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Ágrip 

 
Helsta markmið verkefnisins var að meta gæðamuninn á Atlantshafsþorski (Gadus morhua) og 

Atlantshafslaxi (Salmo salar) sem hafði verið geymdur og fluttur í misstórum umbúðalausnum. Einnig 
var gerð greining á áætluðum flutningskostnaði við flutning fersks fisks í misstórum umbúðum. Vatnstap, 

áferð, vinnslunýting, suðunýting, NMR og skynmat var notað til að meta gæði. Misstórar umbúðalausnir 

og forkæling höfðu almennt lítil áhrif á gæðastuðlana sem voru skoðaðir fyrir utan vatnstap. Dýpt 

umbúða, ofurkæling og geymslutími höfðu áhrif á vatnstap. Mesta vatnstapið var í stærstu umbúðunum 

og meira vatnstap mældist í ofurkældum laxi miðað við ísaðan lax. Ný tvíburaker hönnuð af Sæplast 

Iceland ehf. geta bætt rúmmálsnýtingu kera í bakafragt um 53% miðað við algengustu kerategundir sem 

notaðar eru á Íslandi. Með því að nota tvíburakerin til að flytja heilan þorsk og lax sjóleiðis til Evrópu er 
hægt að lækka flutningskostnað töluvert miðað við algengar kerategundir. Niðurstöður þessarar 

rannsóknar benda til að dýpt fiskikera ætti að vera takmörkuð við 20-30 cm til að lágmarka vatnstap. 

Ofurkæling á ferskum matvörum getur haft mikla kosti í för með sér fyrir framleiðendur og neytendur en 

nákvæm og stýrð ofurkæling er nauðsynleg til að auka kosti hennar umfram hefðbundna ísun.   



iv 

 

Abstract 

 
The main goal of the thesis was to evaluate the quality differences of Atlantic cod (Gadus morhua) and 

Atlantic salmon (Salmo salar) that had been stored and transported in different sized packaging 

solutions. The estimated costs of transporting fresh fish in different sized packaging was also evaluated. 

Drip loss, texture, processing yield, cooking yield, NMR and sensory methods were used as quality 

parameters. Different sized packaging solutions and pre-chilling methods had generally minor effects 
on the quality parameters evaluated in the present study, with the exception of drip loss. Drip loss was 

affected by packaging depth, chilling methods and storage duration. The greatest drip loss was detected 

in the largest packaging solutions and superchilling salmon also resulted in greater drip loss compared 

to iced salmon. New twin containers developed by Sæplast Iceland Ltd. can improve volume utilization 

during back freight by 53% compared to the most commonly used insulated containers in Iceland. The 

use of twin containers to export whole Atlantic cod and Atlantic salmon by sea to Europe can also reduce 

transportation costs significantly compared to common packaging solutions. The present results indicate 

that fresh fish container depth should be limited to 20-30 cm with regard to drip loss. Superchilling of 
fresh foods can have many benefits for producers and consumers but a controlled and optimized 

superchilling process is needed to ensure its effectiveness as compared to traditional icing. 
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1 Introduction 
Insulated plastic containers with volume capacity of 300-600 L have replaced smaller, more primitive 

wooden and single wall plastic containers in many fish industries worldwide. The main reasons are faster 

and easier handling and transport of the fish, improved temperature control, traceability, grading and 

quality. Atlantic cod, arguably the most important fish species caught near the coasts of Iceland, along 

with most demersal species, are most commonly stored fresh and transported in 460 L insulated plastic 

containers. Storage containers are one of the many factors which influence the quality of fresh fish, 

along with bleeding, gutting, chilling and handling to name a few.  

The world’s population is constantly growing which requires increased food production to secure the 

global food supply. Fish farming has been receiving increased attention and aquaculture is expected to 

contribute to the global food supply with Atlantic salmon as one of the major species. In 2014, global 

production of farmed Atlantic salmon exceeded 2.3 million tons and production is increasing every year 

(FAO, 2011-2018). The aquaculture sector largely utilizes expanded polystyrene (EPS) packaging for 
transport of whole gutted fish as well as fillets but EPS packaging has much smaller volume capacity 

(around 40-50 L) compared to larger insulated plastic containers (300-600 L). The insulated plastic 

containers are reusable and consist of polyethylene (PE) shell filled with either PE or polyurethane 

(PUR) foam while the single-walled EPS boxes are intended for single use only. The volume capacity 

and size of packaging has an impact on transportation costs, and the use of insulated containers can 

offer decreased transportation costs of fresh fish products compared to EPS packaging (Jónsson, 2016). 

 

Figure 1. New 290 L twin containers developed by Sæplast Iceland Ltd. (Sæplast Iceland Ltd., 
2018). 
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Sæplast Iceland Ltd., an Icelandic food container manufacturer, has developed new insulated plastic 

containers (tubs) which are shallower than the traditional 460 L (42 cm deep) and 660 L (60 cm deep) 

containers (Figure 1). The new containers are so-called twin containers which stack more efficiently and 

therefore save valuable space during back freight. The new containers are intended to improve volume 

utilization during transport and storage, decrease transport cost, preserve food quality as well or better 

and improve stacking safety compared to existing packaging solutions.  

Export of fresh fish from Iceland is constantly increasing in conjunction with increased demands of 

fresh quality foods by consumers. The development of Sæplast’s new containers is an attempt to 

optimize transportation methods and improve the quality of fresh products, which the current thesis will 

shed a light on.   

 

1.1 Thesis objectives and structure 
The primary goal of this thesis was to evaluate the quality differences of fresh Atlantic cod and Atlantic 

salmon, stored and transported in different sized insulated plastic containers, including the new 290 L 

twin containers developed by Sæplast Iceland, as well as EPS boxes. The differences of superchilled 

and iced Atlantic salmon were also studied as well as the estimated transportation costs of different 

packaging solutions.   

Two separate studies were conducted, one on Atlantic cod and one on Atlantic salmon. Two official 

Matís reports were published on the studies, as well as one journal article which will be submitted to the 

scientific journal “Packaging Technology and Science” early 2019. The two reports and journal article 

are henceforth referenced as: 

• Rúnar Ingi Tryggvason, Magnea Karlsdóttir, Björn Margeirsson, Aðalheiður Ólafsdóttir and 
Sigurjón Arason. The effects of insulated container depth on the quality of iced Atlantic cod. 
(Matís report 04-18). 

• Rúnar Ingi Tryggvason, Magnea Karlsdóttir, Björn Margeirsson, Aðalheiður Ólafsdóttir and 
Sigurjón Arason. The effects of insulated container depth on the quality of iced and 
superchilled farmed Atlantic salmon. (Matís report 12-18). 

• Rúnar Ingi Tryggvason, Björn Margeirsson, Magnea Karlsdóttir, Aðalheiður Ólafsdóttir, 
María Guðjónsdóttir, Sigurjón Arason. Effects of food container depth on the quality and yield 
of superchilled and iced Atlantic salmon. Draft intended for submission early 2019 to the 
scientific journal “Packaging Technology and Science”. 

The full reports and journal article draft are presented in Appendix I, Appendix II and Appendix III. 
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2 Review of the literature 
The following chapter will review scientific knowledge on the subject. It will discuss the main quality 

factors of fresh fish, mainly of Atlantic cod and Atlantic salmon, and the effects of novel chilling methods. 

It will also cover recent developments of food and fish containers and their effects on raw material. 

Finally, it will review the economic status of the species, relevant to the Icelandic fishing industry.  

2.1 Fresh fish  

2.1.1 Atlantic cod 
The Atlantic cod (Gadus morhua) is a common demersal fish found in the Atlantic Ocean (Figure 3). 

The Atlantic cod belongs to the Gadidae family, along with other commercially important species such 
as Pacific cod, haddock, pollock and whiting (FishBase, 2012). The Atlantic cod is distributed over the 

north Atlantic Ocean as well as the Arctic. It can be found from Cape Hatteras to Ungava Bay along the 

North American coast, on the west and east coast of Greenland, around Iceland and around the coasts 

of Europe from the Bay of Biscay to the Barents Sea (Figure 2) (FAO, 2018c). 

 

Figure 2. Geographical distribution of Atlantic cod around the Atlantic- and Arctic Ocean (FAO, 
2018a). 
 

Cod can grow up to 2 meters long and weigh up to 96 kg but it is more commonly caught up to 1 

meter long and weighing around 5-12 kg. Cod in the North Atlantic usually spawns from December to 

June at depths less than 50 m and never beyond 200 m. Cod is known as one of the world‘s most fertile 

fishes, where each female produces 1 million eggs on average. Cod is an omnivorous species, where 

larvae feed on plankton, juveniles feed on invertebrates and fully grown cod feeds on invertebrates and 
other fish, such as capelin (Cohen, Inada, Iwamoto, & Scialabba, 1990; Jónsson & Pálsson, 2013).  
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Atlantic cod has been one of the most important commercial fish species in Iceland for hundreds of 

years, where it is mainly sold fresh, frozen, salted or dried and produces several common by-products, 

such as cod liver oil, fish meal and other products included in cosmetics, pharmaceuticals and functional 

foods (Jónsson & Viðarsson, 2016). Due to cod‘s importance as a commercial species, it was heavily 

fished in the 1900‘s, reaching a peak in 1968 with a total reported catch of 4 million tons. Excessive 

fishing resulted in a decline of the Atlantic cod stocks and reduced catches everywhere, to less than 1 

million tons in the 2000’s, and eventually labelling Atlantic cod as a vulnerable species on the red list of 
threatened species by the IUCN (International Union for Conservation of Nature) (Sobel, 1996). 

 

 
Figure 3. Illustration of an Atlantic cod (Gadus morhua) (Cohen et al., 1990). 
 

2.1.2 Atlantic salmon 
Atlantic salmon (Salmo salar) is a well known fish found in the Atlantic Ocean in the Salmonidae family 

(Figure 6). It can be found on the coasts of Europe, around Iceland, the southern coasts of Greenland 

and on the coasts of Canada and North America (Figure 4) (FAO, 2018d). Atlantic salmon is an 

anadroumous fish, which mainly feeds and grows in saltwater, returning to freshwater to spawn.  
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Figure 4. Geographical distribution of Atlantic salmon in the Atlantic Ocean (FAO, 2018b). 
 

Atlantic salmon was heavily captured in the 1900‘s and earlier, leading to a major population 

decrease, and is now mainly caught recreationally. The North Atlantic Salmon Conservation 

Organization (NASCO) was established in 1984 with the objective to conserve, restore, enhance and 

rationally manage Atlantic salmon through international cooperation due to its decline (NASCO, 2018). 

Aquaculture is now the main source of Atlantic Salmon where Norway, Chile, UK and Canada are the 

biggest producers respectively (Globefish, 2015) and production has been heavily increasing ever since 

the 1990‘s and was over 2.3 million tons globally in 2014 (Figure 5) (FAO, 2011-2018).  

 

Figure 5. Global Aquaculture production of Atlantic salmon from 1950-2014 (FAO, 2011-2018). 
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The most prevalent method for salmon farming is the open net pen systems in suitable coastal 

waters. Another method is the land-based closed containment water recirculating aquaculture system 

which offers the advantage of full control over the salmon’s environment, protecting it from parasites 

such as sea lice, and the ability to place the production facilities closer to relevant markets or near 

convenient power supplies. A common concern of open net pen systems is the genetic impact that 

escaped farmed salmon can have on the wild population (McGinnity et al., 1997), a concern that is not 

shared with land-based systems.  

 

 
Figure 6. Illustration of an Atlantic salmon (Salmo salar) (Knepp, 2018). 
 

2.1.3 Rigor mortis 
One of the first and most noticeable changes in fish post-mortem, is the onset of rigor mortis. After death, 

the fish becomes relaxed and limp for some time, depending on species, until it becomes stiff, hard and 

inflexible, a state which is called rigor mortis. A number of factors determine how soon and how intense 

the rigor becomes such as the fishing method, feeding status of the fish, storage temperature and 

season of catch. 

Adenosine triphosphate (ATP) functions as an energy donor in multiple metabolic processes of fish. 

The fish muscle consists of several proteins, including the major ones, actin and myosin. In the presence 

of calcium ions, actin and myosin bond together forming actomyosin. For the muscle to contract it 

requires energy in the form of ATP, which also aids in the removal of the calcium ions, breaking the 
actomyosin complex, leaving the muscle ready for further contraction. Soon after death, the fish‘s ATP 

reservoirs drop below a critical level, leaving the actomyosin complex unbroken and in a continual rigid 

state, rigor mortis. A number of factors determine how fast the fish goes into rigor mortis, including the 

fish‘s glycogen storages. The amount of glycogen depends on how well the fish has eaten prior to death 

and how much stress it has experienced. The amount of glycogen also controls the concentration of 

lactic acid formed in the breakdown of glucose which lowers the pH levels of the fish (from pH 7.0 to pH 

6.3-6.9 with cod as an example) (Huss, 1988). Rigor continues until the muscles energy storages 

deplete and then it ceases and becomes soft and limp (Figure 7). 
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Figure 7. Glycolytic changes in relaxed cod muscle stored at 0 °C (Fraser, Dingle, Hines, Nowlan, 
& Dyer, 1967).  

 

Whole fish does not change its shape during rigor mortis, but if a fish is filleted pre-rigor, the fillet will 
shrink (Figure 8). Rigor can also cause gaping, toughness and excessive drip loss, all of which are 

factors that can have negative effects on processing. The best way to minimize the negative effects of 

rigor is to keep the fish chilled at every stage (Stroud, 1969).  

 

 

Figure 8. The effects of rigor mortis on Atlantic cod - example of how a fillet shrinks when 
removed from the bones pre-rigor (Bjarnason & Arason, 1998).  

  

 

 

 



8 

Table 1. Onset and duration of rigor mortis in various fish species at different storage 
temperatures (adopted from Huss, 1983; Stroud, 1969).  
Species 
(condition) 

Storage temperature 
(°C) 

Time from death to 
the onset of rigor 
(hours) 

Time from death to 
the end of rigor 
(hours) 

Cod (trawled) In ice 2-8 20-65 

 10-12 1 20-30 

 30 0.5 1-2 

Cod (rested) In ice 14-15 75-96 

Redfish (trawled) In ice 22 120 

Whiting (trawled) In ice 1 20 

Plaice (trawled) In ice 7-11 54-55 

Haddock (trawled) In ice 2-4 37 
 

2.1.4 Sensory evaluation of whole fish 
Sensory evaluation is one of the most used tools in the industry to assess freshness and quality of fish 

(Luten & Martinsdottir, 1997). Sensory evaluation of fresh fish can be split up into three different groups: 

• Evaluation of whole fish 

• Evaluation of fillets 

• Evaluation of cooked fillets 

A widely used method to evaluate the quality and freshness of whole fish is the Quality Index Method 
(QIM). The QIM was originally developed by the Tasmanian Food Research unit (Bremner, 1985) and 

has since been developed for over 30 seafood species or products, including Atlantic cod (Larsen, 

Heldbo, Jespersen, & Nielsen, 1992) and farmed Atlantic salmon (Kolbrun Sveinsdottir, Hyldig, 

Martinsdottir, Jørgensen, & Kristbergsson, 2003). By grading key attributes of fish from 0 to 3, a total 

QIM score is compared to a QIM calibration curve to establish the relative freshness, and an estimation 

of remaining shelf life can be made (QIM Eurofish, 2008). The QIM has been made accessible to 

consumers around the world by creating a QIM app called “How fresh is your fish”. 

  

2.1.5 Gaping 
Fillets of fish can have slits or holes in the flesh, commonly known as gaping. A cod fillet contains about 

fifty muscle flakes (myotomes), each separated from the next by a thin collagenous membrane 

(myocomma). Connective tissue runs through the muscle and connects the muscle flakes to the 

membranes and when the connective tissue breaks, the fillets gape (Love, 2001). Gaping fillets reduce 

processing options and appear unappealing to buyers and therefore reduce the value of the fish. 

Numerous factors can affect gaping, such as season of catch, species, age, size, handling and 

temperature, which makes it difficult to explain individual cases of gaping. 
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Love and Haq (1970) identified pH of fish as a major contributor to gaping in Atlantic cod, where low 

pH levels lead to increased gaping. As described previously, the feeding status of fish when caught 

affects its final pH levels, and Bjarnason (1998) states that the feeding status of fish, as well as collagen 

which is very limited in fish, is the major contributing factor to gaping of fish. Gaping due to high 

temperature rigor can cause extensive gaping but Lavéty, Afolabi, and Love (1988) suggested that 

gaping due to high temperature rigor is fairly rare in salmonids compared to gadoids. 

A common way to evaluate gaping is to apply a grading scale accompanied by pictures of fish with 

varying levels of gaping. The method is easy to use but different people can provide different results. 

The use of electrophoresis has also been used to measure gaping (Bragadóttir & Bjarnason, 1996) but 

the method is not applicable in the industry. 

 

2.1.6 Water holding capacity and drip loss 
Water holding capacity (WHC) can be described as the capacity of meat or muscle to retain its water 

during application of external forces. Post-mortem changes to a muscle affects the WHC, causing the 

muscle to release fluids consisting of water and dissolved proteins without the application of external 

forces (apart from gravity), known as drip loss (Jennen et al., 2007). Drip loss is mainly attributed to 

fluids located in the extracellular spaces of muscles which are more likely to be lost than other fluids 

located in deeper compartments of the muscle (Gerald & Tony, 1992). Several factors affect WHC and 

drip loss of fish, such as season of catch, feeding status, rigor mortis stage, temperature and pressure 

(Gang, 2013; Huff-Lonergan & Lonergan, 2005; Ingólfsdóttir, Stefánsson, & Kristbergsson, 1998). 
Recently, nuclear magnetic resonance (NMR) has been utilized to determine the water distribution within 

the muscle (Bertram & Andersen, 2007; Straadt, Rasmussen, Andersen, & Bertram, 2007) which can 

assist in understanding the process behind drip loss. 

One of the primary motivators of fish processors is to minimize drip loss and maximize efficiency to 
enhance profits. Therefore, it should be of interest to explore current trends and developments of 

packaging solutions and chilling methods. 

 

2.1.7 Superchilling 
Superchilling has received increased attention in recent years due to its potential to increase the shelf 

life of fresh foodstuffs. Superchilling of food implies partial freezing of a product to a temperature 1-2 °C 

below its initial freezing point (Kaale, Eikevik, Rustad, & Kolsaker, 2011; Magnussen, Haugland, 

Torstveit Hemmingsen, Johansen, & Nordtvedt, 2008). By partially freezing the product, an internal ice 
reservoir is established which limits the need for external icing. Superchilling has been shown to be 

effective in delaying microbial growth, maintaining freshness and prolonging shelf-life of various food 

products, including fresh cod and salmon (Duun, 2008; Kaale et al., 2011; Magnussen et al., 2008). The 

rate of superchilling affects the size of ice crystals formed inside and outside of muscle cells, where high 

superchilling rates result in the formation of small ice crystals (Kaale & Eikevik, 2014). The superchilling 

rate is not the only factor that affects ice crystal size, since growth of ice crystals can occur over the 
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entire storage period (Kaale, Eikevik, Bardal, Kjorsvik, & Nordtvedt, 2013). Larger ice crystals can 

severely damage the cell walls, resulting in reduced quality and increased drip loss. The effect of 

superchilling on drip loss in Atlantic salmon has been studied with contradicting results, where it either 

decreased or increased drip loss, compared to conventional chilling (Bahuaud et al., 2008; Kaale, 

Eikevik, Rustad, & Nordtvedt, 2014). Iced storage has also reportedly yielded negative drip loss, i.e. the 

fish weight increased during storage (Ríkharðsson & Birgisson, 1996; Tryggvason, Karlsdóttir, 

Margeirsson, Ólafsdóttir, & Arason, 2018). 

 

2.2 Fresh fish packaging 

2.2.1 Single walled boxes 
Boxes intended for fish handling and storage are commonly found on small fishing vessels and in 

developed countries (Figure 9). Single walled fish boxes are made of a variety of materials, such as 
wood, metal and plastic, mainly PE. Since fish boxes require cleaning and are often subjected to rough 

handling, plastic has become the material of choice. Plastic is easy to clean and can withstand rough 

handling better than other materials. An important factor of fish boxes is their ability to stack and nest, 

making them easier to handle and for saving storage space, which is often limited in small fishing vessels 

(FAO, 1984). 

 

Figure 9. Different types of single walled plastic fish boxes (FAO, 1984). 
 

The size of fish boxes varies but common sizes range from 25 L to 90 L. Due to their small size, the 

pressure on fish stored in the boxes is relatively low compared to larger containers. The small size of 

the boxes can however be troublesome for larger fish which doesn’t completely fit into the boxes. 
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Another downside to the use of fish boxes on larger vessels is the increased workload of fishermen 

during loading and unloading of fish, where larger containers prove to be more efficient. 

 

2.2.2 Insulated containers 
Insulated tubs are another form of containers intended for fish handling and storage (Figure 10). The 

main difference between tubs and single walled fish boxes is that the tubs are usually much larger and 

better insulated. Insulated tubs are mainly made of plastic materials such as PE and PUR. A common 

design consists of double walled high-density PE with EPS or PUR foam as insulation (Shawyer & 
Pizzali, 2003). Tubs are usually equipped with drainage holes to prevent liquid accumulation in the 

bottom of the tubs. Insulated tubs have many benefits such as low ice melting rates due to their high 

insulation, easy landing of catch and they are easy to clean. Pre-chilling of fish before packing in an 

insulated tub is necessary or the high insulation of the tubs can have the opposite effect and keep the 

storage temperature high. The insulated plastic containers can be quite costly compared to other 

containers and they can sometimes be repaired if damaged, but if handled properly, the insulated 

containers can be used and re-used for many years. 

The use of insulated tubs onboard fishing ships instead of fish boxes was investigated in Iceland as 

early as 1983 (Arason & Matthíasson, 1983), and today it is by far the most common handling and 

storage container onboard larger fishing ships in Iceland. Insulated tubs can also be useful on smaller 

vessels, both for storage and handling of fish as well as for storing ice. According to Seafish (2013), 

“Insulated tubs are perhaps the greatest recent advance allowing inshore vessels to carry ice out to 
sea”.  

 
 

Figure 10. An example of a common insulated tub (460L) (Sæplast Iceland Ltd., n.d.). 
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2.2.3 EPS boxes 
EPS boxes are commonly used for transportation of fresh fish (Margeirsson, Arason, & Pálsson, 2009; 

Seafish, 1996), both whole fish and fillets (Figure 11). EPS boxes contain about 2% plastic and 98% air 

and have great insulation properties. They require a lot of storage space when empty due to their 

bulkiness and they are very hard to clean, which makes them only optimal for one use. Due to their 
widespread use, EPS accumulation is a common problem for the fish industry. EPS can be toxic when 

burned so the recycling process has to be handled with great care. A recent Fisheries Areas Network 

(FARNET) funded project in Denmark focused on recycling and converting EPS boxes into polystyrene 

which can have many applications in the Danish- and other industries. Utilizing local recycling plants 

can have great economic and environmental gains by providing new jobs and greatly reducing the 

carbon footprint from transporting EPS waste thousands of kilometers (European Fisheries Areas 

Network, 2018). 

 

 

Figure 11. A typical EPS box (Tempra Ltd., 2018). 
 

Traditionally, EPS boxes used to have sharp corners until Margeirsson (2012) recognized that the 

corners were the most sensitive positions in fresh fish boxes under thermal load, which lead to the 

development of new EPS boxes. The new EPS boxes had rounded corners and thicker walls at the 

corners which lead to more homogenous and consistent temperatures inside the EPS box (Figure 12). 

The difference of the old design and the new design was compared, and sensory evaluation of cod loins 

stored in the boxes determined that the new box resulted in approximately 2-3 days longer freshness 
period and about two days longer storage life.  
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Figure 12. Temperature contours in a horizontal section through an improved EPS box design 
(left) and the original EPS box (right) at mid-height of fillet pile after 4 hours at 15 °C ambient 
temperature and initial temperature of 1 °C (Margeirsson, 2012). 
 

2.2.4 Quality differences of fresh fish stored in different sized containers 
Storage and transportation of fresh fish in different sized containers and their effect on quality has been 

studied, mainly on Atlantic cod but limited knowledge exists on Atlantic salmon. Árnason and 

Þorsteinsson (1993) examined the drip loss of Atlantic cod stored in different sized insulated tubs and 

fish boxes for 7 days. The results indicated that drip loss increased with increasing depth of containers. 
The drip loss in the tubs was most noticeable in the bottom of the tubs, especially in the 60 cm deep 

tubs (Figure 13).  
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Figure 13. Drip loss of Atlantic cod as a function of tub depth in all tubs examined combined 
after 7 days of storage (Árnason & Þorsteinsson, 1993). 

 

Ríkharðsson and Birgisson (1996) investigated drip loss of Atlantic cod stored in 90 L fish boxes. A 

total of 1580 cods stored in 79 fish boxes were examined and drip loss recorded daily over 11 days of 

storage on ice (Figure 14). The results showed that drip loss varied greatly between boxes and negative 

drip loss, i.e. the fish weight increased, was even recorded.  

 

 

Figure 14. Drip loss of whole Atlantic cod stored in ice in 90 L fish boxes over the duration of 11 
days (Ríkharðsson & Birgisson, 1996). 
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Margeirsson (2003) studied the quality-and physical properties of Atlantic cod and their correlation 

to several variables of fishing and fish processing. Factors such as age of fish, season, location and 

total weight in container (tub) affected gaping, and gaping increased with increased weight in tub.  

 

2.3 Export of fresh fish from Iceland 

2.3.1 Atlantic Cod 
Generally, over 1 million tons of seafood is caught in Iceland every year and between 50-60% of total 

yearly catch is exported, by air or sea. Most whole fish is exported, chilled or iced, in insulated containers 

by sea (Figure 15). Fresh fillets are generally packed in EPS boxes and most often exported by airfreight, 

closely followed by seafreight (Figure 15).  

 

Figure 15. Export of fresh fish, chilled or iced, (2010-2016) by air- and sea transport (excluding 
farmed fish) (Statistics Iceland, n.d.-a). 

 

Atlantic cod is Iceland’s most valuable fish species, with an export value of 809 million EUR in 2016. 

When compared to Iceland’s total seafood export value (excluding products of aquaculture and vacuum 

sealed products) of 1.9 billion EUR in 2016, cod represents around 45% of Iceland’s seafood export 

value in 2016 (based on exchange rates in July 2018) (Statistics Iceland, n.d.-b). In recent years, sales 

of fresh cod fillets have skyrocketed and greatly overtaken sales of fresh whole cod (Figure 16).  
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Figure 16. Export of fresh, chilled or iced Atlantic cod (2010-2016) (Statistics Iceland, n.d.-c). 
 

Britain is by far the biggest buyer of whole fresh cod from Iceland, accounting for over 80% of all 

exported whole fresh cod in 2016 (Statistics Iceland, n.d.-d). Other commonly fished species in Iceland 
(such as haddock and rockfish) that are exported whole and fresh are sold mainly to Britain and other 

European countries due to their short distance from Iceland. The main difference between air and sea 

transport is time, where it takes products 5-7 days to reach European customers by sea and 1-2 days 

by air (Pálsson & Gissurarson, 2015). France is the biggest buyer of fresh cod fillets from Iceland and 

sales have greatly increased from 2012-2016 (Figure 17). The sales of fresh cod fillets to the United 

States has steadily increased and the fillets are mainly transported by air due to its long distance from 

Iceland, and for the same reason, export of whole fresh cod to the United States has not increased 
much in recent years and remains relatively low, since most whole fresh fish is transported by sea. 
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Figure 17. Export of fresh cod fillets (whole and portions) by few of the most important countries 
(2012-2016) (Statistics Iceland, n.d.-d). 

 

2.3.2 Atlantic Salmon 
Atlantic Salmon is the biggest product of aquaculture in Iceland. More than 11 thousand tons were 

produced in 2017, accounting for over 50% of all aquaculture production in Iceland (Icelandic Food and 

Veterinary Authority, 2017). The majority of the salmon production is exported fresh to buyers around 

the globe, either whole or as fillets (Figure 18). 

 

Figure 18. Total production of farmed salmon in Iceland (2012-2017) and total amount exported 
of fresh salmon, whole and fillets. (Icelandic Food and Veterinary Authority, 2017; Statistics 
Iceland, n.d.-d) 
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Figure 19 shows some of the biggest buyers of fresh Icelandic salmon in recent years, where the 

majority of buyers are located in Europe and the United States. As described earlier, sea transport is 

mostly a viable option for export to Europe since Europe is located closer to Iceland than other markets. 

No data is available to explore the ratio between air- and sea transport of fresh salmon, but since a 

majority of the product is exported whole, sea transport in insulated tubs or EPS packaging should be 

considered a viable option.   

 

Figure 19. Export of fresh farmed salmon, whole and fillets, from Iceland by country (countries 
of biggest relevance in recent years) (2012-2017) (Statistics Iceland, n.d.-d) 
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3 Materials and methods 

3.1 Packaging material 
The insulated tubs used in the study ranged from 250 L to 660 L and the EPS boxes used were 23 kg 

fish boxes (40 L). Sæplast’s new twin container was originally developed as a 250 L container, but during 

its development, the volume capacity was changed to 290 L. Therefore, report I on Atlantic cod included 
250 L containers, while report II on Atlantic salmon included 290 L containers. A full description of the 

packaging material used in the study is presented in Table 2.  

 

Table 2. Product specifications for the insulated containers and EPS boxes used in the study. 

Name Volume (L) Weight (kg) Length (cm) Width (cm) Height (cm) Depth (cm) 
250  250 36.5 120 100 45.5 29 

290*  292 50 123 103 58 32 

460 448 50 123 103 58 42 

660 630 60 123 103 75 60 

EPS with lid 40 0.75 79 39 23 17 

The insulated containers (290, 460, 660) were all made of polyethylene (PE). 

*Partly-filled 460 containers were used in the study to imitate the 290 containers. 
 

3.2 Quality evaluation 
The parameters chosen for evaluating quality of whole Atlantic cod and Atlantic salmon included drip 

loss, processing yield, cooking yield, firmness, NMR and sensory evaluation. The sensory methods used 
included the QIM, gaping evaluation, and generic descriptive analysis. A full description of the methods 

used in each study is presented in Appendix I and Appendix II. 

 

3.3 Transportation costs 
Sea transport of fresh fish requires the use of reefer containers. The most commonly used container 

for fresh fish transportation is the 40 feet high cube reefer container. The number of full insulated plastic 

tubs that fit into a reefer container is limited by maximum allowed road weight which is different in many 
countries. For this analysis, the maximum payload capacity of each reefer container was set at 21.5 

tons. The number of full tubs in each reefer container is therefore not limited by volume capacity, but 

weight. The analysis does not account for the price of human workers needed to load fish into insulated 

plastic containers compared to production lines with automatic loading into EPS boxes.  

Once the insulated containers have reached their destination and have been unloaded, they need 

to be transported back to their original owner. For the back freight, the number of insulated containers 

in each reefer container is now only limited by volume capacity, not weight. For that reason, the number 

of twin containers that fit into each container is much higher than the standard insulated containers, 

since they stack into each other. The analysis does not account for the price of cleaning used containers. 
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The total transportation cost for transporting fresh fish from Iceland to a buyer in Europe is 

impacted by a number of factors, which can make the cost analysis exceedingly complex, as well as 

inaccurate. Therefore, a well-defined scenario is needed to give some realistic insight into the actual 

costs. The scenario will focus on sea transport of whole gutted Atlantic cod in insulated containers as 

well as whole gutted Atlantic salmon in insulated containers and EPS boxes. The fish will be transported 

from Iceland (Reykjavik) to the Netherlands (Rotterdam) by sea. Once the fish has been delivered to 

Rotterdam, the empty containers have to be transported back to Iceland, but the EPS boxes are single 
use, and therefore need to be recycled. The analysis will assume that the producer has to buy insulated 

containers (290 and 460) in the beginning and every 8 years (estimated minimum service life of the 

insulated containers). EPS boxes have to be purchased for every shipment and recycled at the 

destination. The prices for sea transport, containers and EPS boxes are all estimates, acquired from 

related companies (Sæplast Iceland Ltd., Tempra Ltd. and Eimskip Ltd.) and they represent typical 

prices for customers, but actual prices vary based on contracts between different companies. The 

transport price in the analysis is adopted from Jónsson (2016), raised in conjunction with the consumer 

price index from 2015-2018. The remaining precedents needed for the cost analysis are presented in 
Appendix IV. 
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4 Summary of results and discussion 
This chapter will summarize the main results from the two reports on the subject. Report I focused on 

iced Atlantic cod, while report II focused on both iced and superchilled farmed Atlantic salmon. The full 

reports are presented in Appendix I and Appendix II.  

4.1 Effects of container depth on the quality of iced Atlantic cod 
Report I had some limitations, mostly due to uneven individual weight distribution of the Atlantic cod. 

The fish in the bottom layers of the containers were significantly smaller than the fish in the upper layers. 

4.1.1 Drip loss 
The drip loss in different sized containers was recorded throughout the storage period and as expected, 
the greatest drip loss was detected in the largest containers (Figure 20). An unexplained drip loss 

difference was detected between the blue and gray 250 L containers after 6 days of storage which might 

have been due to raw material variability. The drip loss of cod stored in the 660 L containers almost 

doubled from day 6 to day 10 whilst the drip loss in the 460 L containers remained the same.  

Similarly to Árnason and Þorsteinsson (1993) study on the drip loss of Atlantic cod, leftover ice on 

the cod might have slightly skewed the results. In an interview, one of the authors recalled that the 

removal of ice during weighing proved to be a constant problem and great care had to be taken to 

remove all ice without damaging other quality factors of the fish (Halldór Pétur Þorsteinsson, personal 

communication November 12, 2018). 

 

Figure 20. Drip loss of Atlantic cod stored in the bottom layer of different sized insulated 
containers after 6 and 10 days of storage at 0-1 °C (n=9-10). 

 

4.1.2 Sensory evaluation 
After 6 days of storage, cod from the bottom layer of the 460 L tub had the most gaping, followed by the 

bottom and top layer of the gray 250 L tub (Figure 21). Cod from the blue 250 L tub had the least amount 
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of gaping. The bottom layer of all tubs unexpectedly had less gaping than their top layer counterparts. 

It was expected that the bottom layer would have more gaping due to more weight lying on top of the 

fish. It should be noted that the bottom layer fish in all tubs was significantly smaller than the fish in the 

upper layers (1359 g ± 231 g vs. 1849 g ± 436 g). 

 

 

Figure 21. Gaping of cod fillets from cod stored in different sized insulated containers after 6 
days of storage at 0-1 °C (n=32-39). 
 

The fish from all containers were evaluated with a modified QIM throughout the storage period. The 

stiffness factor was removed from the analysis due to the fish still being in rigor mortis during evaluation 

on day 1. Table 3 summarizes the data and shows some minor differences, especially between the top 

layer of all tubs and the bottom layer of the 660 L tub. However, the difference is very small and does 
not really differentiate between groups. Individual factors were also analysed separately and no 

significant differences were detected between groups. 

 

Table 3. Modified Quality Index score (0-16) of Atlantic cod during 15 days of storage in 
insulated containers of different depths, without the stiffness factor (n=10-20). 

Tub 1 day old 6 days old 10 days old 13 days old 15 days old 

Top layer 2.1±1.2 6.5±0.6 9.0±1.3a 9.6±0.9 12.9±0.6a 

250 L – Blue – Bottom 3.0±2.2 6.8±0.9 - 9.6±0.9 - 

250 L – Gray – Bottom 2.7±1.6 6.7±0.8 - 9.0±0.8 - 

460 L – Bottom 1.7±1.3 7.0±0.9 9.8±1.6 9.6±0.5 14.0±0.6b 

660 L – Bottom 2.9±2.0 7.1±1.0 10.5±0.8b 9.5±0.6 13.1±0.6a 

Different letters within a day indicate significant statistical differences between experimental groups  
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4.2 Effects of container depth on the quality of iced and superchilled 
farmed Atlantic salmon 

4.2.1 Superchilling 
The superchilling process used in the experiment was quite primitive compared to the modern high-tech 

superchilling solutions available. Whole salmon was superchilled in a slurry to about -2 °C and then 

packed into different sized insulated containers and EPS boxes.  

Figures 22 and 23 summarize the temperature profiles of superchilled salmon throughout the storage 
period. The figures clearly show that pre-chilling to superchilled temperatures somewhat varied, to 

temperatures as low as -2.3 °C and then again as high as -0.7 °C. It is evident that the pre-chilling 

method was not consistent and resulted in inconsistent temperatures of the raw material. All container 

types did however maintain a consistent temperature during storage after reaching equilibrium after 2-

3 days of storage. 

Figure 24 summarizes the temperature profiles of traditionally ice salmon stored in EPS boxes. The 

temperature of the salmon varied after pre-chilling but all samples reached equilibrium after about 1 day 

of storage, maintaining stable temperatures throughout the storage period.  

 

 

Figure 22. Temperature profiles of superchilled salmon stored in EPS at -1 °C. 
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Figure 23. Temperature profiles of superchilled salmon stored in different sized insulated 
containers at -1 °C. 

 

 

Figure 24. Temperature profiles of iced salmon stored in EPS at 0-1 °C. 
 

4.2.2 Drip loss 
Figure 25 summarizes the drip loss of Atlantic salmon stored in different sized containers throughout 

the storage period. After 10 days of storage, the EPS – Iced group had the least drip loss, even less 
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than the EPS – Superchilled group. As expected, storage in the 42 cm and 60 cm containers resulted 

in the greatest drip loss due to fish weight and depth of containers. Storage in the bottom of the 32 cm 

container did not result in significantly higher drip loss compared to the top layer of the container, but 

the drip loss in the bottom of the 42 cm and 60 cm containers was significantly higher than in the top 

layer. After 14 days of storage, the EPS – Superchilled group had significantly less drip loss than the 

top and bottom layer of the 32 cm container, which can probably be explained by more weight being 

present in the container compared to the EPS box. Unexpectedly, the top layer in the 32 cm container 
had slightly more drip loss than the bottom layer, which might be a result of more air exposure. The 

results indicate that storage in EPS boxes results in less drip loss compared to insulated containers. 

The present results indicate that the superchilling process was not optimized, which is further 

supported by the temperature data presented in Figures 22 and 23. Due to the uncontrolled superchilling 
process, the salmon received different levels of chilling, most likely causing large crystal formations in 

some parts of the salmon which was chilled to very low temperatures, resulting in more drip loss than 

the conventionally iced salmon. 

 

 

 
Figure 25. Drip loss of Atlantic salmon in different sized insulated containers after 10 days of 
storage (n=16-20). 
 

4.2.3 Sensory evaluation 
The quality index (QI) score of the whole salmon gradually degraded from day 4 to day 14 (Table 4). 

The EPS – Iced group received a lower average QI score than both 32 cm container and 42 – Iced 

container. No difference in average QI score was detected between the insulated containers. The QI 
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scores obtained in the present study were in accordance to other studies on farmed salmon (Erikson, 

Misimi, & Gallart-Jornet, 2011; Sveinsdottir, Martinsdottir, Hyldig, Jørgensen, & Kristbergsson, 2002) 

which indicates negligible QI differences between iced and superchilled salmon.  

The pressure marks on the fish surface were more apparent in fish stored in a 42 cm deep container 
with ice compared to the other groups after 10 days of storage (Table 4 and Figure 26). Furthermore, 

no difference was observed between the superchilled and the iced fish stored in EPS boxes, most likely 

due to low total weight within each EPS box compared to the weight of the 42 cm – Iced container. 

Pressure marks make the fish less appealing to buyers and consumers and would most likely result in 

lower prices compared to non-damaged fish, especially to buyers in fish markets where the fish is on 

display. 

 

Table 4. Quality Index score and pressure marks of experimental groups (n=6) after 4, 10 and 
14 days of storage. 

Group Chilling method QI (0-24) Pressure marks (0-5) 
4 days old    

EPS  SC 6.5±0.8 0±0 

    

10 days old    

Top layer (container) SC 8.2±0.7ab 0.1±0.2a 

32 cm – Bottom SC 8.3±1.1a 0.6±0.4a 

42 cm – Bottom SC 7.3±0.9ab 0.5±0.4a 

42 cm – Bottom Ice 8.5±0.3a 1.6±0.8b 

60 cm – Bottom SC 7.7±0.9ab 0.1±0.2a 

EPS  SC 8.2±1.1ab 0.2±0.3a 

EPS Ice 6.8±0.6b 0.4±0.3a 

    

14 days old    

Top layer (container) SC 10.4±1.2a 0.3±0.3a 

32 cm – Bottom SC 9.4±1.1a 0.4±0.4a 

EPS SC 9.8±1.3a 0.3±0.4a 

Different letters within a day indicate significant statistical differences between experimental groups 
SC: Superchilled 
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Figure 26. a) Example of salmon with low amount of pressure marks after 10 days of storage 
without ice b) Example of salmon with high amount of pressure marks after 10 days of storage 
on ice 

 

The results from the gaping, texture and pH evaluation is presented in Table 5. The only significant 

difference was detected between the superchilled top layer of insulated containers, which had the least 

amount of gaping, and the EPS – Iced group which had the most gaping. The gaping of fillets stored in 

containers also increased slightly with increased depth of containers, but the difference was not 

significant. 
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Table 5. Firmness (n=5), gaping (n=20) and pH (n=5) of salmon fillets after 4, 10 and 14 days of 
storage. 

Group Chilling 
method 

Force at 5 mm 
deformation 

(N) 

Force at 10 mm 
deformation 

(N) 
Gaping pH 

4 days old      

EPS SC 2.4±0.9 14.5±2.1 0.5±0.7 6.30±0.024 

      

10 days old      

Top layer (container) SC 2.9±0.8a 14.3±2.1a 0.5±0.5a 6.44±0.034ab 

32 cm - Bottom SC 3.1±1.1a 15.1±2.3a 0.6±0.5ab 6.44±0.020ab 

42 cm - Bottom SC 2.9±0.7a 14.1±2.7a 0.7±0.7ab 6.45±0.041ab 

42 cm - Bottom Ice 3.6±1.2a 14.8±4.6a 1.1±0.9ab 6.44±0.023ab 

60 cm - Bottom SC 2.4±0.7a 13.4±2.7a 0.8±0.7ab 6.40±0.016a 

EPS  SC 2.9±0.5a 16.6±3.7a 1.0±0.7ab 6.44±0.028ab 

EPS Ice 2.7±0.9a 14.6±3.5a 1.3±0.8b 6.49±0.026b 

      

14 days old      

Top layer (container) SC 2.4±0.8a 14.7±2.9a 1.2±0.7a 6.42±0.043a 

32 cm - Bottom SC 2.2±0.8a 16.0±3.7a 1.2±0.7a 6.39±0.015a 

EPS SC 2.8±1.1a 14.0±3.0a 1.0±0.7a 6.33±0.027b 

Different letters within a day indicate significant statistical differences between experimental groups  
SC: Superchilled 

 

4.3 Transportation costs 

4.3.1 Volume utilization 
Table 6 describes the number of insulated containers that fit into a standard reefer container as well as 
the excess volume of empty 290 containers compared to 460 containers. Figures 27 and 28 display the 

stacking of empty containers in 40 feet high cube reefer containers.  

 

 

 

 

 

 

 

 



29 

Table 6. Description of the number of insulated containers that fit in a 40 feet high cube reefer 
container. 

Insulated container type 460 PE 290 PE 
Weight (kg) 51 42 

Size (LxWxH, cm) 123x103x58 120x100x54.5/51.5 

Depth (cm) 42 35/32 

Volume (L) 396 292 

Weight of iced product (kg) 300 220 

Number of empty containers in a 40 ft reefer 80 166 

Volume capacity of empty containers in a 40 ft reefer (L) 31680 48472 

Excess volume capacity of empty 290 PE compared to 460 PE 53.0% 
 

 

 

Figure 27. Description of how 166 insulated 290 PE twin containers stack empty in a 40 ft high 
cube reefer container. 
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Figure 28. Description of how 80 insulated 460 PE containers stack empty in a 40 ft high cube 
reefer container. 

 

4.3.2 Atlantic cod 
The cost analysis for Atlantic cod is presented in Table 7. The results show that the purchase price of 

the 290 containers is slightly higher than the price of 460 containers, but the transportation costs of 

container back freight is significantly lower for 290 containers compared to 460 containers. Based on 

the life cycle assessment of PE containers from Sæplast Iceland Ltd., each container has an estimated 

life cycle of at least 8 years, assuming normal usage. By using 290 containers instead of 460, producers 

can save 8% of transport costs over the first year of use, and over 12% of transport costs yearly over 
the next 7 years.   

 

Table 7. Cost analysis for the transportation of 2500 tons of iced Atlantic cod from Reykjavík, 
Iceland to Rotterdam, Netherlands over a 1 year period. 

 Including purchase price 
(every 8 years) 

Excluding purchase price 

 290 460 290 460 
Number of full insulated containers 11364 8334 11364 8334 

Number of reefer containers - Export 158 155 158 155 

Purchase price (container) (million ISK) 25.7 23.4 0 0 

Price – Export (million ISK) 51.6 50.6 51.6 50.6 

Price – Import (million ISK) 22.4 34.2 22.4 34.2 

Total cost (million ISK) 99.7 108.2 74.0 84.8 

ISK/kg 39.9 43.3 29.6 33.9 

Savings by using 290 PE (%) - 7.9 - 12.7 
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4.3.3 Atlantic salmon 
The cost analysis for Atlantic salmon is presented in Table 8. The purchase price of 290 and 460 

containers is much lower than the purchase price of EPS boxes, but the EPS boxes don’t have any back 

freight costs since they are only intended for a single use. However, the EPS boxes must be recycled, 

and the current analysis does not account for recycling costs. Similar to the cost analysis of Atlantic cod, 
back freight costs of 290 containers is much lower than the back freight costs of 460 containers. Using 

the 290 containers instead of EPS boxes is much more profitable for the transportation of whole salmon. 

The price difference of 290 and 460 containers is similar to the cost analysis of Atlantic cod, but the 

price difference of 290 containers compared to EPS boxes is significantly higher. By choosing 290 

containers over EPS boxes, producers can save over 29% of transportation costs over the first year of 

use and close to 50% over the next 7 years. 

 

 

 

The production manager of one of the largest salmon producers in Iceland was asked to give his 

thoughts on the differences of insulated plastic containers and EPS boxes for salmon production. He 

stated that by using EPS boxes, productivity could be enhanced since it eliminated human resources 

and the production could be more automatic, therefore lowering production costs. This was based on 
the fact that the production line of both the primary producer and secondary processor was already built 

around EPS boxes and not insulated plastic containers. Even though the transport costs for twin 

containers were much lower than for EPS boxes he thought it unlikely that he would switch over to the 

twin containers, because most of their buyers had their production lines build around EPS boxes. He 

also considered Listeria monocytogenes to be more prevalent in insulated plastic containers than EPS 

boxes due to them being multi-use compared to the single-use EPS boxes (Tryggvi Bjarnason, personal 

communication October 23, 2018). 

Table 8. Cost analysis for the transportation of 2500 tons of superchilled Atlantic salmon 
from Reykjavik, Iceland to Rotterdam, Netherlands over a 1 year period. 

 Including purchase price 
(every 8 years) 

Excluding purchase price 
of 290 and 460 containers 

 290 460 EPS 290 460 EPS 
Number of full insulated containers 11364 8334 119048 11364 8334 119048 

Number of reefer containers - Export 139 137 192 139 137 192 

Purchase price (container) (million ISK) 25.7 23.4 69.6 0 0 69.6 

Price – Export (million ISK) 45.4 44.8 62.7 45.4 44.8 62.7 

Price – Import (million ISK) 22.4 34.1 0 22.4 34.1 0 

Total cost (million ISK) 93.5 102.3 132.4 67.8 78.9 132.4 

ISK/kg 37.4 40.9 52.9 27.1 31.6 52.9 

Savings by using 290 PE (%) - 8.5 29.3 - 14.0 48.7 
Recycling costs of EPS boxes are not included in the analysis 
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5 Conclusions and future perspectives 
The drip loss of Atlantic cod in insulated containers increased in conjunction with increasing depths of 

containers. Other quality factors were not greatly affected by container depth. Similarly to the cod, the 

drip loss of Atlantic salmon was affected by depth of packaging, where the greatest drip loss was 

recorded in the largest packaging solutions. Storage in EPS boxes resulted in less drip loss compared 

to larger insulated plastic containers, and traditionally iced salmon experienced less drip loss compared 

to superchilled salmon. The drip loss difference between iced and superchilled salmon was most likely 

due to unoptimized superchilling conditions. The presence of ice increased pressure marks on whole 

salmon which can appear unappealing to consumers and reduce the value of products. Superchilling of 
fresh foods can have many benefits for producers and consumers, but a controlled and optimised 

superchilling process is needed to ensure its effectiveness over traditional ice chilling.  

Yield is one of the most important factors for fresh fish producers since fish products are sold by 

weight. By reducing drip loss in the raw product, manufacturers can increase the value of their products, 
and according to present results it can be accomplished by using smaller containers. The use of 290 L 

containers to store and transport Atlantic cod and Atlantic salmon resulted in significantly less drip loss 

compared to the more common 460 L and 660 L containers. The present results indicate that fresh fish 

container depth should be limited to 20-30 cm with regards to drip loss. 

One of the main reasons for the development of the new twin food containers was to improve volume 

utilization during back freight. The new 290 containers can improve volume utilization in back freight by 

53% compared to conventional 460 containers. Transportation costs can be reduced by utilizing the twin 

containers and they provide significantly lower costs compared to single use EPS boxes for transporting 

Atlantic salmon. The environmental effects of food products have been receiving increased attention 

recently and by better utilizing the volume capacity of transport containers, the number of reefer 

containers needed to transport empty fish containers can drastically decrease which might reduce the 
carbon footprint of the product.  

Innovation has been one of the driving factors for evolution and growth of the Icelandic fishing 

industry. New and improved methods and materials, such as the development of new and more efficient 

types of food containers, is what keeps the Icelandic fishing industry competitive and constantly 
improving. However, it remains a challenge to apply new methods since producers invest heavily in 

infrastructure where new and improved methods may not be applicable. 
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Figure 3. Bi-plot for scores and loadings from PC1 and PC2 from principal component analysis (PCA) 
of all samples and relevant sensory attributes from generic descriptive analysis (GDA). Non-
discriminating attributes (T-tender, T-juicy, T-adhere), attributes with maximum average of ≤5 (O-sour, 
O-rancid, F-sour, F-rancid) and the non-consistent attribute A-precipit. were removed from the data set. 
The first letter D indicates day from slaughter. The second letter F, O or T indicate flavor, odor texture, 
respectively. Depth of container in centimeters is indicated with 32, 42 and 60. Superchilled salmon and 
iced salmon are indicated with SU and IC at the end, respectively. TOP indicate a salmon from the top 
layer of container. 

 
 
4 Conclusion 
 

The different packaging solutions and pre-chilling methods of whole Atlantic salmon 

had generally minor effects on the quality parameters evaluated in present study, with 

the exception of drip loss. Drip loss was affected by packaging depth, chilling methods 

and storage duration but drip loss does not seem to affect quality, at least from a 

consumer’s viewpoint. The depth of packaging solutions affected drip loss, where the 

greatest drip loss was recorded in the 60 cm and 42 cm deep containers, the deepest 

packaging solutions. Storage and transportation in large insulated containers may 

offer greater volume efficiency, but the benefits may be diminished by more drip loss 

compared to EPS boxes. If a producer is interested in the use of insulated plastic 

containers, the depth of containers affects drip loss, as well as transportation costs 
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which needs to be evaluated on an individual basis. Superchilling of fresh foods can 
have many benefits for producers and consumers but a controlled and optimized 
superchilling process is needed to ensure its effectiveness over traditional icing.  
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Appendix IV 

Data used for the cost analysis of Atlantic cod. 
Empty insulated containers 290 460 
Weight (kg) 42 51 

Length (cm) 120 123 

Width (cm) 100 103 

Height (cm) 54.5 58 

Usable depth (cm) 32 42 

Volume (L) 292 396 

   
Full insulated containers   
Weight of product (kg) 220 300 

Ice weight (kg) 33 45 

Ice percentage (%) 15 15 

Total weight (Container + product + ice) (kg) 295 396 

   
Stacking of insulated containers in reefer containers   
Amount of fully loaded insulated containers in a reefer 72 54 

Payload capacity (kg) 21240 21384 

Product total weight in a reefer (kg) 15840 16200 

Amount of empty insulated containers in a reefer 166 80 

   
Prices ISK  
290 PE (per unit) 27142  
460 PE (per unit) 33693  
Transportation costs 653430  
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Data used for the cost analysis of Atlantic salmon.   
Empty insulated containers 290 460 EPS 
Weight (kg) 42 51 0.75 

Length (cm) 120 123  

Width (cm) 100 103  

Height (cm) 54.5 58  

Usable depth (cm) 32 42  

Volume (L) 292 396  

    
Full insulated containers    
Weight of product (kg) 220 300 21 

Ice weight (kg) 0 0 0 

Ice percentage (%) 15 15 0 

Total weight (Container + product + ice) (kg) 262 351 22 

    

Stacking of insulated containers in reefer containers    
Amount of fully loaded insulated containers in a reefer 82 61 621 

Payload capacity (kg) 21484 21411 13967 

Product total weight in a reefer (kg) 18040 18300 13041 

Amount of empty insulated containers in a reefer 166 80 0 

    
Prices ISK   
290 PE (per unit) 27142   
460 PE (per unit) 33693   
EPS (per unit) 585   
Transportation costs 653430   
 

 

 

 

 

 

 


