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Abstract 

Since the amounts of unutilized by-products are high in fish industry, extraction of fish gelatin is one way 
to utilize it better and increase the total yield.  Fish bones and skins generally have high collagen 
contents and are therefore suitable for gelatin extraction. Gelatin is a collagen derivative, and it has high 
amount of the amino acids proline and hydroxyproline, which are used for qualitative and quantitative 
determinations of the gelatin and gelatin hydrolysate quality. 
 

The collagen type of the raw material, the tissue type, species, and age effect what type of 
gelatin is obtained from the diverse fish by-products. Gelatin is, when properly processed transparent, 
odourless and tasteless. Gelatin also has good gelling properties and viscosity which is why it is widely 
used in different industries. There are many different methods to extract gelatin from fish. Commonly 
used methods are based on the application of different acids and/or enzymes, while alkalic treatments 
are not so often used for fish. 
 

The aim of this study was to extract fish gelatin from mackerel by-products by using three 
different methods, i.e. acid, alkali and enzyme extractions.  The mackerel is a fairly novel fish species 
in Iceland fishing waters, and it may contain up to 30% fat, which makes it a challenging raw material.  
Gelatin extraction processes are divided into a pre-treatment step involving the removal of non-
collagenous proteins, defatting, demineralizing and partial hydrolyse of collagen. The gelatin is then 
extracted from the raw material by heat. A gelatin powder is gained when most of the water has been 
removed.  
 

The produced gelatines were analysed by various quality methods. Results showed that the 
alkali method had the highest values in yield, dry matter and pH of the end product, but it had the lowest 
values in hydroxyproline content and gel strength.  

 
All samples had a steady water activity and the skin resulted in the best hydroxyproline content, 

but the gelatin from acid extracted mackerel backbones had the best total protein content, while the 
enzyme method used for head resulted in the best gel strength. Mass balances from the gelatin 
extraction showed that 45—84 % of the raw material was actually entering the extraction part. Gelatin 
extraction could therefore be a promising part of the total mackerel production and could help to increase 
the utilization of mackerel by-products.  
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1  Introduction  

 

Fish by-products or side raw materials refer to parts that are not directed for the main production and is 

seldom used for human consumption.  These side raw materials can in extreme cases be as high as 

70% of the total weight of the fish and it includes the heads, tails, skins, bones, viscera etc. However, 

side raw materials from fish contain valuable micronutrients like minerals and vitamins, as well as high 

quality proteins and lipids (FAO 2018).  

Fish side raw materials are commonly underutilized due to their easy perishability and 

heterogeneous characteristics of the material (Krishnamoorthy et al., 2016). FAO (2018) noted that 

using techniques like Good Manufacturing Practice (GMP) and the Hazard Analysis and Critical Control 

Point (HACCP) help to keep the quality of fish and their side raw materials at a higher quality and are 

thus also more suitable for reutilization. Because of this, the quality of the side raw materials should be 

taken into consideration early in the process.  

Producing high value products, such as gelatin, from fish side raw materials may save money, have 

a positive environmental effect, and it helps raising the yield of the total catch. Fish side raw materials 

tend to have good traceability and quality due to the strict regulations of the fish industry (Boran, 

Lawless, & Regenstein, 2010; Krishnamoorthy et al., 2016). Fish gelatin can be a sustainable and 

competitive option for gelatin compared to gelatins made from mammal animals. However, fish gelatins 

are more versatile in characteristics and use, and they can also be used in kosher and halal dietary 

(Eysturskarð, Haug, Elharfaoui, Djabourov, & Draget, 2009; Gómez-Guillén et al., 2002; Krishnamoorthy 

et al., 2016). 

Fish gelatin are made mainly by two different methods, i.e. alkaline and acid processes, and it can 

be made from several fish species both from cold and warm water species. Examples of species are 

cod, salmon, haddock and tilapia (Eysturskarð et al., 2009; Zhou & Regenstein, 2005).  Pig skin, bovine 

hides and cattle bones are the main sources of global gelatin production. Commonly, pig skins are used 

in the acid manufacturing process and the alkali process is commonly used on bovine hides (Schriebe, 

2007). However, only one percent of the global gelatin production is fish gelatin, but with more research 

this share can be increased (Arnesen & Gildberg, 2007). 

The aim of this work was to create a gelatin extraction method for Atlantic mackerel side raw 

materials based on the latest literature. Extraction methods with three main differentials: acid, alkali and 

enzymatic extractions were used to produce gelatin from mackerel heads, back bones and skins. The 

purpose was also to standardise the extraction methods and to find an economical solution to extract 

fish gelatin from these mackerel side raw materials.   

 

 



 

2 

 

2 Review of the literature 

 

2.1  Definition of gelatin and chemical structure of collagen  

 

Gelatin is a degraded form of collagen, which is the most plentiful protein in vertebrates and it is mainly 

used as a gelling agent in the food industry (David Oakenfull, 1997) Fish have few collagen rich parts. 

However, fish bones and skin have high collagen content, which can be used for gelatin extraction. The 

collagen type of the raw material, the tissue type, species, and age effect what type of gelatin is obtained 

during the extraction.   

The primary structure of collagen is characterised by repeated triplets of glycine-X-Y sequences, 

which form an alfa chain.  The alfa chain contains high amounts of amino acids in the X position (often 

proline), and in the Y position hydroxyproline (Eriksen, 2010). The essential structure of collagen is a 

rod-shaped triple helix of three polypeptide chains as seen in Figure 1. Hydroxyproline is a very 

prevalent amino acid in collagenous protein and is therefore specific for gelatine. Hydroxyproline 

measurements can therefore be used for the qualitative and quantitative determination of gelatin and 

gelatin hydrolysate (David Oakenfull, 1997; GMIA, 2012; Schriebe, 2007). 

 

 

 

 

 

 

 

 

 

 

  

Figure 1: Structure of collagen  (Chhabra, 2013) 



 

3 

 

2.2 Gelatin industry and global market 

 

Fish is a part of everyday diets, it is tasteful, easy to eat, and it supplies the daily intake of proteins for 

a lot of people. The World bank report (WB, 2013) estimated that even 16 percent of all animal proteins 

consumed globally come from fishes, and that it will increase due to rising incomes.  Most of the fishes 

still come from wild catch, but aquaculture is an increasing field. The global fish stocks have been over-

exploited for years and their recovery is going to take time (FAO, 2016). Furthermore, fisheries provide 

food and work, especially in the developing countries (FAO, 2015). 

 

The gelatin industry has continuously been developing technologies, plants and equipment to be 

able to produce high quality products, and new applications are constantly created. The characteristics 

of the raw material affects strongly the selected processes, and all affect the potential use and efficiency 

of the end product.  Gelatin extractions require lots of energy, time and water, but the industry has been 

able to both optimize the use of these resources and to increase the yield and quality at the same time 

(Schriebe, 2007). 

 

Arnesen and Gildberg (2007) stated that fish gelatin only corresponds to one percent of the total 

global gelatin production. A report from the Grand View Research (2016) announced that the size of the 

global gelatin market was 412.7 kilo tons in 2015, and that the most of it was used in the food and 

beverage industry. Hence, there is good possibility to increase both the volume and yield of the fish 

gelatine, and its utilization can be seen as an increasing business opportunity.  However, currently pig 

skin, bovine hides and cattle bones are the main raw material sources within the global gelatin 

production (GVR, 2016). 

 

Fish gelatines are more expensive than gelatines from mammalian sources. According to Schriebe 

(2007) this is due to the high cost of transport and low concentrations of collagen in the fish skin. Gelatin 

produced in Iceland for example from mackerel could lower the cost of transportation, as well as 

increase the yield of utilization within the mackerel industry. Fish gelatin from mackerel has several 

potential applications for human consumption but different countries have different regulations, mainly 

due to its allergenic potential. However, fish gelatin could offer great possibilities and options for kosher 

halal diets, as well as it would be more suitable for vegetarian diets.  
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3 Ethical aspect of fish gelatin extraction  

Science and ethics link closely together (Shamoo, 2015), which is why it is necessary to delve into the 

ethical aspects of the research before the actual experiment begins, but even if there is lot of research 

material available the question of the ethical use of them as a research topic remains. Shamoo (2015) 

published a long list of the principles of the ethical conduct in research, where honesty, objectivity, 

stewardship, and professional responsibilities were mentioned, as well as the protection of animals. 

Honesty, as well as openness in research are important, and mispresenting data can be included as a 

part of honesty (Shamoo, 2015). However, in practise it may occur that lab notes are unclear, and a 

scientist may not remember procedures made even if s/he wants to be honest. Poor record keeping can 

been seen as a part of misconduct, and as a questionable research practice (Shamoo, 2015).  Good 

advice to researchers is to be open and honest during the whole process, and to afterwards give 

feedback to the supervisor of what could have done differently or better. 

 

Ethical aspects of research do not only apply when experiments are done in the lab itself, but it starts 

long before the practical part and continues after it. The major ethical aspects that may occur when 

research is made for a master theses is collected in table 1 below, and it is based on Shamoo (2015) 

book named ‘Responsible Conduct of Research’. Doing research as a part of a master theses is a 

process which can be divided to different phases, and each one has slightly different ethical concerns. 

Professional responsibility, data safety and scientific objectivity, are principles that are affected during 

the whole process. Certainly, honesty and conflict of interests should be kept in mind all the time, but in 

these phases, they should really be concentrated on.      

 

Table 1:Ethical aspects of a master thesis. Modified from Shamoo (2015). 

Before theses Practical part Writing theses After theses 

-Possible 
agreements with 
the industry 

-Conflict of 
interest  

-Animals 
used in 
research/ source 
of raw material 

-What is 
revealed to 
media and by 
whom? 

 

-Co-operation 
with others  

-Sharing 
information and 
data 

-Using 
chemicals and 
equipment  

-Good record 
keeping 

- Safety of 
information and 
research 
examples  

-Stewardship 

-Plagiarism 
-Honesty  
-Is the gathered 

theoretical 
information 
reliable?  

-Co-authors 
 

-Co-authors, 
authorship 

-Intellectual 
property 

-Who owns 
research result and 
who can talk about 
it?  

Professional responsibility 

Data safety 

Objectivity 
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Before starting the process things like agreements with the industry, conflicts of interest, and animal 

welfare use should be considered. The practical part is implemented in a lab, where stewardship, good 

use of recourses and taking care of materials and tools has a big role. When the actual report is written 

the used references should be critically observed, and objectivity should always have maintained.  

Ethical aspects do not disappear when the thesis is finished. Afterwards aspects of intellectual property 

or authorship may occur.  

 

New knowledge of the biology of animals have changed and they should be reclassified as ‘sentient 

beings’ rather than products (Johnson, 1996). The “three Rs” of policy, Replacement, Reduction and 

Refinement, and additionally Relevancy and Redundancy avoidance, are used in animal experiments 

(Shamoo, 2015). It is hard to replace fish if the main research subject of the study is fish gelatin. Fish 

itself can be categorized as a lower species; and it is more acceptable to use fish heads to make gelatin 

instead of e.g. dog or horse heads. Reduction of fishes is thus not possible in this case. The amount of 

fishes used as a raw material is high, since there should be enough end product, gelatin, to analyse. 

Refinement can be done when the extraction method is adjusted, and it is effective enough. On 

relevance it could be said that since the availability of fish by-products is so high, it is relevant to use it 

properly. Redundancy avoidance is hard unless the whole research topic is changed to something else.  

 

It can be argued that the fishes used as a research material were already dead and they came as a 

by-production of the fish industry that otherwise would just go to waste. Ethics questions whenever it 

was right to kill the fishes in the first place, but at least fishes are not killed just because of the research. 

Also, since the research material comes from the fish industry there should be considerations whenever 

the company that supplies the raw material is trustworthy and implements good manufacturing practices. 

The raw material itself may reveal things of how the fish was treated during the catching and handling 

processes, and how their health was in general. It is therefore important to observe and register the 

condition of the fishes before starting the actual experiment. When fish gelatin is extracted a lot of strong 

chemicals acids or bases are used, and in a larger scale this may cause environmental problems, since 

chemicals have to be disposed properly and neutralized if necessary.   

 

Using fish side raw materials as a research material can ethically be seen at least as neutral. Since 

the research material is abundant and would otherwise go to waste, it is better use it rather than to kill 

fishes on account of science. All the raw materials used in this study were from a commercial catch and 

none of it was caught especially for this study. This raw material would therefore all have gone to waste, 

or to low value production if not used for these experiments. New knowledge obtained from the study 

may also result in better utilization of the bioresources and the reduction of waste. 
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4 Gelatin extraction methods 

 

There are many different methods to extract gelatin from fish. Commonly used methods are based on 

different acid and/or enzyme treatments, while alkali treatments are not often used for fish. The fish 

species, extraction conditions, used chemicals, time and temperature affect the yield and quality of the 

end product, which is why proper methods need to be selected in order to reach that aim (Schmidt, 

2016). The Gelatin manufacturers Institute of America  GMIA (2012) notes that “the initial extraction 

usually provides a superior product, compared with subsequent extractions.” In other words, to be able 

to achieve high quality gelatin the number of extraction steps should be low. In the next section important 

steps of gelatin extractions are presented.   

4.1 Raw material and pre-treatment procedures  

 

The raw materials for fish gelatin extractions can be frozen, fresh or even processed. According to 

Wasswa, Tang, and Gu (2007) cod is a common cold-water fish used for gelatin extraction, and it is 

often used as a comparison in the literature. However, gelatin made from cold water fish have lower 

hydroxyproline content and gel strength than warm water fish (Schriebe, 2007).  

 

Fish skin generally has a high collagen content, which is why this part of the fish is most commonly 

used for fish gelatin extractions. When the skin is used several things need to be considered, e.g. 

whether it will swell during the extraction, and heating above 55°C degrees should be avoided due to 

heat induced protein denaturation. Also, during the first step of extraction, when non-collagenous 

materials are removed by treating it with sodium hydroxide, the solution may change colour, resulting in 

that the sodium hydroxide may have to be changed several times. Also, the skin may break down during 

the extraction, which is why the final solution may need to be centrifuged before heating (Wasswa et al., 

2007). 

4.1.1 Mackerel as raw material  

 

Atlantic mackerel in Figure 2 (Scomber 

scombrus)  is a fairly new arrival in Icelandic 

waters, but it has increased its importance in 

the Icelandic fish industry during the last 

decade (Romotowska, Karlsdóttir, 

Gudjónsdóttir, Kristinsson, & Arason, 2016). 

Mackerel is fatty fish, and it is abundant and 

versatile. Mackerel contains approximately 18-20% protein, 56-74% water, and 6-23% fat.  It also has 

important nutrients like omega-3 fatty acids, selenium, niacin, and vitamins B6 and B12 (Asamoah, 

2018). However, mackerel’s chemical composition varies seasonally and geographically, and for 

Figure 1:  Figure 2: Atlantic mackerel (Scomber scombrus) 
(FAO 2019) 
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example can the fat content vary from 10% up to 30% depending on the catching season (Romotowska 

et al., 2016). Most studies on the composition of mackerel have though only focused on the composition 

of the main products, whole and/or headed gutted mackerel, and mackerel fillets. Little is known on the 

composition and physicochemical characteristics of the side raw materials, such as heads, backbones 

and skins, or their potential utilization for high value products, such as gelatin. 

 

4.1.2 Washing 

 

Washing in the beginning of the extraction process, and between procedures removes impurities and 

salts. Remaining chemicals should be washed away before the heating step.  When skin is used for the 

extraction, washing also removes some of the fat (defatting) that may still be attached to the skins 

(Schriebe, 2007; Wasswa et al., 2007).  

A normal pH of the fish is around 7, which is why this pH should also be obtained when the raw 

material is washed between procedures. However, gelatin made with the acid method may have an 

isoelectric range between pH 7 and 9, while when the alkaline method is used, the pH is mainly between 

4.7-5.4 (GMIA, 2012).  If several different acids are used for the extraction, the pH should always be 

neutral between the acid treatments. 

 

4.1.3 Pre-treatment; removing of non-collagenous proteins 

 

Pre-treatment with 0.1M sodium hydroxide (NaOH) is commonly used for breaking chemical bonds and 

to remove  non-collagenous proteins. It is the first step in the gelatin extraction, and it is suitable for all 

raw materials, including heads, skins and bones. According to Schmidt (2016) 0.05-0.1M sodium 

hydroxide is effective enough to break protein cross-links, but not strong enough to loose acid soluble 

collagen. Other suitable chemicals for removing non-collagenous proteins is sodium chloride (NaCl) 

(Gómez-guillœn & Montero, 2001; Kim & Min, 2012) 

 

The time and processing temperature for removing non-collagenous proteins can vary depending on 

the raw material, and the used method. Time may differ from hours to days, but to ensure good quality 

of the final product all the procedures should be done in a cool environment. Therefore solutions  should 

be stored at refrigerated temperatures (Karim & Bhat, 2009).  
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4.2  Chemical treatment: partial hydrolysis of collagen  

 

According to Schmidt (2016) organic acids are more efficient during extractions than inorganic. Acetic 

acid (0.5 M) is commonly used for fish gelatin extractions, and another common acid is sulfuric acid 

(GMIA, 2012).  If gelatin is used for food products, it is mostly extracted with citric acid because it does 

not affect the colour or the odour of the end product. When skin is used as a raw material a mild acid 

treatment is enough, because collagen in fish skin is acid soluble (Gómez-Guillén et al., 2002; Karim & 

Bhat, 2009) 

The alkali method has often an alkali pre-treatment, which is followed by an acid treatment. According 

to Schriebe (2007) the alkali treatment may last from a few days up to four months when 1% sodium 

hydroxide is used. Due to the long processing time the raw material will be thoroughly purified, which 

means that fewer processing steps and chemicals are needed. This, however, this knowledge applies 

for raw materials from mammals, while in the literature, there is no mention using this long processing 

time on fish.  

Acetic acid seems to be suitable for all fish parts; heads, bones and skins, and using it in all methods 

would be economical and make the process more comparable.  After the acid treatment raw materials 

are generally moved to a water bath for heating, and the gelatin is dissolved in the liquid phase (GMIA, 

2012; Schmidt, 2016) 

4.2.1 Using enzymes in extraction  

 

Enzymes may be used together with different chemicals to shorten the processing time and to obtain 

better yield. Not all enzymes are suitable for gelatin extraction; and the enzyme should be collagenase 

i.e. able to break collagen. Enzymes are mostly used with the acid method, and they are added before 

heating, which deactivates the enzymes.  

Pepsin is the most commonly used enzyme in the literature, for example by Nalinanon, Benjakul, 

Visessanguan, and Kishimura (2007) and Schmidt (2016). Pepsin hydrolyses certain peptide bonds of 

proteins, and it is active in an acid environment; and its optimal pH is 2-3 as seen in figure 3 (Seddon, 

1988). Other commonly used enzymes used for gelatin extraction are trypsin, chymotrypsin and 

pancreatin (Ofori, 1999; Żelechowska, Sadowska, & Turk, 2010).  However, enzymes are costly to use, 

and achieving good gel strength and thermal reversibility means that the degree of crosslinking needs 

to be controlled (Karim & Bhat, 2009). 
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Figure 3: Activity of enzymes at different pH conditions (Seddon, 1988) 

 

 

4.2.2 Defatting, bleaching and demineralisation 

 

Removing fat, or defatting, is commonly made with 10 % butyl alcohol, and the raw material should stay 

in the solution for at least 24 hours. Defatting is an essential procedure when skin is used for the gelatin 

production, but is also useful for bones and heads, because they may contain remains of muscle tissue.  

Bleaching is necessary when skin is used for the extraction, and the bleaching can be done by 

using 1% hydrogen peroxide for short periods of time (Eysturskarð et al., 2009). Since skin has lot of 

pigments, bleaching is mostly done to improve the colour of end product. It may also affect the yield and 

the gel strength as well as improve foaming and emulsifying properties of the gelatin. (G. Ninan, 2015; 

P. Singh., 2017; Schriebe, 2007) 

When heads or bones are used for the extraction the processing time is generally longer due to the 

higher mineral content of these raw materials (Wasswa et al., 2007). Demineralisation is used for 

removing these unnecessary minerals and suitable chemicals, which are for example Di sodium salt of 

ethylenediamine tetra acetic acid (EDTA-2-Na) or hydrochloric acid (HCl). Desalting can also be done 

with sodium chloride if needed (Duan, 2009). 

 

 

4.3 Heating extraction and drying the product 

 

Heating the raw material in a water solution is the main step of the gelatin extraction. During the heating 

collagen is partially hydrolysed, and it will form bondages with the water molecules, resulting in so called 

water soluble gelatin, which is later dried to a gelatin powder. According to GMIA (2012) the number of 

extractions may vary, and extraction times ranging between 3-6 times are common.  
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Heating can be done in two different steps; at first the solution is heated to 50-60℃ for some time, 

and after that increased stepwise in 5-10℃ temperature intervals. The temperature of the final extraction 

can be close to the boiling point of solution. However, these temperatures may apply best when the raw 

material comes from mammal sources. Too high extraction temperatures destroy the gelatin, which is 

why the temperature should not rise over 45℃ for cold water fish gelatin extractions.  

Drying can be done with different methods like in a heating cupboard, a water bath or by freeze 

drying. Freeze drying is commonly used when gelatin is extracted in the laboratory. Freeze-drying is 

considered to be a gentle drying method and is thus beneficial for production of high quality products. 

However, freeze-drying is a very energy demanding and expensive method. Therefore, before the final 

drying the solution can be concentrated by vaporisation, which reduces the drying time, and is hence 

also more economical.  

5 Materials and methods0 

5.1 Materials 

 

The chemicals used for all extractions were distributed by Distica hf., and the producer of all chemicals 

was Honeywell (Honeywell International Inc. Seetze, Germany) All the other chemicals were from 

Germany except hydrochloric acid was produced in Austria. All used chemical solutions were made with 

tap water, and both chemicals and water were weighed before mixing. The ratio between the solid raw 

materials and the chemical solutions was 1 to 3 in every processing step. The pepsin powder (≥400 

units/mg protein) used for the enzymatic method was obtained from Sigma-Aldrich (St. Louis, MO, the 

United States of America), and it was made from porcine gastric mucosa. A table of the used chemicals 

and relevant calculations can be seen in appendix 1. 

Machines, equipment and facilities used for the gelatin extraction process and analysing of the end 

product were performed at the facilities of the University of Iceland and Matís ohf.  Raw materials and 

water were weighed with a Marel C3 scale (Marel, Garðabær, Iceland) throughout the process, and for 

weighting of the end product a VIBRA Precision Balance 6.2. kg AJ-6200E (Shinko Denshi Co., LTD., 

Tokyo, Japan) was used. During the gelatin extraction process, and for final filtration two different sized 

laboratory test sieves (U.S. Standard sieve series no. 20, opening 840 µm Tyler equivalent 20 mesh 

Fisher Scientific co. Pittsburgh, PA, Eimer & Amend, New York, N.Y. The United States of America and 

laboratory test sieve BS410, mesh MAT’L P/Bronze, 125µm Endecotts (test sieves) LTD., London, 

England) were used. Before freeze drying the gelatin solution in a VirTis genesis 25EL freeze drier 

(VirTis SP SCIENTIFIC, New York, USA) it was pre-frozen to -18°C by an Ilsa S.p.A, 20 T fast refrigerant 

freezer (ILSA SPA, Castello Roganzuolo di San Fior (TV), Italy). 
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5.2 Raw materials 

 

The Atlantic mackerel (Scomber scombrus) raw material used for the gelatin extractions came from 

Síldarvinnslan hf. (Figure 4). They were caught in September 2018 from the east side of Iceland and 

frozen as whole. Frozen mackerels were thawed at room temperature overnight prior to the gelatin 

extractions. Heads and backbones were separated from the fillets manually and frozen in -25°C until 

used. Preparation of the raw material can be seen in figure 5, where the blue lines represent cuttings. 

The head was cut out as the vertical blue line shows, and after intestines were removed, all the rest of 

the fish was considered to be a part of backbone raw material that was used for gelatin extraction.  

 

 

 

 

 

 
 

Mackerel skins used for the gelatin extraction came from Ísfélag Vestmannaeyja, and the mackerel 

were caught in late July 2018. The skin was removed by a freeze drum deep skinner (Trio Fish 

Processing Machinery type FDS 105-T Stavanger, Norway) and cut at 4 mm depth into the fillet. The 

mackerel skins were frozen at -25±1.6°C from August 2018 until used. Three different extraction 

methods were used to extract the gelatin from the mackerel by-products, and they are described in the 

following section. A more detailed description of the work procedure can also be seen in appendix 2. 

Figure 4: Defrosted raw material Atlantic mackerel used as raw material for the study 



 

12 

 

 

Figure 5: Cutting of mackerel by-products; the blue lines present the parts of the mackerel (head 
and backbone) that were used for the gelatin extraction, intestines were removed. 

 

 

5.3 Extraction methods 

The gelatin extraction processes used in this experiment were based on the literature seen in appendix 

3. The extraction of gelatin from the mackerel heads, backbones and skins was done in five batches as 

seen in table 2, and a flow chart of the different extraction methods is presented in Figure 6. 

Table 2: Experimental design for gelatin extraction from Atlantic mackerel side raw materials, 
including heads, backbone, and skins. 

Fish Method Part of fish Batch 
number 

Number of 
extraction batch  

Number of 
total 
extractions  

Duration of 
method (d) 

Mackerel Acid Head  1 1 2 3   

Backbone  3 1 2 3   
Skin   4 1 2 3 9 5 

Alkali Head   2 1 2 3   

Backbone  2 1 2 3   

Skin   5 1 2 3 9 6 

Enzyme Head   1 1 2 3   

Backbone 1 2 3   

Skin   5 1 2 3 9 5 

       =27  
 

The frozen raw materials (heads, backbones and skin) were thawed at 0°C overnight. They were 

rinsed with plenty of water, and blood and visible impurities were separated from the raw materials 

before any chemical treatments. The raw materials were cut into the appropriate pieces according to 

figure 5, rinsed again and weighed. Half a kilo of each raw materials, heads or backbones, was put into 

a 0.1 M sodium hydroxide (1:3, w/w) solution overnight at 0°C. The sample size of the skin was around 

250 g per sample replicate. Sodium hydroxide was used in all methods as a pre-treatment to remove 
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non-collagenous proteins. The next day the raw materials were rinsed with tap water until the pH was 

near neutral and were then moved to a 10% ethanol solution for defatting overnight at 0°C again.   

Rinsed heads and backbones were put into 0.6 M hydrochloric acid for demineralisation and the next 

day to a 0.5 M acetic acid solution for the acetic extraction.  When the skins were used as a raw material, 

instead of the de-mineralisation step, they were placed in 1% hydrogen peroxide for 30 min at room 

temperature for bleaching.  

The raw materials were rinsed with a lot of water after every chemical procedure, and the pH was 

measured after each step. Also, after each step samples were stored in 0°C overnight. After the 

chemical treatments the raw materials were heated up in distilled water (1:3, w/w) overnight to 45 °C in 

an incubator with light stirring (80 rpm). The next day, the solid parts were removed by sieving (Mesh 

sizes 840 µm and 125µm) the solution twice, and the final solution was frozen to -18°C and then stored 

at -25°C until it was freeze dried for further analysing.   

Procedures in the enzymatic method were similar with the procedures of the acid method. The only 

difference was that 5 g of pepsin were added when the raw materials were in the 0.5 M acetic acid 

solution. The alkali method was also similar to acetic method, but instead of using acetic acid a solution 

of 0.6 M sodium hydroxide was used as the main chemical in the extraction.  
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Figure 6: Flow chart giving an overview of the gelatin extraction processes used in the study 
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5.4 Analytical methods 

 

5.4.1 Mass balances, yield and dry matter 

 

For mass balance removed raw material was measured.  Numbers present average of three 

samples. During the washing non-collagenous material like blood, remained organs was removed as 

well as foam or other impurities.  Also, raw material that continued to the process was scaled, but due 

to absorption of water and chemicals amount of remaining raw material was fluctuating. Therefore, mass 

balances present only raw material in grams and percentages that was taken out.  

The yield of the produced gelatin was calculated according to Eysturskarð et al. (2009) by comparing 

the weight of the final freeze-dried product to the weight of the raw material for each extraction treatment 

from the different mackerel raw materials. The yield of each process could thus be calculated from the 

following equation: 

𝑌𝑖𝑒𝑙𝑑 (%) =
𝑚𝑓𝑟𝑒𝑒𝑧𝑒−𝑑𝑟𝑖𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑚𝑟𝑎𝑤 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙
× 100   (1) 

 

Before the gelatin solution was freeze dried, the dry matter was defined in the final gelatin solution. 

Five 5 ml of gelatin solution was pipetted onto an evaporating dish and left at 105 ± 2 °C in a heating 

cupboard overnight. The weight was measured before and after the drying to assess the dry matter 

content of the gelatins. 

 

5.4.2 Visual inspection and colour analysis 

Visual inspection was performed on the produced freeze-dried gelatin pillows to estimate the visual 

differences between the products made with different extraction methods and raw materials. 

Appearance, smell and feeling were observed from every sample and detailed prescriptions were written 

down. After this the gelatin pillows were compared to each other by method and raw material and 

summary of that was summarized in table 3 that is in appendix 5. The visual inspection was performed 

approximately one month after production. 

The colour of the dried products was measured with a Konica Minolta CR-300 calorimetric instrument 

in three sampling positions of each freeze-dried gelatin pillow (Figure 7). The colour of the samples was 

represented in the Lab-colour scale, where L*-values indicate the lightness of the samples, a*-values 

range from green (-a*) to red (+a*), and b*-values range from blue (-b*) to yellow (+b*). 
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5.4.3 pH and water activity  

All pH measurements were done with a Knick Portavo 904 pH-meter (Knick Elektronische Messgeräte 

GmbH & Co. KG Berlin, Germany) and buffers for calibration were obtained from Thermo Scientific 

Orion (Thermo Fisher Scientific, Chelmsford, Massachusetts, the United States of America). The pH 

was measured during the whole process, as well as from the gels made from the gelatin ‘pillows’ that 

can be seen on Figure 7.  

The water activity was analysed with an AQUA LAB Dew Point Water Activity Meter 4TE 

(KONIKA MINOLTA, Tokyo, Japan).  The colour was measured on both sides of the gelatin “pillow”, and 

at three different points as seen in figure 6.   

 

5.4.4 Total protein and hydroxyproline content  

The end product gelatin was analyzed in the Matís’ chemical laboratory for hydroxyproline and total 

protein content. The hydroxyproline content was determined by a colorimetric method according to the 

Nordic Committee on Food Analysis (NMKL, 2002). The total protein content was determined according 

to the Kjeldahl method as described in the Matís Quality Manual (Matís, 2005). 

5.4.5 Gel strength   

Measurements of the gel strength was based on several sources (GMIA, 2013; Schriebe, 2007; Shyni, 

2014 ) The gel strength was measured by a TA.HD PLUS Texture Analyser by using 0.5 cylinder probe 

(P/0.5), a load cell of 5 kg and test speed of 1 mm/s while pre-test speed was 1.5 mm/s and post-test 

speed 1.0 mm/s. Measured distance was 4 mm. 

The texture of the end product, the ‘gelatin pillows’ (figure 6) was measured at first with a SMSP/75 

probe and the next day the gel solutions for gel strength analysis were prepared according to GMIA 

(2013) with the following changes. A 6.67% (w/v) solution was prepared by adding 3.25 g of each 

produced gelatin to 52.5 ml of distilled water. Solutions were made in plastic containers (5 cm in diameter 

Figure 7: Freeze-dried gelatin pillow. The blue circles indicated the sampling positions for the 
colour analysis.  
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and 5.8 cm height) and after a slight stir, they were left to absorb the water for an hour at room 

temperature. After that were the samples placed in a 45°C water bath for 30 minutes to dissolve. The 

gelatin was tempered at room temperature for two hours before they were placed in a 10± 0.1 °C 

refrigerator for gelling for 17 hours.  The next day gel strength was measured in the texture analyser, 

and the maximum peak force (g) was determined when the probe penetrated to a depth of 4 mm into 

the gel.  

5.5 Data analysis 

Data analyses were done mostly by Microsoft Excel and the IBM SPSS STATISTICS 22 was used for 

analysis of variance (ANOVA) to evaluate the significant differences between methods and part of fish 

(heads, backbones and skins), with a 95% significance level (p<0.05).  Average values and standard 

deviations from triplicates were presented as results unless mentioned otherwise.   

6 Results 

In the gelatin extractions the raw materials, chemicals and water which are entering the process, affect 

the resulting gelatin as a final product.  Each step in the process is crucial for the quality of the final 

product (GMIA, 2012; Schriebe, 2007), which is why the process should be planned and implemented 

carefully.  Especially during the rinsing, materials can be lost, which is why it can be seen as a bottleneck 

of the process. 

The hazard of the used chemicals was estimated before the extraction and chemicals were 

neutralized along the process. The use of water and time was measured during the pre-trial and the 

time used for the gelatin extraction is presented on the table in appendix 4. The water consumption was 

generally high and ranging between 80-100 l/sample, used to wash and neutralize samples between 

the chemical treatments.  

 

6.1 Mass balance, yield and dry matter 

The simple mass balance on figure 8 describes the material streams that flow in and out of the gelatin 

extraction system. The more accurate mass balances in figure 9 shows how the mass was flows through 

each extraction process. Mass balances are there presented from the acid and enzymatic methods 

when heads and backbones were used as raw material.  Water was going in and out throughout the 

whole extraction processes, and it was absorbed or expelled by the raw materials, resulting in that the 

weight of the raw material went up and down throughout the process. In the mass balance figures, the 

mass flows of the materials that were removed out are presented as percentage and grams compared 

to the raw materials or partial composition of each stream. Figure 9 shows that depending on method 

and raw material actually 45-84 percentage of the raw material entered the extraction part, which affects 

the gained yield. 
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Figure 8: Overall mass balances of the gelatin extraction processes. 
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Figure 9: Detailed mass balances for the different extraction processes 
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6.1.1 Yield of the end product 

The yield percentages of the freeze-dried gelatin products were fairly low (Figure 10). The alkali method 

resulted in the highest yield percentage in every raw material, and the lowest yield was obtained from 

the acid method used on the backbones. According to Koli, Basu, Gudipati, Chouksey, and Nayak 

(2013) is the yield of fish gelatin  generally low, and from fish skin it ranged between 3.6-7.5%, and from 

bones 2.6-4.5%. In the current study the alkali method obtained gels with weight yields within the range 

provided by Koli et al. (2013) independent of the raw material used (head, backbone or skin). 

Furthermore, the acid (2.6±0.2%) and alkali (6.2±1.3%) extraction methods used on the head, as well 

as the alkali method for backbone (4.2±0.3%) fit well within the percentage range mentioned by Koli et 

al. (2014).  

 

 

 

Figure 10: Yield percentage of end product compared to raw material weight 

 

The acetic method was also used for extracting gelatin from salmon head as a part of another master 

thesis (Liu, 2019). The yield from the salmon head was higher (6.5±0.2 % N=5) than the yield from the 

mackerel heads (2.6±0.2%). Differences between yields of the two species may be due to the complex 

nature of the fish head, differences in the chemical composition of the raw materials or differences in 

production practises. The acid method used for backbone resulted the lowest yield (0.50±0.02). One 

reason for this is that the backbones used for the gelatin extraction consisted of a lot of muscle tissue 

and very little bones that have higher collagen content (Darmanto, Agustini, Swastawati, & Al Bulushi, 

2014).  Also, like seen in the mass balance presented in Figure 9, amount of raw material entering the 

extraction stage is low (51,94±0,09%) when back bones are used. The reason for a higher yield from 
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the alkali method may be that the chemicals were too strong, so that more impurities and unwanted 

materials were also extracted with this method. Extraction time may also affect the gained yield;  

Even if the yield is an important processing parameter it does not tell much about the quality of the 

end product. However, it shows that gelatin extraction is a complex process, and that yield can be used 

to describe how effective the different methods were.  

 

6.1.2 Dry matter  

Results from the dry matter assessment of the solutions prior to freeze-drying are presented in figure 

11 and they show the same trends as the yield results described before. Little, to no water remained in 

the freeze-dried products and thus the previous step was chosen with regards to dry matter yield 

analysis.  

 

 

Figure 11: Dry matter percentages of gelatin solutions prior to freeze drying compared to the raw 
material weight. 

 

The dry matter from the alkali method was clearly higher in all raw materials, but with the acid and 

the enzymatic method there were dispersions. The acid method resulted in the second highest dry 

matter value (1.2±0.1%) from the head, while the enzyme extraction method of the backbone resulted 

in a dry matter content of 0.5±0.1% from the backbone, and 0.7 ±0.1% from the skin. 

When the dry matter was compared by extraction methods the alkali method still resulted in the 

highest values. With the acid method the backbone had the lowest dry matter values, and the head the 

highest. The enzymatic method resulted in similar dry matter values for all raw materials. The head had 

the highest dry matter content independent of the extraction method, which may indicate that there are 
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more impurities in the head, or more optimistically, that the mackerel heads can fairly effectively be used 

as a raw material for gelatin extraction.  

Even if the alkali method resulted in the highest dry matter content, it does not mean that the yield 

was the best with it. The dry matter tells only percentage when all water is removed. The method does 

not distinguish between pure collagen, other proteins, traces of chemicals or minerals etc. The steady 

values obtained with the enzymatic method may be one reason to use enzyme.  

Results from the one-way ANOVA (p≤0.05) demonstrated that there were no significant differences 

between the obtained yield and measured dry matter in the gelatin liquid, which indicates that results 

from dry matter analysis gives reliable evidence from the yield of end product. Measuring dry matter 

saves time and money since it is performed straight from the gelatin liquid as seen in Figure 6.  However, 

freeze-drying is generally considered to be a more gentle drying method, and is likely to preserve the 

protein and nutrient quality of the product better. Freeze-drying might though still be a vital step in the 

production of high-quality gelatins from mackerel side raw materials.  

6.2 Visual assessment and colour analysis 

 

The colour of the gelatines depended on the nature of the raw material and how long the applied 

extraction time was. In figure 12 all the produced gelatines are shown and the colour differences 

between them are easily visible. Also, a table of a rough visual evaluation of major characteristics can 

be seen in appendix 5. In table 3 the analytical results from the colour measurements are presented. 

The L*-value marks the lightness of the samples from 0-100, the a*-value how red or green the samples 

are, and the b*-value indicates whether they were blue or yellow.  
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Figure 12:Raw materials (top row) and the gelatins from the heads (left), backbones (middle) and 
skin (right) produced with the acid (second row), alkali (third row) and enzymatic 
(bottom row) extraction methods. 

 

During the storage between production and analysis the gelatins had some colour changes. 

However, these discolorations appeared only on the upper surface of the gelatin ‘pillows’ and not on the 

bottom. This indicates that the fat on the surface of the gelatin liquid, which remained after freeze-drying, 

can still oxidize. The colour changed through time first from yellow to orange, and finally towards an 

almost red colour. To be able to prevent oxidizing, air should have been removed carefully from the 

storage bags. Oxidation and colour changes could possibly also be avoided if the fat would have been 

removed before freeze drying, for example by adding treatment with a separatory funnel or filtering. 

Table 3: Results from the colorimetry 
  

L* a* b* 

Head Raw material 42.12±4.29 6.67±1.03 8.13±2.32  
Acid 82.49±6.52 -0.85±0.71 8.23±2.13  
Alkali 58.26±6.71 3.08±1.31 14.24±4.76  
Enzyme 75.17±11.70 0.03±0.7 7.33±2.62 

Backbone Raw material 55.49±3.65 6.70±0.87 14.88±1.32  
Acid 77.68±7.79 -0.38±0.35 4.86±1.54  
Alkali  66.02±6.48 2.20±0.85 17.48±4.60  
Enzyme 77.12±8.65 -0.13±0.51 7.41±1.58 

Skin Raw material 45.73±5.34 3.86±2.06 8.31±3.20  
Acid 75.88±8.23 -0.76±0.36 8.64±2.86  
Alkali  68.01±2.87 3.60±0.44 11.94±2.22  
Enzyme 77.18±3.59 1.52±0.54 10.83±1.46 
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6.3 pH 

The pH can be used to determine which type ( A or B)  of gelatin is obtained at the end of the process, 

and it effects how the gelatin can be used or further utilized. According to GMIA (2012) a type A gelatin 

has a pH between 7 and 9, while type B have narrower pH values between 4.7 and 5.4. The pH 

influences foam formation, and the how well the gelatin can mix with other substances (Schriebe, 2007). 

The pH of the samples was changing throughout the whole processes and measurements of the pH are 

presented in table 4. 

Table 4: pH changes during the gelatin extraction processes 

RAW 
MATERIAL 

METHOD AFTER PRE-
TREATMENT 

AFTER 
DEFATTING 

AFTER DE-
MINERALIZATION 

AFTER ACETIC 
ACID 

HEAD  Acid  8.49±0.3 8.37±0.4 6.89±0.38 7.01±0.19 

 
Alkali  7.96±0.26 8.32±0.32 6.59±0.41 8.57±0.16 

 
Enzyme  8.42±0.39 8.17±0.58 7.23±0.92 7.01±0.12 

 BACK-
BONE 

Alkali 7.63±0.44 8.10±0.26 6.61±0.06 8.21±0.34 

 
Enzyme 8.21±0.07 7.69±0.17 7.26±0.085 6.70±0.22 

 

 

Figure 13:pH of final gelatin products obtained with acid, alkali and enzymatic extraction 
methods using mackerel heads, backbones and skins as raw materials. 

 

The pH values from the gelatins (Figure 13) did not fit into the ranges according to GMIA (2012), but 

the acid method applied to the skin resulted in the closest pH value of 4.23. The gelatin produced from 

the mackerel in this study did therefore not fit into the A or B categories as defined by GMIA (2012). 
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However, this may be due to the novel extraction method, the age of the raw material used for the gel 

production, the presence of impurities or mistakes during measuring practises. Also, when the acid 

method was used for the salmon heads, the pH of3.8±0.06  was below GMIA (2012) ranges (Liu, 2019).  

  

6.4 Water activity  

In general, the water activity of the end product was low, which indicates a good and stable shelf-life of 

the dried products (Figure 14). Gelatin made by the alkali method had the lowest water activity in all raw 

material. Water activity results from the enzyme extraction method were stable, while the gelatins made 

by the acid extraction method had high water activity values.   

Smith (2011) stated that when water activity is reduced, then is the ability of micro-organisms to grow 

is also reduced. Bacteria need more moisture to grow than fungi. The threshold limits of water activity 

for spoilage bacteria is 0.90, for yeast 0.85, and  for moulds at a water activity of 0.80. However, 

enzymatic activity in food may appear at water activities as low as 0.30.  

 

 

Figure 14: Water activity of freeze-dried gelatins, extracted by acid, alkali or enzyme extraction 
methods from Atlantic mackerel heads, backbones and skin. 

 

Water activity measured from the freeze-dried raw material was lower than the water activity of the 

produced gelatin.  From the different raw materials, skin had highest water activity (0.1045±0.0038 aW) 

which may be due to fact that the according to visual inspection the particle size were larger (figure 12, 

right upper corner). The storage time and temperature may also affect the results, but when the water 

activity was measured the raw materials were recently freeze-dried, while the gelatin pillows were older 

upon analysis. Also, components are differently organized in raw material that contains everything, while 

gelatin pillows include concentrated gelatin liquid. Lipid oxidation rates generally decrease when water 

is removed, but it may also accelerate  at low (aw≤0.3) water activity (Decker, 2007). All the produced 

gelatins had water activity value around 0.2, which indicates that lipid oxidation could still occur in the 
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gelatins. Moreover, mackerel is really fatty fish and lipid oxidation on the surface of gelatin pillows were 

observed from the visual inspection.  

 

6.5 Total protein and hydroxyproline content  

6.5.1 Total protein content  

According to Schriebe (2007) the total protein content of gelatin should be between 85 and 92%, with 

the remainder being mineral salts and any moisture left after drying. None of the produced gelatin 

achieved a total protein content of 85% but the acid method applied to the backbones resulted in the 

highest protein value of 71.7%, followed by the acid method applied to the skins (total protein of 66.0%) 

(Figure 15). The enzyme method applied to the backbones produced the lowest total protein value of 

46.9%.  

Since gelatin is a protein, it has also a nutritional value, which is why it could be used as an additive 

in a wide range of food products.  

 

 

6.5.2 Hydroxyproline content 

The hydroxyproline content of the end products is presented in figure 16 below. The hydroxyproline 

content was determined from two different commercial fish gelatins on 2017 with the same analysing 

method, resulting in a hydroxyproline content of 3.29% in samples from Ankara, and a hydroxyproline 
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Figure 15:Total protein content of the freeze dried gelatin end products obtained by acid, 
alkali and enzymatic extraction methods from the Atlantic mackerel heads, 
backbones and skins. 
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content of 2.88% in samples from Codland. The acid method applied to the mackerel skin resulted in a 

hydroxyproline value of 2.48%, which is near this. 

Gelatin made from cold water fish species from the North Atlantic region generally contains less 

proline and hydroxyproline than gelatin made from warm water fish. Low proline and hydroxyproline 

contents reduce the gelling power of the gelatine and gelling is a complex mechanism. However, gelatin 

from cold water fish should have good film formation and emulsifying properties, and could as such be 

used as embedding of oil-based vitamins (Schriebe, 2007). 

 

Figure 16:Hydroxyproline content of the end products obtained through acid, alkali and 
enzymatic gelatin extraction methods from Atlantic mackerel heads, backbones and 
skins. 

 

 

6.6 Gel strength  

 

According to Schriebe (2007) the Bloom value of commercial gelatine types are within the range 50–

300 Bloom. Gelatines with high Bloom values have higher melting and gelling points, and shorter gelling 

times in the final product. They are also generally lighter in colour and more neutral in odour and taste. 

The result from the measured gel strengths varied greatly in the current study. Measuring gel strength 

needs to be strictly controlled and the temperature must remain at 10°C. Time also affected the results, 

but samples measured last had different values than their peer sample which were measured first. Direct 

comparison between the obtained gel strength values to the Bloom value of other studies was not 

possible, since a modified gel strength analytical method had to be used. However, the analysis 

effectively indicated differences in gel strength between the gelatin extraction methods and raw 

materials in the present study (Figure 17). 
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Figure 17: Gel strengths of the gelatin end products from acid, alkali and enzyme extraction 
methods from Atlantic mackerel heads, backbones and skins. 

 

The alkali method formed gels instantly, but the next day the samples were waterish. The samples 

from the enzymatic method did not dissolve, but the next day they had produced firm gels. Gels made 

from salmon heads were water-like, they did not dissolve easily and the next day they remained watery. 

The alkali method resulted in the lowest gel strengths in every raw material. Gels made from the salmon 

heads had a gel strength of 6.23±0.05g, which is compatible to the result obtained in the mackerel heads 

with the alkali method (6.6±0.5). Overall the enzymatic method applied on the mackerel head raw 

materials resulted in the highest gel strength values.  

 

Due to a small sample amount only gel strength analyses on the alkali and enzyme extraction 

methods could be performed on the backbone material.  The enzymatic method resulted in better gel 

strength than alkali. When skin was used as a raw material the acid method had the highest value of 

86.1±25.3 but it also had the highest standard deviation, indicating that the method needed to be further 

standardized.  
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7 Conclusions 

 

Extraction of gelatin from mackerel side raw materials gave promising results. Even if total protein 

content didn’t achieve standard 85-92% it was still high, and content of hydroxyproline indicated similar 

results than the commercial gelatin. Based on this, gelatin extracted from mackerel could have 

possibilities as a protein supplement in the future.   

Extraction method for gelatin can be adjusted according to these results. For example, for mackerel as 

a raw material defatting phase is crucial and more effective ways to remove fat should be examined. 

Also, extraction time as well as total procedure time should be shortened and recycling chemicals back 

to process needs more investigation. However, this method is suitable for gelatin extraction made by 

batch process.  

The assumption in the beginning was that skin would have the best yield, but results (Figure 10) 

revealed that the best yield (6.2±1.3) % was gained by alkali method that was used for the head.  That 

also repealed the estimation that the alkali method would result low yield, since it had best yield in every 

raw material. Hypothesis that ‘skin would have low yield’ did not prove since lowest yield was from 

enzymatic method used for backbone. 

  Based on the pre-trials, it was assumed that gelatin from the head have a greyish colour, but as 

Virhe. Viitteen lähdettä ei löytynyt. showed acid method used for head resulted the lightest colour. 

From using the acid method on the mackerel head resulted in the lightest product (with an L* -value 

82.49±6.52) from all results. The bottle neck was washing as seen in figure 9 the loss of raw material is 

high. Acid method with skin didn’t result better yield, but alkali did work well with head, when just yields 

are observed. Extraction, the heating is crucial to form water soluble gelatin but since it was executed 

in the incubator at the low temperature (45°C) it can be inferred that the conditions were stable. However, 

there is no data available of temperature changes during the extraction.  

Overall this study demonstrated that it is possible to extract edible fish gelatin from mackerel side 

raw materials and specially results from mackerel heads were promising, which is why it needs to be 

investigated more in the future. 

8 Future perspectives  

 

This study investigated the possibilities of extracting fish gelatin from underutilized mackerel side raw 

materials. It set a basis for further research, and the next step could be to extract fish gelatins where 

different fish species and parts are mixed. One way to do this is to use the methods and fish 

species/parts that had the best yield in this experiment. Wasswa et al. (2007) stated that a mixture of 

several fish species would give the best result. Also, it would be interesting to use the natural enzymes 

from the fish stomach and compare their performance in the extraction processes with vegetable- and 

animal-based enzymes. 
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Small after projects could include to use produced fish gelatins to make marshmallows and compare 

its characteristics with marshmallows from tuna and salmon gelatins. Using fish gelatin for food products 

would give further information about gelling properties, and sensory evaluation would be beneficial to 

assess the taste and smell of the gelatin products.  

Since there is a huge need for plastic replacements, gelatin can be seen as an interesting choice in 

some cases. There are already articles using gelatin as a covering film in various applications. Also, 

mixing chitin/chitosan together with fish gelatin could be an interesting subject of study, and suitable to 

produce in Iceland. The total catch in 2015 in Iceland was 1,319,000 tonnes and according to Arason 

(2009) underutilized raw materials can present even three-quarters of the total weight of the catch. 

Because of this gelatin extraction could be a good option to utilize fish by-products in Iceland in a more 

sustainable and effective way. 

 

An applied gelatin extraction process is suggested as a part of total mackerel production in figure 

18. The end products that can be used straight for human consumption are marked with green colour. 

During the gelatin extraction a lot of muscle tissue is removed, which could be used as a raw material 

for fish balls or surimi, since surimi partially undergoes a similar chemical treatment. Also, remaining 

solids from gelatin extractions could be used as a fish glue, which have applications in wood industry 

and as a seed bed. The purpose of this project was to figure out whether mackerel side raw material 

could be utilized for a high value production such as gelatin production.  

 

There are many possible ways to extract fish gelatin and the procedures are seemly simple. It 

requires chemicals, time and effort, but not heavy machinery or equipment. Therefore, it could also be 

done in a modest environment. Using the same pre-treatments and many of the same chemicals within 

the different methods was effective and economical from a processing point of view and made the results 

more comparable. 
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Figure 18. Gelatin extraction as a part of total mackerel production 
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Appendixes  

 

Appendix 1: table of chemicals 
 

kg ratio  
        

weight of raw 
material  

0.5 1 
        

amount of solution  1.5 3 
        

           

Chemical  Molarity 
mol/l 

Molecular 
weight g/mol  

Mole δ=density 
g/cm3 

V=m/δ Dry 
matter/substance 
g for one batch  

Dry 
matter/substance 
for one+10% 

   Amount of 
water l 

Total 
times of 
use 

NaOH 0.1 40 0.15 
  

6 6.6 g 1.5 27 

H2O2 Hydrogen 
Peroxide 1% 

 
34.0147 

   
0.015 0.0165 l 1.485 9 

H2OH Ethanol 10%  
 

46.068 
   

0.15 0.165 l 1.35 27 

CH3COOH acetic 
acid 

0.5 60.05 0.75 1.05 0.042893 45.0375 0.047182 l 1.457107 27 

 HCl 0.66 36.46 0.99 1.19 0.030332 36.0954 0.033365 l 1.469668 18 
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Appendix 2: work procedure for gelatin extraction 

Date: Method: 
Enzyme  

Fish: Mackerel 
Part of fish: 
Head/Backbone 

Number of Extraction 

patch  

 

Description of the raw material:  

Time/day Procedure Notes          

 Frozen raw material to 
thaw 
(preparation of the 
solutions) 

Temperature of the fridge:  
 
Total time of thawing: 

 Washing the raw 
material 
(cold water), cutting the 
raw material  
 

Equipment: knife/scissors, cutting board  
 

 Weighting:  Weight of the raw material:  

 
 1. Pre-treatment; 

removing of non-
collagenous protein   
0.1 M NaOH, overnight 
0°C   

Total time of pre-treatment: 
 
 

 Weighting: Weight of the solid part:  Amount of the remaining 
chemical: 
 

 2. Washing until pH 7 pH:  
 

 3. Fat removing 
 10% ethanol, overnight 
0°C  
 

 

 Weighting Weight of the solid part:  Amount of the remaining 
chemical: 
 

 4. Washing until pH 7 pH:  
 

 5.De-mineralisation  
0.6 M HCl, overnight 0°C  
 

 

 Weighting Weight of the solid part:  Amount of the remaining 
chemical: 
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 6. Washing until pH 7 pH:  
 
 
 
 

 7. Partial hydrolyse of 
collagen  
0.5 M Acetic acid + 0.1% 
pepsin  
overnight at 0°C  
 

Total time of procedure:  
 
 
 
 
 

 Weighting  Weight of the solid part:  Amount of the remaining 
chemical: 
 

 8. Washing  pH:  
 

 9.  Extraction, heating 
in distilled water 1:3, 
45℃   12h/ overnight 

Amount of water:                               Total weight before:  
 
Total time:  

 Weighting Weight of the solid part:  Amount of the remaining 
chemical: 
 

 10 Drying  
  Freeze drying 5 days  

 

 Weighting Weight of the final product:   
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Appendix 3: Table of literature 

 Reference Fish/ part Pre-treatment Extraction Heating Yield End treatment Else  

1 Duan, 2007 Carp, scale 0.1M NaOh 6h 
1:8 
Decalcification
: 0.5M EDTA-
2Na 1:10, 24h 

0.5 Acetic acid 1:2.5 
4 days (centrifuged 1 
h) desalting NaCl 

no    

2 Elavasaran et al 2017 Tiger tooth 
croaker, head  

0.1M NaOH 
1:3, 0.5h 

 90+5°C 40 min 1.67 %.   Not so many chemicals used, head was 
crushed to paste and centrifuged several 
times, final solution in water, pH 7.  

3 Gómez-Guillén, M.C. & 
Montero P 2001  

Megrim skin 0.8 M NaCl, 
1:6 
Also 0.2 M 
NaOh 1:6 for 
0.5 h at 5°C 
constant 
stilling and 
rinsing with 
water, 
repeated 3 
times    

0.05M, 0.1M 0.5M 
Organic acid: 
Formic, acetic, 
propionic, lactic 
nakuc, tartaric and 
citric acid, 1:20   

After acid treatment 
filtered, air dried 
convection oven 40 
C until moisture less 
than 15%  

  No improvements of rheological properties 
were found when acid concentration was 
increased above 0,05 M Acetic acid molecule 
can cleave hydrogen bonds and become 
associated with the carboxyl group of the 
peptide bound 
’ 

4 Gómez-Guillén, M.C. 
2002 

Megrim, 
dover, sole, 
hake and 
squid, skin  

 0.05M acetic acid  45C distilled water 
overnight  

Sole 
8.3% 
megrim 
7.4% 
cod 
7.2% 
hake 6.5 

Dried until the 
moisture less than 15 
% 

Higher temperature in extraction 80c and  
squid skin collagen  is less solunle than others  
 

5 Gómez-Guillén, M.C., 
Pérez-Mateos, M., 
Gómez-Estaca, J., 
Lopez-Caballero, E., 
Giménez B., 
Montero, P. 2009 
 

Edible films       To conclusions, edible films, because the 
plastic is bad, gelatin film could be one to 
replace it – interesting to study further 
This article has list of fishes used for gelatin 
table of amino acids and articles (alternative 
for mammal gelatin) 

6 Montero, P, Gómez-
Guillén, M.C. Borderías, 
A. J. 1999 

Hake   0.5 acetic acid     Not useful, method described in Montero 
1991 

7 Kim, D & Min S. C., 
2012 

Film: Trout 
skin (frozen) 

0,8 N NaCl Method from Chiou 
et al. 2006.  0.2. N 
NaOH cold, stirred 
40 min washing and 
rinsing 3 times 0,2N 
H2SO4, 0.7% citric 
acid   
 

with distilled water 
45 C 12 h   

 Filtered with 
Whatman filter paper, 
filtration freeze dried 
72h  

Edible film development 
The degree of protein denaturation is related 
to heating time and temperature, which 
affect the solubility 
and mechanical properties of the films 
prepared (alternative for mammal gelatin) 
table about hydroxyproline, proline content, 
amino acid composition  

8 Liu, Li, Guo, 2007 Channel 
catfish skin  

Pre-treatment 
for fish skin 
must be mild 
due to high 
content of 

Cut to 2-5mm pieces 
for extraction, 1:10 
CaOH 68-72h 
washed, 1M H2SO4 
for neutralizing 

40-46C 5-6h    Filtered with 
Whatman paper, dried 
until moisture less 
than 10g/100g dry 
gelatin  

Conclusion high gel strength higher gelling 
ability lower thermo stability than porcine 
skin gelatin.  
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soluble 
collagen 
Calcium 
hydroxide, 
acetic acid, 
citric acid as a 
pre-treatment 

calcium hydroxide -
washing to remove 
calcium sulphate  

9 Morimura, Nagata 
2002  

Yellow tail 
fish, spine 
compared 
with pig skin  

Crushed, dried 
in pressure, 
1:10 Fat 
removal with 
hexane, 
removal of 
inorganic 
compound 
from bone 
0.6N HCl 24h 
room 
temperature 

Acid: acetate +Hcl, 
alkaline: NaOH  

60°C stirring 1h   Filtration,    Collagen, how to calculate degree of 
polymerisation  

10 Nagai, Suzuki 2000 Collagen, skin 
bone and fin 
from Japanese 
seabass, chub 
mackerel, 
bullhead 
shark, skipjack 
tuna, yellow 
sea bream 
horse 
mackerel, 
yellow sea 
bream  

SKIN: 0.1N 
NaOH to 
remove non-
collagenous 
proteins, 
washed 
lyophilized 
skin with 
10%butyl 
alcohol for 1 
day, washed 
and 
lyophilized 

0.5M Acetic acid 3 
days, centrifuged, re-
extracted 2 days, 
centrifuged Salted 
out NaCl centrifuged, 
dissolved 0.5M 
acetic acid dialyzed 
0.1M acetic acid 
distilled water 
lyophilized  

Skin 25-26,5C, bone 
29-30°C, Fin 28-29°C 

Skin 
collagen 
51.4% 
bone 
collagen 
42.3% 
fin 
collagen 
5.2%  

  

BONE: 
decalcified 
0.5M EDTA 5 
days, fat 
removed 10% 
butyl alcohol  

 

FIN: 0,5M 
acetic acid 3 
days 
centrifuged-- 
fat removed 
10% butyl 
alcohol  

 

11 Gudmundsson, M   Cod, megrim, 
tuna and 
tilapia 
combined with 

Method from 
Gudmundsson 
and 
hafsteinsson  

     



 

42 

 

bovine and 
porcine  

12 Ninan, G., Joseph, J., 
Abubacker, Z. 2010 

Film:  rohu, 
common carp, 
grass carp 
compared 
with bovine, 
pork skin 
gelatin 

From 
Gudmundsson 
and 
Hafsteinsson 
1997, 
pretreatment 
0.2%NaOh, 45 
min, 0.2% 
sulfuric acid 45 
min, 1% citric 
acid 2 times  
1:6 

  Yield 
betwee
n 6-
19%g 
gelatin/ 
100g 
clean 
skin in 
this 
study 
10-13% 

 Fishy odour can be removed by activated 
carbon treatment price of fish gelatin 4-5 
times higher,  

13 Otoni, C., Avena 
Bustillos, R. J et. al.  
2012  

Film      Gelatin thermoreversible 

14 Sarabia, A.I., Gomez-
guillen, Montero 2000 

Megrim skin 
compared 
with tilapia  

0.8M Nacl 1:6 
at 5°C 10 min  
3 times  

0.2M NaOH 1:6 5C 
30 min 3 times, 
0.05M Acetic acid 
1:10 3h room 
temperature  

45°C distilled water 
overnight   

 filtered with Whatman 
filter paper, air dried 
convection oven 40-
42C moisture content 
less than 15% 

Gelatin A with mild pre-treatment references 
from 60s  adding salt improves functional 
properties  

15 Wangtueai, Noomhorm 
et al.  2010  

Film: lizardfish 
scales  

0.1% NaOH 
room 
temperature 3 
hours  

 78.5°C water bath 3 
hours in distilled 
water 1:2  

 Dried in vacuum dryer Transglutaminase increased gel strength. The 
major difference between 
mammalian and fish gelatin is, that the imino 
acid content that leads to 
differences in rheological properties.  

16 Zhang, Duan et al.2009  Collagen, 
silver carp 
scale  

From Nagai 
and Suzuki 
2000, 0.1M 
NaOH 6h 1:8 
decalcification 
0.5M EDTA 
1:10 

0.5M Acetic acid 1:3 
3 days, centrifuged, 
salted out and 
centrifuged again.  
0.5M Acetic acid  

   Fish gelatin safer than mammalian--  

17 Zeng, Yan 2010  Skin Nile 
tilapia  

NaOH 1-5% for 
1-5h room 
temperature  

HCl 0.1-0.19% for 30-
120 min  

60°C 3 h in distilled 
water 

20.4% Centrifuged, filtered 
with paper, vacuum 
concentrated hot air 
dryer  

 NaOH to remove non-collagenous proteins 
and pigments, chance of solution when it 
became black 

18 Kim, Bae et al. 2006  Film:  
commercial 
fish gelatin 
used  

Not 
interesting 
article  

     

19 Yi 2006  Film 
commercial 
fish gelatin 
used  

This article 
analyses 
viscosity etc.  

     

20 Mahmood et al 2016 Review, acid 
process most 
common,  
 

Washing for 
remove 
superfluous 
material 0.4N 
NaOH 4h 1:7 

Distilled water 70C 
1.5h filtering with 
cloth  

  Dried 50°C hot air 
oven 1.5h  
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21 Zekechowska E.  Collagen Baltic 
cod back 
bone, 
enzymatic  

0.1M NaOH, 
demineralizati
on 1.0M HCl 
method from 
Sadowska and 
Majewska   

0.5M Acetic acid 
(25% collagen was 
dissolved) adding 
pepsin almost 
everything was 
solved  

 25%   

22 Montero, P, Borderias, 
J. 1990 

Muscle and 
skin of hake, 
trout 

 0.5 acetic acid   Collagen 
yield 
95% of 
protein  

  

23 Gomez.Guillen, 
Carmen, Montero, Pilar 
old  

Megrim skin  0.8M NaCl 3 
times 

0.05-0.5M formic, 
acetic, propionic, 
lactic, malic, tartaric 
and citric acid 

  Filtered with paper air 
dried convection 
oven40°C until 
moisture less than 
15%  

 

24 Karim, Bhat, 2009 review article    6-19%, 
with 
pepsin 
22-40% 

 Yield depends also from where it is 
calculated, and with what it is compared -> 
hydroxyproline content, 100g/ raw material 

25 Pang sheng Wei 2016   0.56-0.67M Acetic 
acid best yield 

 Skin 
2.27%, 
scales 
0.13%, 
bones 
0.64%, 
fins 
0.82% 

  30% total protein is collagen in this article 
collagen structure, Acid for skin   

26 Zahrani  Sole Skin, 
collagen  

0.1M NaOH 
24h -> 
Filtered, 
washed, pH 
measurement 
after each 
wash, 10% 
butyl alcohol 
48H  to 
remove fat 
1:10, change 
of alcohol 
after 24h  

0.5M Acetic acid 3 
days 4 °C 

4°C  1.66% NaCl added to the 
supernatant to salting 
out  

Filtered always with paper, perhaps with skin 
its need to be centrifuged otherwise hard to 
take dry matter out -> three different 
methods recommended, didn’t find 
collagen??  scales may affect collagen 
solubilizing process EDTA for demineralizing 
filtering with specific membrane   30% total 
protein is collagen 

27 Schmidt et al 2015 review article, 
collagen 
extraction  

 0.5M Acetic acid 
solution 72 h 4°C 
constant stirring  

   Using ultrasound, chemical collagen 
justification for enzymatic process 

28 Souza, Macedo-Viegas 
2015 

Processing 
yield and 
chemical 
composition of 
rainbow trout  

      

29 Alfaro, Balbinot et al. 
2014  

review article      chemical features of collagen, why pH is 
important -> viscosity  

30 Scott, L. 1998   Amino acid 
composition of 
fish  
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31 Koli, Basu et al. 2012  review article  Methods 
compared  

     

32 Montero 2000 Megrim  0.15  citric acid NaCl and diluted 
NaOH, then swelling 
with acetic acid 
followed 
by an extraction step 
in water at 45 °C. 

   Collagen/gelatin chemical structure  

33 Kodziejska 2008 Head and back 
bone of Baltic 
cod, smoked 
salmon, skin of 
herring  

   71-75 
fresh 
salmon 
skins, 
cod 
backbon
es 86 
smoked 
salmon 
skin, 
herring 
100% to 
collagen 
to 
gelatin  

 Flow chart 

34 Haddar, Bougatef et al. 
2011 

Tuan head 
bones  

Alkaline 0.4 M 
HCL CaOH2 
method  

 75°C 4h  18% Freeze dried  Not good argument  

35 Arnesen & Gilberd 
2007 

Salmon skin  Method from 
Gudmundsson 
1997, pre-
treatment 
0.04 N NaOH  
30 min     

0.12 Sulphuric, 
0.005M Citric acid  

In distilled water 
56°C, 65°C filtrated 
with nylon mesh   

 Demineralisation 
afterwards 
concentrated  

 

36 Eysturskard et al. 2009 
2 

Commercial 
cold-water fish 
gelatin 
compared 
with acid 
porcine skin 
gelatin + 
haddock, 
saithe and cod 
skin  

0,1M NaOH 
24h washed 
until neutral 
water, fat 
removed with 
10% butyl 
alcohol 24h 
washed 
bleached 1% 
hydrogen 
peroxide 30 
min 5 C gentle 
shaking  

0.01M Acetic acid 
12h 22°C 1:10  

   alkali skin method 

37 Eysturskard 2009 1 Saithe  0.1M NaOH  
1:10 24h, 
defatting 10% 
butyl alcohol 
1:10 24h 
bleached 1% 
hydrogen 

0.1M and 0.01M 
Acetic acid 
  

  Incubated 22°C for 1 h 
before freeze drying 
0,01M and 12h and 
also 18h 0,1M acetic 
acid  
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peroxide 30 
min   

38 Gudmudsson & 
Hafsteinsson 1997 

Cod skin NaOh 40 min Sulfuric acid citric 
acid  

45°C over night 
without stirring  

 Filtered with paper 
and air dried 

 

39 Hattrem 2014  
Physicochemic
al properties, 
this article for 
theory part  

      

40 Kim & Min 2012   Film, trout 
skin   

Rinsed, 0.8N 
NaCl  

0.2N NaOH 40 min 
0.2N H2SO4 and Citric 
Acid  

Distilled water 45°C   Filtered and freeze 
dried 

 

41 Ramos et al.   2016 Film, review 
article  

     Gelatin structure 

42 Nalinanon 2006  Bigeye 
snapper skin 
and Pepsin 

0.1N NaOH 
1:10 6h 
changed every 
2 h defatted 
10% butyl 
alcohol 18H 
1:10 

0.5M Acetic Acid 
1:15  

4°C 5.31 
and 
with 
pepsin 
18.74%  

 Also have comparative studies  

43 Khiari et al. 2011 Mackerel head 
organic acid 
method from 
Gómez-Guillén 
& Montero  

0.1N NaOH 1:3 
0.5h/ 3krt 

0,05M Acetic, citric, 
lactic malic and 
tartaric acid 1:3 4h in 
45°C washed before 
heating  

45°C overnight in 
distilled water 
continuous stirring   

3.3-
3.7% 

Filtered with 
Whatman paper, 
evaporated under 
vacuum 45°C, freeze 
dried    

Links to References  

44 Wassawa, Tang, Gu 
2007 

multiple 
methods   

acid and 
enzyme   

    Good for text, justification  

45 Ofori, R. A.  1999   Citric acid for 
demineralization and 
EDTA for 
deionization to 
remove inorganic 
salt  

 Yield of 
hydroxy
proline 
and 
collagen 
%  

 0.1% enzyme concentration optimal  

46 Kim, Mendis 2006  Review 
bioactive 
compounds 
from marine 
processing by-
products 

Theory of fish 
gelatin 
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Appendix 4:Time consumption during the gelatin extraction 
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Appendix 5: Visual inspection 

 

 

 Head Backbone  
Skin 

 Colour Odour Sense Colour Odour Sense Colour Odour Sense 

Raw material mostly dark brown 
some black and 
white sections 

no odour hard, 
different size 
pieces  
 

light red and 
brown 

not 
recognizable 
smell 

mostly powder, 
different size 
pieces 
 

red, white, black 
and gray 

no odour  soft pieces of 
skin 

Acid hard white strong acetic 
smell 

hard light cream 
white 

no odour soft cream white  no odour soft 

Alkali second lightest 
colour, reddish 
coloration  

rancid smell 
 

mainly 
broken and 
in the small 
pieces, some 
bigger parts  
 

lightest colour 
of alkali 
method, 
reddish 
coloration   

fishy smell totally in small 
pieces, powder,  

darkest colour of 
alkalic method 
but most 
constant  

most 
pleasant 
smell, light 
acetic 

whole gelatin 
pillow, hardest, 
elastic 

Enzyme white  most pleasant 
and lightest 
smell light 
acetic was 
 

harder than 
backbone 
and skin 
 

backbone 
lightest colour 
of enzymatic 
method  

light acetic 
smell 

backbone was 
most elastic and 
softest, 

greyish  light acetic 
smell, 
strongest 
smell of 
enzymatic 
method 

rubber like 


