSG membrane with tannic acid 

where the membrane had more slime like appearance and more PBS fluid was present 

than for PSG membranes. Another possible uncertainty in solubility experiment is the 

time after membrane samples were removed from PBS until they were weight. It was 

attempted to fix the time duration but it was not always exactly the same. Another 

possible uncertainty is how much, if any, part of the membranes had dissolved and 

remained in the PBS solution. This was most clearly observed for FSG membrane with 

tannic acid 5% w/w ratio relative to gelatin. When PBS was carefully removed the PBS 

had brownish colour instead of transparent colour as for other membranes that had not 

dissolved. Part of the membrane sample had dissolved although part of the membrane 

remained intact as a slime.    

The pH was measured for some of the membranes. It was only late in the 

investigation that the question of the influence of pH within the membrane arose. By 

then, most of the PSG and FSG membranes had been prepared and tested. There 

was not enough time left to make new membranes and retest them before the deadline 

of the thesis. Therefore, the pH for most of the membranes tested for solubility and 

swelling index is not known. The pH for diclofenac membranes is also not known. With 

hindsight it can be said that it would have been better to measure the pH of all 

membranes. Then it would have been possible to evaluate the effect of pH on the 

outcomes of the experiments. Particularly because when diclofenac was added to the 

gelatin solution precipitation occurred and 1 M NaOH was added. Cao, Fu and He 

showed that the pH can influence the TS of gelatin membranes (Cao, Fu, & He). They 

tested the pH of the membrane with 10 mg ferulic acid/g gelatin and showed that the 
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TS increased and then decreased again when the pH was increased from pH 6-10 

(Cao et al.). Therefore, it appears that pH can influence the properties of the 

membranes. 

 

5.2 Mechanical properties 

Investigation of mechanical properties was not possible in all cases.  Eleven out of 13 

FSG membranes intended for mechanical property investigation were unusable after 

5 days in the humidity chamber. When the membranes were dried in an oven the 

membranes had cracks and due to those cracks, useful samples could not be made. 

The procedure for manufacturing them was changed to see whether different drying 

method would have a positive effect on the membranes and give membranes that 

could be used for the mechanical properties test. Membranes were therefore dried at 

RT instead of an oven at 80°C. This change in manufacturing seemed to improve the 

membranes because 4 FSG membranes with plasticizers that were unusable after 

drying in an oven could be measured after drying at RT. The FSG membrane without 

additive was unusable even after the method had been changed because it was 

covered in small cracks. For FSG membranes with cross-linker, it was only known for 

1 membrane (tannic acid 2% w/w ration relative to gelatin) whether a change in method 

had a positive effect. When these membrane samples were ready the TA.XT2i texture 

analyzer equipment was out of order. Despite attempts to fix it, it could not be fixed 

before the deadline of the thesis. Therefore, it is not known whether the membranes 

could be tested. 

Previously other investigators have also reported difficulties with fish skin gelatin 

membranes. Cho, Gu and Kim report that physical properties of fish gelatin are less 

desirable than mammalian gelatin (Cho, Gu, & Kim). They also report that fish gelatins 

generally have lower gel strength than gelatins made from mammalian source. Cho, 

Gu and Kim also state that both porcine and bovine gelatins have considerably higher 

melting and gelling points than most fish gelatins (Cho et al.) 

The physical properties of gelatin membranes are dependent chiefly on the 

properties of the raw material and the processing conditions of the gelatin 

manufacturing (Gómez-Guillén et al.). Physical properties of gelatin membranes also 

depend on physical parameters used in membrane processing, as for example drying 

time and temperature, and on formulation ingredients (Gómez-Guillén et al.). Age of 

the animal used to manufacture gelatin also has an influence on molecular weight due 
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to the fact that collagen in older animals has more cross-links compared to younger 

animals (Duconseille, Astruc, Quintana, Meersman, & Sante-Lhoutellier). Two factors 

are important for the physical properties of gelatin membranes. The first factor is the 

amino acid composition which differs between species and the second factor is the 

molecular weight distribution (Gómez-Guillén et al.). The molecular weight distribution 

which results mainly from processing conditions (Gómez-Guillén et al.). For example, 

showed Guðmundsson and Hafsteinsson that changing the concentration of sodium 

hydroxide, sulfuric acid and citric acid in processing cod skin gelatin affected both yield 

of gelatin as well as quality (Gudmundsson & Hafsteinsson). 

Guðmundsson and Hafsteinsson stated that although their different treatments 

of cod skin affected both yield and quality, it had little effect on the amino acid 

composition of the gelatins (Gudmundsson & Hafsteinsson). Gelatin made from a 

marine source has worse rheological properties than gelatin from mammalian source 

(Gómez-Guillén et al.). Warm water fish species are known to yield gelatins with better 

rheological and thermostability properties than gelatin from cold water fish species 

(Gómez-Guillén et al.). 

The amino acid composition between mammalian and marine species differs. 

In cold water fishes, the amount of the amino acids proline and hydroxyproline rich 

collagen region is lower. These regions are likely involved in the formation of nucleation 

zones conducive to the formation of triple helical structure (Gómez-Guillén et al.). 

Gelatins from warm water species have higher imino acid content than cold water fish 

species. The imino acid content of warm water fish species is closer to mammalian 

species (Gómez-Estaca, Montero, Fernández-Martín, & Gómez-Guillén). Gelatins that 

are made from tissue from animals that are warm-blooded have higher imino acid 

content and in particular hydroxyproline (Gómez-Estaca et al.). The imino acid is 

thought to promote “triple helix formation and stabilization of the gelatin at low 

temperatures thanks to the hydrogen bonding ability of the -OH group on the 

hydroxyproline” (Gómez-Estaca et al.).  

A comparison of the amino acid content of Atlantic cod skin and pork skin show 

a difference in proline and hydroxyproline content. Table 22 shows the difference in 

the amount of hydroxyproline and proline (Gómez-Guillén et al.; Karim & Bhat). 
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Table 22. Amino acid content in pork skin and Atlantic cod skin gelatin. The values are 
expresses as numbers of residues/1000 total amino acid residues (Gómez-Guillén et 

al.; Karim & Bhat). 

Amino acid  Atlantic cod skin  Pork skin 

Hydroxyproline  50  91 

Proline  106  132 

  

As Table 22 shows the amount of both amino acids is higher for pork skin than 

Atlantic cod skin. The amino acids proline and hydroxyproline have an effect in gelation 

temperature. Cold water fish species have a lower concentration of those two amino 

acids than mammalian species and lower gelling temperature is due to lower content 

of those two amino acids (Chiou et al.). As stated above this amino acid difference 

could be the reason why FSG membranes had a greater tendency to break and were 

unusable after 5 days in the humidity chamber in the thesis. 

Membranes made with diclofenac were made to be tested for mechanical 

properties but the instrument was no longer available. It would have been interesting 

to see whether the addition of diclofenac would have had an effect on the mechanical 

properties of the membranes. It would also have been interesting to investigate the 

effect of the quantity of water. Membranes made with 15 mL of milli-Q water could 

have been compared to similar membranes made with 10 mL of milli-Q water. 

 

5.3 Cross-linkers 

Cao, Fu and He tested mechanical properties of membranes from bovine type B gelatin 

cross-linked with ferulic and tannin acid. The content of bovine gelatin for all the 

membranes was 12% (w/w) and incorporation of different amount of ferulic acid or 

tannic acid was 0, 5, 10, 20, 30, 40 mg ferulic acid or tannin acid/g gelatin (Cao et al.). 

Their results were that TS increased as the concentration of cross-linker increased 

while the elongation to break decreased with increased concentration of cross-linker. 

They also compared the cross-linked membranes to bovine gelatin without cross-linker 

and found that both tannic acid and ferulic acid increased TS and decreased elongation 

to break (Cao et al.). 

The results for PSG membranes with ferulic acid were the opposite results than 

Cao, Fu and He had because as the concentration of ferulic acid increased so did the 

PE but TS decreased. It has to be taken into account when these two results are 

compared that Cao, Fu and He used bovine gelatin while for PSG membranes porcine 
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skin gelatin was used. Another factor could be the pH of the gelatin solution because 

Cao, Fu and He adjusted the pH of their gelatin membranes to about 6-10 with Na2CO3 

or acetic acid (Cao et al.). PSG membranes with ferulic acid for mechanical properties 

experiment had pH between 4.09-4.82, as shown in Table 17.  

From the results, it appears that ferulic acid did not have very much cross-linking 

effect for PSG, FSG and ac-FSG membranes. The solubility of all FSG and ac-FSG 

did not change after the addition of ferulic acid because all membranes had dissolved 

after 15 minutes. For PSG solubility did not change significantly compared to the 

membrane without additive. PE for PSG and ac-FSG membranes was not affected by 

the addition of ferulic acid. TS for ac-FSG increased compared membrane without 

additive and TS for PSG membranes decreased compared to PSG membrane without 

additive. Based on these results it appears that ferulic acid may have had the most 

cross-linking effect on the ac-FSG membrane. 

Tannic acid appeared to have a greater cross-linking effect than ferulic acid. 

Solubility changed after the addition of tannic acid for two membranes compared to the 

membrane without tannic acid. Those two membranes had not completely dissolved 

after 15 minutes in PBS at RT. One membrane was made from FSG while the other 

was made from ac-FSG. Both membranes contained tannic acid 5% w/w ratio relative 

to gelatin. Of those two membranes, only ac-FSG membrane had not dissolved after 

24 hours. After 15 minutes in PBS the ac-FSG membrane could be weight while the 

FSG membrane could not be weighted with any accuracy. Because it was like a slime, 

broke into fragments when it was attempted to weigh it and stuck to the tweezers used 

to transport it to a scale. For PSG membranes solubility was not significantly affected 

by the addition of tannic acid compared to PSG membrane without additive. SI for PSG 

membrane decreased as the concentration of tannic acid increased. TS for PSG 

membrane with tannic decreased as the concentration of tannic acid increased but PE 

was not significantly affected compared to PSG membrane without additives. No data 

is available for both FSG and ac-FSG membranes for TS and PE. 

For ac-FSG membrane with tannic acid, it is likely that cross-linking occurred 

based on the fact that it was the only FSG and ac-FSG membranes that had not 

dissolved after 24 hours. No results for mechanical properties for this membrane is 

available therefore it is not possible to conclude the effect tannic acid addition had for 

mechanical properties for ac-FSG membrane. 
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5.4 Drug release  

All FSG membranes loaded with both diclofenac and levofloxacin had dissolved after 

3 hours on a Franz cells. Two of three ac-FSG membranes had also dissolved after 

three hours. Only ac-FSG membrane with tannic acid 5% w/w ratio relative to gelatin 

had not dissolved after 6 hours only swollen similar to PSG membranes. For some of 

those FSG and ac-FSG membranes the membrane had also dissolved beyond the 9 

mm diameter of the membrane that was in contact with the solution. Thus the 

concentration of the drug in the receptor phase increased even after all the membrane 

had dissolved. This applied to both diclofenac and levofloxacin. 

Concentration for diclofenac was highest for ac-FSG membrane with tannic acid 

and the second highest was ac-FSG membrane with ferulic acid 5% w/w ratio relative 

to gelatin. FSG membrane without additive had the highest concentration of diclofenac 

of the three gelatins without additive. The concentration of diclofenac release was the 

same for PSG and ac-FSG without cross-linkers. FSG membranes had the shortest 

duration of the three gelatins for both cross-linkers. Ac-FSG had 5 minutes shorter 

duration than FSG for membranes without cross-linkers. ac-FSG membrane with 

tannic acid 5% w/w ratio relative to gelatin had the longest duration for diclofenac drug 

release of all gelatin membranes with diclofenac.   

For gelatin membranes made with levofloxacin PSG membrane with ferulic acid 

had the highest concentration of levofloxacin. PSG membrane with tannic acid had the 

lowest concentration of levofloxacin and FSG and PSG membranes without additives 

had a similar concentration of levofloxacin. Membranes with levofloxacin had a higher 

concentration of drug release for both FSG and PSG membranes compared seminal 

to diclofenac membranes.   

FSG and ac-FSG membranes had shorter time of drug release compared to 

PSG membranes. Only ac-FSG membrane with tannic acid 5% w/w ratio relative to 

gelatin had similar time of drug release as PSG membranes. The most likely reason 

for the time difference is the fact that FSG and ac-FSG had dissolved after 3 hours on 

a Franz cell. PSG membrane and ac-FSG membrane with tannic acid had swollen but 

not dissolved after 5 hours on a Franz cell. That is likely to explain the difference in 

time of drug release. As no membrane was left over the Franz cell all the drug in the 

membrane had mixed with PBS solution in the Franz cell. Resulting in shorter time of 

drug release. For membranes that had swollen time for drug release was longer. In the 

case of ac-FSG membrane with tannic acid with diclofenac the concentration of 

diclofenac was rising up to the last sample after 6 hours.   
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The results from the drug release experiment in the thesis was compared to a 

drug release experiment done by Dong, Wang and Du (Dong, Wang, & Du). They 

made alginate/gelatin drug loaded membranes by a casting/solvent evaporation 

technique (Dong et al.). Their solutions of alginate and gelatin, 2 wt%, were prepared 

with distilled water and the final gelatin amounts of 20 wt%, 50 wt% and 80 wt%. Dong 

et al. dissolved 0.2 g of ciprofloxacin hydrochloride in 50 ml of each one of these three 

resulting solutions and the membranes were dried in an oven at 37°C until constant 

weight (Dong et al.). They did release studies where the drug loaded membranes were 

suspended in glass vessels containing 50 ml of medium (Dong et al.). The glass 

vessels were incubated on a shaking bed at 37°C, 130 rpm and samples were taken 

at appropriate time intervals (Dong et al.). Dong et al. evaluated the amount of 

ciprofloxacin hydrochloride released from the drug loaded membrane by UV 

spectrophotometer at 277 nm. Their results were that the release of ciprofloxacin 

hydrochloride increased as the content of gelatin increased (Dong et al.). Dong et al. 

also tested three different amounts of drug loaded and they found that as more drug 

was loaded on the membrane, the rate of drug release was lower (Dong et al.).  

The method used to test drug release was different between the thesis and 

method from Dong et al. In the thesis HPLC analysis was used to evaluate the drug 

release while Dong et al. used UV spectrophotometer. They used another drug then in 

the thesis and another parameter. Dong et al. showed that ciprofloxacin hydrochloride 

was released from their gelatin membranes (Dong et al.). In the results for drug release 

showed that both diclofenac and levofloxacin are released from the gelatin 

membranes. It would be interesting to see whether the release of diclofenac and 

levofloxacin from the membranes made in the thesis would follow the same pattern as 

the membranes that Dong et al. made. That is would drug release be affected by 

amount of gelatin used. Also, whether amount of drug would influence the rate of drug 

release.  

       

5.5 Antimicrobial activity 

Antimicrobial activity test was only done for two membranes with levofloxacin. They 

showed that the membranes had antibacterial activity against S. aureus and E. coli. 

The other 4 membranes with gelatin were not tested because there was not enough 

time to test them as well. It would have been interesting to test them as well to see 

whether the addition of cross-linker influenced the outcome.  
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The membranes were not tested for any wound treatment. Instead, experiments 

were done to examine the properties of the membranes themselves. How the 

concentration of drug release differs between membranes and whether levofloxacin 

membranes had antibacterial activity against S. aureus and E. coli. It is important to 

know the swelling of the membranes because wounds contain exudate which can 

cause swelling in wound dressing. It is also important to know the solubility of the 

membranes because if the material used in the wound dressing would cause harm if it 

dissolves. Mechanical properties of wound dressing are also important. Wound 

dressings that are very brittle are not ideal for wound treatment. If a fragment of the 

wound dressing wound break off and could potentially cause additional harm to the 

wound site. Very brittle wound dressing could break in transport or when applied to the 

wound site. 

FSG membranes dissolved much faster than PSG membranes and they 

released the drug faster than PSG membranes. Both PSG and FSG membranes 

without additives showed antibacterial activity against S. aureus and E. coli and could 

possibly be used to wound infection. In order to establish that further testing is required 

but these results indicate that gelatin membranes could provide another option in the 

battle against chronic wounds.    
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6 CONCLUSIONS 

Gelatin membranes were made from three different types of gelatin porcine skin, cold 

water fish skin and from Atlantic cod skin. Two plasticizers were used for membrane 

preparation, mannitol and sorbitol in three concentration 10%, 20% or 30% w/w ratio 

relative to gelatin. Results from tensile strength (TS) and percent elongation (PE) 

indicate that mannitol is not a suitable plasticizer for these gelatins membranes. For 

membranes with sorbitol, the lower two concentration had little effect on TS and PE 

but the highest concentration increased the PE. 

 Two cross-linker were also tested, ferulic acid and tannic acid, in three different 

concentrations 2%, 5% or 10% w/w ratio relative to gelatin. Ferulic acid seemed not to 

have very much cross-linking effect and no significant changes for TS and PE 

occurred. Tannic acid seemed to have a more cross-linking effect. Addition of tannic 

acid at 5% w/w ratio relative to gelatin for ac-FSG membranes changed the solubility. 

It was the only FSG and ac-FSG membrane that had not dissolved after 24 hours in 

PBS (pH 7.4) at room temperature. Due to mechanical failure, the TS and PE for all 

FSG and ac-FSG membranes could not be tested. The effect of tannic acid for TS and 

PE for the FSG and ac-FSG membranes is therefore not known and could not be 

compared to other membranes.  

 Drug release experiment was done for two drugs diclofenac and levofloxacin for 

gelatin membranes without additives and cross-linker 5% w/w ratio relative to gelatin. 

ac-FSG membranes with diclofenac and both cross-linkers had the highest 

concentration of drug release of the three gelatins. While FSG membranes without 

additives had the highest concentration of diclofenac of the three gelatins without 

cross-linkers. FSG and ac-FSG had shorter duration for drug release for all 

membranes apart from ac-FSG membrane with tannic acid.  

 Levofloxacin membranes released drugs faster compared to diclofenac 

membranes. PSG membrane with ferulic acid had the fastest release of levofloxacin 

while PSG membrane with tannic acid had the lowest concentration. FSG and PSG 

membranes without additives had a similar concentration of levofloxacin. Antimicrobial 

activity test was done for PSG and FSG membranes with levofloxacin without 

additives. They showed that the membranes had antibacterial activity against S. 

aureus and E. coli.  

 Gelatin membranes have potential to be used as a wound healing drug delivery 

membrane dressing. Two drugs were tested in the thesis and both were released from 
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the gelatin membranes. Levofloxacin was released from the membranes faster and in 

higher concentration compared to diclofenac membranes. Gelatin membranes with 

levofloxacin have a potential to fight topical infections in wounds and limit undesirable 

side effects. To establish whether the gelatin membranes in this thesis could be useful 

in wound care further testing is needed to see how they work in wounds. 
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Settings for TA.XT2i texture analyzer  

Table A shows the settings used for testing mechanical properties of membranes in 

TA.XT2i texture analyzer.  

 

Table A. Settings for TA.XT2i texture analyzer machine. 

Pre-test speed  1 mm/s 

Test speed  1 mm/s 

Post-test speed  5 mm/s 

Rupture test speed  4 mm 

Distance  40.0 mm 

Force  0.981 N 

Time  5.00 s 

Count  5 

Load cell  5 kg 

Temperature  25°C 

Trigger:  

Type  Auto 

Force  0.049 N 

Stop plot at final  - 

 

Swelling 

Table B shows the results from swelling degree experiment after 24 hours in PBS for 

PSG membranes.  
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Table B. The results of swelling degree experiment for 24 hours in PBS at RT as well as thickness 
for PSG membranes. Also shown is the standard deviation (SD). 

Membrane 

 Thickness 

[mm] 

 Swelling index, %  SD 

   

0.229 

0.271 

0.246 

0.254 

0.178 

0.271 

0.169 

0.178 

0.195 

0.195 

0.212 

0.110 

0.161 

  

735 

644 

659 

577 

734 

695 

730 

828 

849 

827 

733 

659 

642 

  

1    0.285 

2    0.099 

3    0.259 

4    0.440 

5    0.268 

6    0.640 

7    0.332 

8    0.349 

9    0.272 

10    0.324 

11    0.061 

12    0.089 

13    0.460 

 

The SI values in Table B are the average value of three measurements. An 

example of how swelling index was calculated can be seen by using the values shown 

in Table C. 

 

Table C. The results from SI experiment for PSG membrane. In the W1 is the initial weight, W2 is 
the weight after 24 in PBS. The W1 and W2 are shown for one membrane sample and SI 
(%) is the swelling index in percentage for all three samples. 

Membran

e 

 W1 

sample 

1 [mg] 

 W2 

sample 

1 [mg] 

 SI 

sample 

1 (%) 

 SI 

sample 

2 (%)  

 SI 

sample 

3 (%) 

 Average 

SI (%) 

1  31.07  264.93  753  751  702  753 

 

For membrane 1 and sample 1 the SI was calculated by using equation (1) in 

section 3.3.2. 

SI (%) =
264.93 mg − 31.07 mg

31.07 mg
× 100% = 753% 

The SI was calculated for all other membranes using the same calculations. 

Average SI was calculated using the following calculations  



E 
 

Average SI (%) =
753 + 751 + 702

3
= 735% 

 

Solubility 

Table D shows the results from solubility experiment for PSG membranes 

 

Table D. The results from solubility experiment for PSG membranes. Standard deviation (SD) is 
also shown in the table. 

Membrane  Solubility, %  SD 

1  10.8  0.014 

2  14.6  0.049 

3  25.6  0.017 

4  49.2  0.129 

5  25.0  0.039 

6  33.6  0.061 

7  27.7  0.028 

8  11.0  0.030 

9  12.8  0.052 

10  16.3  0.025 

11  3.27  0.038 

12  26.3  0.163 

13  12.7  0.038 

 

Table E shows the results for membrane 13, a PSG membrane with 0.2 g tannic 

acid. Table E shows the initial weight of membrane sample (Wi) and the weight of the 

same membranes sample after it had been on a shaker for 24 hours in PBS and dried 

in an oven for 24 hours at 80°C (Wf) for sample 1 for membrane 13. In Table E solubility 

of each sample is shown as well as the average solubility of the three samples.  

 

Table E. The results from solubility experiment for membrane 13. In the table Wi is the initial 
weight of the sample, Wf is the weight of the sample after 24 hours in PBS on a shaker 
and after drying for 24 hours at 80°C.  

Membran

e 

 Wi 

sample 

1 [mg] 

 Wf 

sample 

1 [mg] 

 Solu-

bility 

sample 

1 (%) 

 Solu-

bility 

sample 

2 (%) 

 Solu-

bility 

sample 

3 (%) 

 Average 

solubility 

(%) 

13  32.64  29.40  9.93  11.1  17.0  12.7 
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An example of how solubility was calculated is shown in the following 

calculations for sample 1 of membrane 13, shown in Table E, using equation (3) in 

section 3.3.3.  

Solubility =
32.64 mg − 29.40 mg

32.64 mg
× 100% = 9.93% 

The solubility shown in Table D is the average solubility of all three membranes 

samples tested. An example of how the average solubility value was calculated can be 

seen in the following example for the solubility values in Table E.  

Average solubility =
9.93% + 11.1% + 17.0%

3
= 12.7% 

 

Mechanical properties 

In Table F all the membranes made with Na-Diclo for mechanical properties test are 

shown. They could not be tested due to mechanical failure of the TA.XT2i texture 

analyzer.  

 

Table F. Composition of the diclofenac sodium salt loaded membranes containing 7.5 mg of the 
drug for mechanical properties experiment. Membranes 78, 82 and 86 do not contain 
drug and are intended to be control membranes. Each membrane was made with 15 mL 
of milli-Q water. 

Membrane  Gelatin  Cross-linker  Base  pH 

  PSG 

[mg] 

FSG 

[mg] 

ac-

FSG 

[mg] 

 FA [mg] TA [mg]  1 M NaOH 

[μL] 

  

78  300 - -  - -  -  5.16 

79  300 - -  - -  -  5.13 

80  300 - -  15 -  60  7.22 

81  300 - -  - 15  40  7.33 

82  - 300 -  - -  -  4.63 

83  - 300 -  - -  -  4.78 

84  - 300 -  15 -  50  5.77 

85  - 300 -  - 15  60  7.02 

86  - - 300  - -  -  4.89 

87  - - 300  - -  -  5.00 

88  - - 300  15 -  60  7.47 

89  - - 300  - 15  60  7.43 
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Table G shows the results from mechanical properties experiment for the 

membranes in Table 17. 

 

Table G. The results of mechanical properties tests for membranes made from both PSG and 
FSG. 

Membrane  
Thickness 

[mm] 
 TS [MPa]  PE, % 

     SD   SD 

47  0.033  26.2  12.6  1.60 0.00377 

48  0.018  40.5  8.40  7.61 0.00239 

49  0.023  64.9   26.2  4.05 0.0193 

50  0.033  27.5 3.39  26.67 0.210 

51  0.030  107 8.23  6.41 0.00765 

52  0.015  33.5 3.49  3.82 0.00795 

53  0.020  29.2 17.1  2.01 0.00265 

54  0.028  36.3 4.87  3.05 0.00872 

55  0.028  26.2 10.5  5.22 0.00558 

56  0.036  11.6 2.69  5.87 0.00521 

57  0.025  28.3 8.59  4.90 0.0276 

58  0.023  38.0 14.6  4.53 0.00636 

59  0.028  93.3 0.659  7.51 0.00742 

60  No data  No data No data  No data No data 

61  0.025  14.2 6.78  4.10 0.00698 

62  0.028  24.1 8.04  5.12 0.0250 

63  0.023  17.4 0.146  23.72 0.0862 

64  0.020  36.4 6.55  4.48 0.00719 

65  0.023  27.6 2.04  5.19 0.00828 

66  0.020  5.95 0.447  2.58 0.00228 

67  No data  No data No data  No data No data 

68  No data  No data No data  No data No data 

69  No data  No data No data  No data No data 

70  0.023  29.2 4.23  5.02 0.00551 

71  No data  No data No data  No data No data 

72  No data  No data No data  No data No data 

 

Tensile strength is shown in megapascals (MPa) and one MPa is equal to 106 

Pascal (Pa) (Thompson & Taylor). For membranes 60, 67, 68, 69, 71 and 72 no data 
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is put in Table G because previous membranes had failed (see Table I) and new 

membranes could not be tested due mechanical failure of the TA.XT2i texture 

analyzer. Table H shows the results of 1 sample of membrane 49 in Table 17 as an 

example of how the calculations for tensile strength were done. 

 

Table H. Results for mechanical properties experiment for 1 sample of membrane 49 in table 17. 

Membrane  Load to 

break 

sample 1 

[N] 

 Elongation 

at rupture 

sample 1 [m] 

 Thickness 

[m] 

 TS 

sample 1 

[MPa] 

 PE 

sample 

1, % 

49  24.97  0.00130  0.000023  72.8  3.26 

 

Example of calculation of TS for sample 1 of membrane 49 are done as follows 

TS =
(load at break)

(orginal width) × (orginal thickness)
=

24.971 N

0.015 m × 0.00002286 m
= 72.8 MPa 

An example of how percent elongation (PE) was calculated of sample 1 of 

membrane 49 was done as follows 

PE =
(Elongation at rupture) × 100%

(Initial gage length)
=

0.001303 m

0.040 m
× 100% = 3.26% 

Table I shows PSG and FSG membranes FSG that could not be used. Due to 

various reasons as discussed both in result and discussion section and shown in Fig. 

9 and 10.  
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Table I. The PSG and FSG membranes with different addition of plasticizers, cross-linkers and 
base intended for mechanical properties experiment but were unusable after 5 days in 
humidity chamber.  

Membrane  Gelatin  Additive  Base  pH 

  PSG 

[mg] 

FSG 

[mg] 

 Sor 

[mg] 

Man 

[mg] 

FA 

[mg] 

TA 

[mg] 

 1 M NaOH 

[μL] 

 

I  300 -  30 - - -  -  5.34 

II  300 -  60  - - -  -  5.31 

III  300 -  - 30 - -  -  5.37 

IV  300 -  - - - 30  -  7.12 

V  - 300  - - - -  -  4.85 

VI  - 300  - - - -  -  4.75 

VII  - 300  - - - -  -  4.92 

VIII  - 300  30 - - -  -  4.87 

IX  - 300  - 30 - -  -  4.97 

X  - 300  - 60 - -  -  4.85 

XI  - 300  - 90 - -  20  4.93 

XII  - 300  - - 6.0  -  30  4.66 

XIII  - 300  - - 6.1 -  60  4.67 

XIV  - 300  - - 15 -  -  4.46 

XV  - 300  - - 15 -  -  4.45 

XVI  - 300  - - 30 -  -  4.19 

XVII  - 300  - - 30 -  -  4.28 

XVIII  - 300  30 - - -  -  7.03 

XIX  - 300  60  - - -  -  7.20 

XX  - 300  - 30 - -  60  6.80 

 

Table J shows the results from mechanical properties experiment for ac-FSG 

membranes. 

 

 

 

 

 

 

 

 



J 
 

Table J. The results from mechanical properties test for ac-FSG membranes. 

Membrane  Thickness 

[mm] 

 TS [MPa]  PE, % 

     SD   SD 

73  0.020  41.4 1.71  5.38 0.0159 

74  0.023  40.7 11.9  26.8 0.199 

75  0.023  27.3 13.8  5.44 0.00675 

76  0.025  65.9 4.83  5.66 0.00442 

77  No data  No data No data  No data No data 

 

HPLC  

Fig. A-H show the results from HPLC analysis from membranes made from PSG, FSG 

and ac-FSG with diclofenac. 

 

 

Figure A. Results from HPLC analysis for PSG membrane with ferulic acid and diclofenac. 
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Figure B. Results from HPLC analysis for PSG membrane with tannic acid and diclofenac. 

 

 

Figure C. Results from HPLC analysis for FSG membrane with diclofenac. 
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Figure D. Results from HPLC analysis for FSG membrane with ferulic acid and diclofenac. 

 

 

Figure E. Results from HPLC analysis for FSG membrane with tannic acid and diclofenac. 
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Figure F. Results from HPLC analysis for ac-FSG membrane with diclofenac. 

 

 

Figure G. Results from HPLC analysis for ac-FSG membrane with ferulic acid and diclofenac. 
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Figure H. Results from HPLC analysis for ac-FSG membrane with tannic acid and diclofenac. 

 

Fig. I-M show the results from HPLC analysis for PSG and FSG membranes 

with levofloxacin. 

 

 

Figure I. Results from HPLC analysis for PSG membrane with ferulic acid and levofloxacin. 
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Figure J. Results from HPLC analysis for PSG membrane with tannic acid and levofloxacin. 

 

 

Figure K. Results from HPLC analysis for FSG membrane and levofloxacin. 
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Figure L. Results from HPLC analysis FSG membrane with ferulic acid and levofloxacin. 

 

 

Figure M. Results from HPLC analysis for FSG membrane with tannic acid and levofloxacin. 

 

 

 
 

 

 
 

 

 


