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Ágrip 

Kolmunni er mikilvæg uppsjávartegund fyrir Íslendinga en í dag er hún að mestu unnin í fiskimjöl og 

lýsi. Árið 2014 voru um 183 þúsund tonn veidd af íslenskum skipum, þar af voru einungis níu þúsund 

tonn fryst úti á sjó ætluð til neyslu. Árið 2015 var gefinn út kvóti til veiða á um 203 þúsund tonnum. 

Markmið verkefnisins var annars vegar að kanna gæði kolmunna sem meðafla og hins vegar að 

meta þær breytingar sem eiga sér stað eftir marineringu og þurrkun yfir þriggja mánaða geymslutíma. 

Við uppsetningu á verkefninu var stuðst við rannsóknarhönnun byggða á „2 level full factorial design“ 

módeli til þess að áætla áhrif sojasósu, súkrósa og sítrónusafa á skynmat, eðliseiginleika sem og 

geymsluþol kolmunna sem var marineraður og þurrkaður. 

Geymsluþolstilraun þar sem fylgst var með skynmati, örveru- og efnabreytingum leiddi í ljós að 

kolmunni veiddur sem meðafli var óhæfur til neyslu einungis tveim dögum eftir löndun. Sojasósan hafði 

mestu áhrif á framleiðslu vörunnar, hafði hún marktæk áhrif á saltinnihald, bragð, lykt og lit 

lokaafurðarinnar. Súkrósi jók örveruinnihald vörunnar eftir þurrkun og hafði marktæk áhrif á 

rakaupptöku við geymslu í rakaskáp. Sítrónusafi sýndi ekki bein marktæk áhrif en hafði óbein áhrif 

með því að breyta hegðun súkrósans og sojasósunnar.  

Kolmunni veiddur sem meðafli við núverandi aðstæður er afar ólíklegur til þess að vera nýttur í 

framleiðslu gæða matvöru. Hegðun kolmunna m.t.t saltupptöku var svipuð og í þorski sem er saltaður í 

pækli og fullsaltaður í stæðusöltun þar sem ZNaCl gildi kolmunnans var orðið 0.26 eftir 12 klukkustundir. 

Núverandi marineringarlögur og þurrkunaraðferð þarfnast fínstillingar til þess að hægt verði að 

framleiða örugga hágæða vöru. 

 

Lykilorð: marinering, þurrkun, kolmunni, geymsluþol, eðliseiginleikar.    
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Abstract 

Blue whiting is an economically important pelagic species processed almost entirely into fish meal and 

oil in Iceland. In 2014 about 183 thousand tons were caught, of which only 9 thousand tons were 

frozen at sea intended for human consumption and in 2015 the catch is estimated to be around 203 

thousand tons.  

In this study the shelf-life of blue whiting caught as by-catch was evaluated. Also an experimental 

design was carried out using a 2 level full factorial model to determine the effect of soy sauce, sucrose 

and lemon juice marinade on the sensory, chemical, microbial and shelf-life attributes of a blue whiting 

product dried after marination intended for overseas markets. 

Microbial and chemical analysis along with sensory panel evaluation deemed blue whiting caught 

as by-catch unfit for consumption after 2 days of storage on ice. Soy sauce was found to be the most 

influential factor, significantly influencing sodium chloride content, taste, odor and color in final 

products. Sucrose increased initial microbial load in the product and significantly influenced moisture 

uptake during climate chamber incubation. Lemon juice was never found to directly exert significant 

influence on the studied responses, however it significantly influenced the behavior of soy sauce and 

sucrose.  

The use of blue whiting caught as by-catch is highly unlikely to lead to the production of quality 

products for human consumption. Blue whiting shows similar behavior to salting of cod in a brine and 

dry salted in stack, with ZNaCl values of 0.26 after only 12 hours. The current formula needs to be 

further configured along with the drying process to produce a cost-efficient and safe quality product. 

 

 

Keywords: Marination, drying, blue whiting, physical properties, storage life.  
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1 Introduction  

Blue whiting (Micromesistius poutassou) is an economically important pelagic species caught around 

and processed in Iceland. In 2014 about 183 thousand tons were caught, of which 172 thousand tons 

were processed domestically into fish meal and oil, in 2015 the catch is estimated to be around 203 

thousand tons. Only 9 thousand tons were frozen at sea in 2014 for human consumption. The export 

value of products from blue whiting was estimated as 4.7 billion ISK in 2014. The frozen product were 

worth an estimated 400 million ISK with the catch processed into feed estimated at 4.3 billion ISK 

(Statistics Iceland, 2015). The main reasons for the high value of blue whiting catch have been the 

high prices of fish meal and oil due to the cancellation of the second anchovy season in Peru in 2014 

(FAO, 2015). The fish meal market has been volatile with frequent fluctuations in prices, from as low 

as 1000 USD per ton in 2009 and up to 2400 USD per ton in 2014 (FAO, 2015; World Bank, 2013). 

When these fluctuations in prices occur it’s essential that there are other processing options for the 

blue whiting that can yield profitable products.  

In Iceland blue whiting has traditionally been regarded purely as a fish for feed due to its small size, 

intrinsic softness and undesirable processing attributes. These attributes include poor shelf-life, 

difficulty in processing the fish by conventional means for human consumption due to the softness, a 

high infestation of parasites and poor freezing and storage capabilities (Jóhansson et al., 2006; 

Svanevik et al., 2013). Several attempts have been carried out in Iceland and in other countries 

improving the utilization of blue whiting for human consumption, all of which have yielded promising 

avenues for its utilization (Geirsdóttir et al., 2008; Ingimarsson, 2001; Oehlenschläger et al., 2008).  

One of the promising avenues that have been pursued in Iceland are salting and drying (Kvotinn.is, 

2014). The resulting dried products are almost solely exported to Nigeria, which is an established 

market for Icelandic producers (Arason, 2003; Salaudeen, 2014). In 2014 the export value of salted 

and dried products was 32 billion ISK (Statistics Iceland, 2015). There is a long and established 

tradition in Iceland for the production of dried fish. In Iceland it is regarded as a health food consisting 

almost entirely of protein (Jónsson et al., 2007). In 2007 a project with the aim of producing dried 

products from blue whiting was funded by AVS R&D Fund of Ministry of Fisheries and Agriculture in 

Iceland. That project culminated in products intended both human consumption as well as for pets 

(Ásgeirsson, 2009). Throughout the years Icelandic research funds, as well as other Nordic research 

funds, have been open to supporting projects aiming to further utilize blue whiting. This can be seen in 

past funded studies (Ingimarsson, 2001; Jóhansson et al., 2006) as well as in this study as it was 

funded by the Technology Development Fund at The Icelandic Centre for Research. 

While Icelandic producers have a long established market in Nigeria there is always the danger of 

saturating the market with dried products from different species. Icelandic producers are not only 

competing with each other but also with Norwegian producers (Smáradóttir et al., 2015). The 

increased competition calls for innovative products as well as expanding to different markets. In 2013 

Iceland signed a free trade agreement with China which eliminated tariffs for fish dried in Iceland, thus 

opening a huge market with a long tradition in eating dried seafood (Icelandic Ministry For Foreign 

Affairs, 2013). Access to China could also open up markets to other Asian countries that have 
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traditions in eating dried seafood. Historically there has not been much trade in seafood between 

Iceland and China. In 2014 seafood exports to China were 4 billion ISK, but 6.4 billion in 2013 

(Statistics Iceland, 2015). The free trade agreement coupled with the growth of middle-class people in 

China, with money to spend, is an opportunity that Icelandic producers could seize, especially by 

marketing products with a flavor familiar for the market (Kharas, 2010). Lack of knowledge is one of 

the biggest obstacles that producers must overcome to successfully enter the Chinese market and this 

holds true especially for the dried market.  

There is a long tradition for marination and drying of meat to create jerky (Lim et al., 2014). While 

there is also a tradition in marinating fish products the most usual means is to cook after marinating or 

consume it raw. Marination and drying of blue whiting can be means of masking sensory properties 

such as putrid smell that develops quickly in the fish (Arason et al., 2014; Ingimarsson, 2001). By 

drying the marinated fish a unique product is produced that may possibly be marketed in the emerging 

markets in China and South East Asia (AAFC, 2014) 

In the present study an experimental design was carried out using a 2 level full factorial model to 

determine the effect of soy sauce, sucrose and lemon juice marinade on the sensory, chemical, 

microbial and shelf-life attributes of a blue whiting product dried after marination. The marination 

recipe used was based on test products from Norlandia, Olafsfjordur. The intention was also to 

evaluate the effects of polyphosphates on the shelf-life and color development as well as to determine 

the ideal marination time. A sensory panel determined the sensory attributes of the product. Proximate 

analysis was performed to estimate post drying characteristics as well as to evaluate the storage 

capacity. Color measurements were used to track changes during storage and determine its suitability 

for normal storage. Microbial and water activity analysis were performed post-processing and during 

storage to track suitability for consumption. A 2 level full factorial model was used to calculate the 

estimated effect of each independent variable and the models obtained analyzed using one-way 

analysis of variance. An additional objective was the evaluation of the quality of blue whiting caught as 

by-catch. 
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2 Review of the literature 

2.1 Blue whiting 

Micromesistius poutassou (Risso, 1827), also known as blue whiting, is a fish species from the 

gadidae family. It’s found in the northeast Atlantic ocean and is one of two species in the 

Micromesistius genus, the other one being the southern blue whiting (Micromesistius australis), which 

is the only recorded gadidae species in the southern hemisphere. It is commonly described as being a 

rather small pelagic fish with many physical resemblances to Pollock (Pollachius pollachius). The blue 

whiting has rather large eyes for its size and a medium sized mouth. The inside of its mouth is black 

which is one of its distinctive features and this feature is commonly used to name him in many 

countries. It is rather lean in appearance, has three dorsal fins, two pectoral fins and two ventral fins 

which are different between the sexes. The females have much larger ventral fins compared to the 

males. The blue whiting’s average size is 29-32 cm after reaching sexual maturity and has been 

recorded as small as 18-20 cm as young as one-year-old. Larger sizes have been recorded for both 

sexes, with females typically being larger (Ingimarsson, 2001; Sveinbjörnsson, 1998).  

The main spawning grounds for blue whiting are in the Rockall, Rosemary and Porcupine margin 

stretching as far as to the Faroe bank channel basin. Spawning grounds of lesser importance can be 

found around Spain and Portugal. Spawning time varies depending on the location, with first hatching 

occurring as early as January and February around Spain and Britain respectively with spawning 

times getting progressively later the more Northerly the location of spawning grounds are. After 

spawning the adult fish has expended most of its energy reserves and is considered extremely lean 

and goes in search of food, mostly around Norway (Ingimarsson, 2001; Jóhansson et al., 2006).   

Blue whiting can be described as an opportunistic eater, feeding on Calanus finmarchicius and 

Thysanoessa longicaudata, smaller fishes and even its own young. Potential predators of blue whiting, 

besides humans, are considered to be the European hake (Merluccius merluccius), Pollock and cod 

(Gadus morhua). It is however not considered a staple food in the diets of those species (Ingimarsson, 

2001).   

Blue whiting tends to stay in warmer waters and is usually not found in waters colder than 3°C, to 

find these warm layers it is often forced to occupy the upper layers of the ocean. A considerable 

difference has been recorded in which ocean layers it occupies depending on the time of day. At night 

it has been found occupy the upper layers while staying at around 300-500 meters during the day 

(Ingimarsson, 2001; Sveinbjörnsson, 1998).  

Blue whiting shares the physical attributes of the rest of the gadidae family in that it is a very lean 

white fleshed fish that collects fat into its liver. Its fat is mostly composed of PUFA’s, like those of the 

cod, with fluctuations in its chemical composition related to differences of water and fat content due to 

spawning season. After spawning the fat content in whole fish can go as low as 1%, however it can 

reach a fat content as high as 9% in late October (Ingimarsson, 2001; Jóhansson et al., 2006).  

Fishing of blue whiting has a fairly long tradition in Iceland beginning in 1972 in small amounts but 

became a fairly important economic species in the following years. However in 1984 no blue whiting 

was caught and it wasn’t until 1995 that the catching resumed again in any force. Ever since then it 
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has been an ever present important catch in economic terms, with the exception of 2011 when almost 

no blue whiting was caught. Since 2011 stock size of the species has been returning to a healthy state 

(Statistics Iceland, 2015).  

The blue whiting is exclusively caught using pelagic trawls. The use of trawl entails throwing it into 

the ocean and keeping it there for as long as deemed necessary. The trawl is then pulled back aboard 

with the catch pumped into the ships hold along with seawater to keep the catch cold. Because it is a 

pelagic fish it is caught in catches as large as 300-400 tons per throw, which has a considerable effect 

on its quality (Jóhansson et al., 2006). Because it stays in waters warmer than 3°C that means that the 

temperature of the catch is too warm for longer storage, making powerful cooling systems on board 

imperative. Current Icelandic pelagic trawlers have the capacity to store up to 2500 tons on board and 

it is not uncommon practice for them to fill their holds before returning the fish for further processing. 

When caught like this the fish is exclusively intended for meal and oil processing. It is also possible to 

freeze the catch on board. Although the capacity on board is limited there is still the possibility of 

freezing several thousand tons a year.  

Blue whiting is intrinsically a very soft and hard to handle material. This is due both to its own 

characteristics, being lean and small, but also to the current way with which it is caught and handled 

(Jóhansson et al., 2006). Being a pelagic fish it is caught using pelagic trawls as described earlier. All 

of its relatives of the gadidae family, cod etc., are caught using either bottom trawling or more 

commonly long lining. Cod caught with long lining has been shown to maintain its quality for longer 

than when caught using bottom trawling (Rotabakk et al., 2011). Given the shared characteristics of 

blue whiting to the other members of the gadidae family, it is safe to assume that fish caught using 

similar technique would yield better quality raw material. One of the biggest problems is the 

development of TMA and TVB-N in blue whiting. The buildup of these chemicals gives off a foul odor, 

which is described as putrid or rotten fish like (Rey-Mansilla et al., 1999). Another problem faced by 

blue whiting is that it is often heavily infested by Anisakis, the whale worm that infests in the gut of the 

fish but is also capable of transferring into the flesh (Svanevik et al., 2013). Anisakis has been shown 

to decrease the shelf-life of blue whiting by introducing specific spoilage organisms such as 

Shewanella putrefaciens (Svanevik et al., 2013). 

Blue whiting has been tested for freezing and frozen storage. Its features do not make a great 

candidate for plate freezing as the fish tends to get damaged during processing. When frozen whole 

and the fish thawed up for further processing discoloring has been observed as well as loose flesh 

unsuitable for processing (Ingimarsson, 2001). A buildup of undesirable chemicals such as di-

methylamine and formaldehyde has also been recorded in frozen blue whiting, both of which are the 

result of the breakdown of TMA (Rey-Mansilla et al., 1999).  

Several studies have explored alternate ways to utilize blue whiting. In the 1970’s several different 

studies were funded by Nordfisk (Ingimarsson, 2001), many of which yielded promising results. 

Ingimarsson (2001) explored several different avenues for blue whiting’s utilization, again with several 

promising results. Surimi processing is another avenue that was evaluated and considered profitable 

by the Faroese (Jóhansson et al., 2006). In Ireland a project was carried out using a marinade to mask 

any detrimental sensory attributes of the raw material with some success (Fagan et al., 2006). Other 
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projects on the utilization of blue whiting include protein production, mince production and drying 

(Ásgeirsson, 2009; Geirsdóttir et al., 2008; Oehlenschläger et al., 2008). 

Most recently a project was funded by the AVS R&D Fund of Ministry of Fisheries and Agriculture 

in Iceland for the drying of blue whiting that yielded promising results (Ásgeirsson, 2009). Products 

were produced both for pets as well as for human consumption. However troubles in finding suitable 

markets led to the discontinuation of the project. Now there is an interest in producing an innovative 

product for the Asian market in which blue whiting is marinated before drying. The project is still in its 

infancy and there are no studies that focus on the effects of marinating the fish before drying. The 

current study is part of a larger project that received a grant from the Technology Development Fund 

of the Icelandic Centre for Research (TÞS Rannis).    

2.2 Marination 

Marination is a method that has long been used for both fish and meat as means to not only extend 

shelf-life but also to enhance or alter the sensory attributes of the product (Capaccioni et al., 2011). 

Marination is a process in which a marinade is prepared and the product then submerged in said 

marinade for a pre-determined time at refrigeration temperatures. A wide variety of items can be used 

for a marinade and the combination depends on what flavor should be achieved. For fish the most 

common items are a mixture of spices, sugar, acids, salts, oils and sometimes even phosphates 

(Poligne et al., 2000; Sallam, 2008; Szymczak, 2011). The role of each ingredient is different as are 

their mechanisms of activity. The shelf-life prolonging effects of marination are due to a combination of 

inhibitory actions best described by the hurdle effect (Yeannes, 1991). The hurdle effect occurs when 

many different mechanisms come together to prevent spoilage by either microbial or chemical action 

(Leistner, 2000). In the case of marination these effects are mostly due to low water activity (aw), low 

pH, a high concentration of salt and sugar and a combination of antimicrobial agents such as 

dissociated acids. In addition marination has been used to increase yields in raw material, thus being 

beneficial to both the producer and consumer (Cadun et al., 2005).  

In Europe there has been a long-standing use of marinated seafood products (Gudmundsdottir et 

al., 1997). The most common and popular ones are herring, anchovies, mussels, sardines and scallop 

(Arason et al., 2014). Marination has in recent years caught the attention of seafood producing 

countries with underutilized products. Trials have been run in Iceland, Ireland, Turkey and other 

countries trying exactly this (Baygar et al., 2010; Fagan et al., 2006). 

There are several ways to marinade, the predominant methods in the fishing industry have been to 

cold-, fry- and cook-marinade as well as to pasteurize the marinade (Arason et al., 2014). The meat 

industry uses those mentioned before as well as utilizing injection and vacuum tumbling, both of which 

are thought to be too harsh for use on fish fillets intended for marination. Cold marination is the 

predominant method and it entails several steps, which are highly dependent on the raw material, but 

in general the raw material is soaked in the marinade for a pre-determined time at a refrigerated 

temperature. Fried marination involves the fish being soaked in brine and then covered in flour before 

being fried and then cooled down. Afterwards it is kept in a marinade solution until consumption. 

Cooked marination entails cooking the fish in a salt-vinegar solution prior to marination. In pasteurizing 
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marination the fish is put into an acidic solution before being covered in a marination liquid where it is 

then pasteurized (Alvarado et al., 2007; Arason et al., 2014; Cadun et al., 2005; Capaccioni et al., 

2011; Duyar et al., 2009).  

Recently there have been products that have deviated from the normal ingredients list and have 

included items such as soy-based products and plant and vegetable extracts (Kim et al., 2014; Lihono 

et al., 2014). The use of soy-based products has been brought on due to an increased demand for 

oriental flavors in Europe while the plant and vegetable extracts can be traced to the increase in 

demand for more natural flavor enhancers and antimicrobial agents (Yusop et al., 2010).  

There are several different criteria’s that must be met to produce quality marinades. The quality of 

the raw material is essential for the production of a quality product. Despite marinades being able to 

mask some detrimental sensory attributes they cannot completely hide them so upmost care must be 

taken during handling and storing of the raw material (Arason et al., 2014). While using fresh fish is 

preferred, the use of frozen fish is possible, but some problems related to using thawed material have 

been encountered. These include less retention of soluble ions, less water holding capacity, loss of 

color and weaker texture (Szymczak, 2011). Also of high importance is the quality of the ingredients 

used. The same rule applies for the ingredients as for the raw material, quality products cannot be 

produced from sub-par products. The biggest problem has been the use of salt contaminated by 

metals which go on to induce oxidation of lipids. This is not only a problem for fatty fish but also for 

leaner species such as those of the gadoid family as they are very rich in PUFA’s (Arason et al., 

2014). 

Sodium chloride has various different roles to play in the marination process. It is capable of 

affecting the texture, changing the WHC and influencing the protein functions. It also enhances the 

taste, lowers the aw and inhibits bacterial growth. Care must be taken in selecting the amount of 

sodium chloride used in the marinade as it can easily overwhelm other tastes as well as there has 

been a trend towards using less sodium chloride in recent years (Bjørkevoll et al., 2012; Þórarinsdóttir 

et al., 2010). There are several factors that influence the absorption of sodium chloride. High fat 

content has been related to slow sodium chloride uptake, indicating that lean species should need less 

marination time. The presence of skin slows down its absorption as it is unable to pass through it. 

Higher surface rates are equated to faster absorption, meaning that smaller fish or pieces absorb it 

faster. As mentioned earlier tissue damage from freezing and thawing can alter the muscle and 

impede absorption, and as the absorption is temperature dependent it is necessary to ensure an equal 

temperature distribution in the raw material. In fully saturated brine solutions agitation is not needed 

because of convection that renews the layer between the product and solution, however in solutions 

containing other solutes, such as sugar, agitation is needed to enhance renewal at the boundary layer 

(Collignan et al., 2001). It should however be noted that fish is intrinsically much softer than meat 

hence it is more vulnerable to stirring.      

Acids also have many different attributes that are beneficial for the marination process. Vinegar has 

mostly been used according to the literature, the active acid being acetic acid (Capaccioni et al., 2011; 

Rodger et al., 1984). However other acids can also be and are often used, such as citric acid. Acids 

have the ability to dissociate and exert their effects on microbes. They are also used for their 
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tenderizing attributes and their ability to lower the pH of marinates thus affecting not only microbes but 

also the activity of enzymes (Şengör et al., 2007).  

Sugar is commonly used in marinates both for its sensory and preservative attributes. Sugar has 

also been known to influence the color and texture of products (Collignan et al., 1994). In marinades it 

is usually not used in such quantities that it is able to exert its preservative abilities however its 

presence as a sweetener is highly appreciated in some markets. The presence of sugar in a marinade 

also has the effect of slowing down salt uptake in the product and can induce browning which can lead 

to favorable flavors (Arason et al., 2014; Collignan et al., 2001).  

Overall the ingredients of a marinade work to create a concentration gradient that causes water to 

diffuse out of the fish muscle while allowing salt and other included ingredients to diffuse into the 

muscle.         

2.3 Drying 

Drying of food is an ancient preservation method that is still widely used today. There are several 

different methods used for drying, each of which has their own distinctive feature that they imprint 

upon their perspective products. In general drying is when water is removed from a product with the 

use of heat, mechanical, chemical or osmotic forces (Arason, 2003; Nguyen et al., 2013). First and 

foremost the removal of water, which results in the lowering of aw, is what preserves the product 

(Rahman et al., 1999). The definition of aw is the ratio between the water vapor pressure in a product 

to pure water vapor at the same temperature. The relationship can be shown as: 𝑎𝑤 =
𝑃𝑣

𝑃𝑠
. The amount 

of free water in a product is reduced with drying thus reducing the amount of water free for chemical 

and microbial action (Rahman et al., 1999; Selmi et al., 2010). This lowered aw thus reduces the 

activity of enzymes therefore slowing down deterioration reactions as well as preventing microbial 

growth. Microbial growth is mostly hindered at aw lower than 0.85 whereas molds can grow at aw as 

low as 0.70 (Rahman, 2009). Drying by itself however is usually not enough to stabilize a product and 

so it is usually used in combination with a number of other hurdles such as brining (Arason et al., 

2014). Drying should not be considered solely as a preservative method as it has other effects such as 

causing changes in texture, taste and aroma (Nguyen et al., 2013; Rahman, 2009). All of these 

changes can be considered positive but this is dependent on the product. From a purely transportation 

point of view drying also offers a sizeable reduction in weight and size. Thus the removal of water 

allows for cheaper transport and water can then be added to the product upon arrival if needed 

(Bonazzi et al., 2011). It should be noted however that even with rehydration the product will not return 

to its original state.     

There are several definitions that must be made when describing drying and the loss of water in 

general. All products have an equilibrium point in which the product is at equilibrium with its 

surroundings and no moisture is being lost from the product nor being gained by it. Products then 

have both bound and unbound water as well as free moisture (Sablani et al., 2007). Moisture is 

removed from a product through its surface and then absorbed by air in a process called desorption. 

Absorption being when water moves into a product. Not all water in products is located at the surface 

so it must be transported and this occurs via several different diffusion mechanisms. These 
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mechanisms are liquid-, vapor- and capillary diffusion, however temperature gradients between the 

product and environment are also thought to cause diffusive action to the surface. Liquid diffusion can 

be described as the movement of water through the product in proportion to the water gradient created 

by the environment. Vapor diffusion is when there are pores contained in the product which vapor can 

move within. With free movement through the pores moisture can be removed. Capillary movement is 

when moisture is moved to the surface in a porous product not via vapor but rather via capillary action 

through the pores themselves (Gavrila et al., 2008; Rahman, 2009; Sablani et al., 2007). 

As mentioned earlier there are several different methods for drying which depend on different 

mechanisms. The most important ones with regards to drying of seafood are sun drying, solar drying, 

heat pump drying, freeze drying and osmotic dehydration (Nguyen et al., 2013). Sun drying, as the 

name suggests, depends on using the sun to dry the product. While this is by far the cheapest method 

and still in use in many poorer countries it is not without its shortcomings. The dependence on 

weather, contamination from animals due to its need to be in the open and exposure to dust are the 

biggest issues (Immaculate et al., 2012). Solar drying also uses the sun directly but it differs from sun 

drying in that the process is done in an enclosed space. Solar energy is trapped within the space and 

utilized to dry the fish. The main advantages are that the enclosed space provides protection from the 

before mentioned contaminants as well as providing a more efficient drying process both with regards 

to time and to product quality (Belessiotis et al., 2011). Heat pump drying is when hot air is created 

and utilized for the drying of fish. They have been in use for several decades and are today extremely 

efficient in regard to power usage and drying quality. Their main advantages are that they are 

operated in closed spaces, sealing them off from environmental contaminants, can be operated over a 

wide range of temperatures, are power efficient if configured correctly and are not dependent on 

outside weather conditions. These advantages have made them extremely popular, especially in 

countries that cannot directly depend on the sun as their energy source (Butz et al., 2004; Gavrila et 

al., 2008). Freeze-drying is a method that has been utilized for some time but still has not caught on in 

popularity as the costs behind the method are much higher than that of other methods. Not only are 

the running costs much higher but also the startup cost. Freeze-drying works by first freezing the 

product before changing the ice directly into vapor at both low pressure and temperature through a 

process called sublimation. This kind of drying offers the best quality with regards to the conservation 

of original sensory attributes such as flavor and aroma. Almost all of the water is removed, up to 98%, 

meaning that while transporting the product almost no water is being transported. The texture of the 

product becomes what is described as porous which allows for better rehydration should that be 

required (Hammami et al., 1999; Nguyen et al., 2013). Osmotic dehydration is when an osmotic 

solution is created, like a marinade, which has a different concentration gradient from the product. 

Once submerged in the solution water flows out of the product while solutes flow into it. This can 

cause changes in the texture, WHC, sensory attributes and protein structure of the product. The 

advantage of this method is that no heat is applied to the product, which can prevent protein 

denaturation, browning and changes in color as well as saving energy (Agustinelli et al., 2013; 

Collignan et al., 2001). 
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As previously stated water is an integral part of many chemical reactions, thus by reducing the 

amount of free water these reactions are slowed down. Water has several roles that it can play, such 

as a solvent that transports reactants, a reactant and as a modifier that catalyzes reactions. As 

moisture decreases in the product there is less and less water capable of participating in both 

microbial and chemical reactions. With the drop in moisture and aw enzymatic reactions are slowed 

down, reaching their lowest activity around 0.3. Non-enzymatic browning is also decreased with lower 

aw, their maximum rates are around 0.6-0.7 (Rahman et al., 1999; Sablani et al., 2007). However not 

all the effects brought about by lowering aw are positive. Lipid oxidation for one proceeds very fast at 

low aw but is slowed down at intermediate levels. This not only affects the nutritional value of the 

product but also the sensory attributes. Volatiles responsible for the aroma and flavor in a product are 

often lost and nutrients often break down. Loss of original color can also occur, mostly due to lipid 

oxidation and browning (Rahman, 2009). While not related to aw but rather to moisture, physical 

changes do occur with loss of water. These can include hardening of the case, which happens when a 

product dries too rapidly and cell collapse due to loss of moisture and therefore shrinking the product 

(Collignan et al., 2001). 

2.4 Phosphates  

Phosphates are naturally occurring inorganic chemicals that serve various roles in the natural world. 

They are found in many different living systems such as parts of adenosine phosphates and parts of 

phospholipids (Bjørkevoll et al., 2012). Their occurrence in different fish have been enumerated and 

for instance in the Atlantic cod they are thought to be 4.4 g/kg of muscle (Þórarinsdóttir et al., 2010). 

There are several different types of phosphates such as orthophosphates, pyrophosphates and 

polyphosphates. In both the meat and fish industry the addition of phosphates has a long standing 

tradition (Alvarado & McKee, 2007; Nguyen et al., 2012). In meat they are added to improve WHC by 

shifting the isoelectric point of myofibrillar proteins in such a way that a shift occurs that exposes 

charged sites which can then be occupied by water as well as cleaving actomyosin bonds that were 

formed in the muscle post-mortem. For these purposes pyro- and orthophosphates have been used as 

they have a high buffering capacity (Alvarado & McKee, 2007). In the salted fish industry phosphates 

have been used in a similar purpose, to increase WHC and to maintain the white color of the fish 

(Goncalves et al., 2008). In Iceland this was done for many years despite the practice not being 

allowed. However this seems to have been mostly based on misinformation or a lack of understanding 

as phosphates in salted fish have been allowed by the European Union from 2013 onwards. Since 

2001 there have been several studies that have analyzed the effects of phosphates on salted cod 

(Bjørkevoll et al., 2012; Esaiassen et al., 2005; Þórarinsdóttir et al., 2010). The findings have shown 

that while WHC is increased after production it leads to a product that once rehydrated has less WHC 

than non-treated products. However it should be noted that the phosphates have been shown to 

maintain a whiter color for longer. The whiter color is thought to be more appealing by the consumer, 

as the alternative is yellow discoloration. Phosphates are thought to exert their well-known ability to 

bind metal and thus reduce lipid oxidation which can lead to a yellow color in the product (Bjørkevoll et 

al., 2012). Phosphates however do not have the ability to bleach, meaning that if a yellow discoloration 

is already present in the product then it will not turn white (Þórarinsdóttir et al., 2010). Added 
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phosphates tend to break down during the salting phases but once in storage they have been shown 

to be stable. However upon rehydration they are almost entirely lost from the product (Nguyen et al., 

2012).     

2.5 Soy sauce 

Soy sauce production originated in China but spread throughout Asia where other countries used 

different processes to produce their own type of soy sauce. This has resulted in a plethora of different 

types of soy sauces, which do however share some commonalities. In general soy sauce can be 

described as a fermented paste produced mainly from soybeans (Luh, 1995). The Chinese production 

method entails a two-stage fermentation process. The first stage is where defatted soybeans and 

wheat are mixed together and aerobic fermentation takes place driven by the mold Aspergillus oryzae. 

During this fermentation stage the more complex sugars are broken down into monosaccharides and 

koji is produced. Once fully matured it is mixed in brine and fermentation by lactic acid bacteria and 

yeasts is initiated. The time needed to fully ferment soy sauce is dependent on the temperature during 

fermentation and the strength of the brine. Once the solids have been separated it is then either 

pasteurized or treated with preservatives. Any variation in the fermentation such as time, temperature 

and cultures used effect the taste, texture and color of the soy sauce (Fukushima, 1981; Luh, 1995). In 

addition to fermented soy sauces there are other methods to produce different soy sauces which 

include formulated soy sauce and variety soy sauce. Formulated soy sauce uses acid-hydrolysates of 

plant proteins in addition to fermented soy sauce, producing a cheaper product of lower quality. 

Variety soy sauces are fermented but include non-traditional ingredients such as mushrooms and nuts 

( Kim et al., 2011; Lee et al., 2006; Luh, 1995). Overall soy sauce is composed of salt, water, peptides, 

free amino acids, organic acids and free sugars (Lee et al., 2006).  

In recent years there has been an increased demand for oriental flavors, including soy sauce, in 

Europe (Yusop et al., 2010). Due to this trend research into soy sauce has increased and its many 

alleged health benefits and antioxidant actions have been studied. Soy sauce has a very high 

antioxidative capacity as shown by Nagahara et al. (1992), Ando et al. (2003) and Long et al. (2000). 

Anticarcinogenic activity has also been reported by Nagahara et al. (1992). Antimicrobial activity has 

also been studied and Masuda et al. (1998) found that soy sauce inhibited growth of E. coli. However 

there have been several safety concerns surrounding soy sauce. The presence of biogenic amines 

and chloropropanols in soy sauce have been well documented (Crews et al., 2002; Stute et al., 2002). 

The levels of biogenic amines however have been found to be well under proposed health risk limits 

(Stute et al., 2002). Chloropropanol levels are closely monitored in soy sauce with the limit being 0.02 

mg/l (European Commission, 2001; Crews et al., 2003).  

The effects of soy sauce in marinades has received some attention in the last several years. Kim et 

al. (2011) found that the addition of soy sauce to beef patties inhibited metmyoglobin formation, which 

causes off color, and hypothesized that it could inhibit lipid oxidation. In the same study darkening of 

the meat was reported but was found to be due to the dark color of the soy sauce and not oxidation. 

This was confirmed later by the findings of Kim et al. (2013) in irradiated pork patties where lipid 

oxidation was repressed. Kargiotou et al. (2011) investigated soy sauces effect on spoilage bacteria in 
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meat and found that not only was bacterial growth inhibited but they also recorded a reduction in lipid 

oxidation. The tenderizing effects of soy sauce in meat has also been studied by Kim et al. (2013). 

They observed that tenderization of the meat is accomplished, defined as a decrease in shear 

strength, without any changes in WHC or cooking yield. They hypothesized that this was due to 

increased collagen solubility and degradation of the myofibrillar proteins. Soy sauce has traditionally 

been used in beef marinades rather than fish marinades thus explaining the lack of scientific literature 

on the subject. 

2.6 Markets 

2.6.1 China 

In 2013 a total of 8.4 billion USD worth of fish and seafood was imported to China, most of which was 

fish meal and oil, frozen Alaskan Pollock, frozen squid, cuttlefish and cod. China is today the single 

biggest market for seafood, having overtaken both the European Union and the United States of 

America in 2012. It has been projected by the World Bank that by the year 2030 China will account for 

38% of world fish consumption. China was also responsible for 35% of all seafood production in 2013, 

exporting for a value of 19.7 billion USD (AAFC, 2014). The annual consumption of fish has increased 

in China alongside the growth of the middle class. With the growth in middle class an increased 

demand for imported fish has come as it is still seen as being of higher quality than domestic goods 

(Kharas, 2010). Marketing of fish products in China focuses on ease of preparation and healthiness. 

There is a preference for sweet and savory snacks in china, but with the healthy trend in China 

producers are trying to come up with ways to produce healthy snacks. China is an extremely large 

country with a population of 1.4 billion, meaning that there are different market circumstances in 

different parts of China. East China has a higher standard of living than the other parts and 

subsequently have the highest purchasing power. Mid China is trending towards healthier food with 

the preference there being for spicy food and strong tastes. North and Northeast China is a developing 

market with many opportunities. Northwest China has a preference for meat and Halal food. Due to 

the lower income in this region inexpensive food markets are expected to grow there. South China has 

seen a growth in demand for high-quality food products as well as for sweet products. Southwest 

China has a preference for strong tastes and heavy spices (AAFC, 2014). With the recently signed 

free trade agreement between Iceland and China there is an opportunity to enter the market at lower 

costs than the competitors (Icelandic Ministry for Foreign Affairs 2013). Although Iceland will never be 

able to compete with the bulk producers they should be able to focus on quality and healthy products 

that emphasize the clean oceans of Iceland as well as the clean environment during processing.  

2.6.2 South-Korea 

South-Korea also represents an interesting market as there are 50 million people living there and in 

2013 70% of their food need was met by imports. A much smaller market than Chinas, they imported 

seafood for 2.8 billion USD. With regards to views towards seafood the South-Koreans share a similar 

view to the Chinese in that they prefer fresh fish to frozen. In recent years there has been a trend 

towards fish caught in Europe, this is mainly due to the Fukushima nuclear plant runoff into the ocean 
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surrounding Asia. Fish from Russia and Norway has therefore been in increasing demand. The 

average consumption of seafood is around 56 kg per person. The average disposable income in 

South-Korea is very high and there has been a trend towards easy to prepare foods as well as healthy 

foods. In line with the health food trend producers have been marketing their products without 

preservatives and additives (AAFC, 2015a).  

2.6.3 Thailand 

Thailand is yet another large importer of fish in Asia, importing seafood for 3.2 billion USD in 2013. 

The Thai imports have mostly been frozen tuna from the United States, Taiwan and China. Contrary to 

the other countries the Thais consume much more canned and processed food. The seafood trend for 

new products is very similar to the one in South-Korea with a heavy focus on using no preservatives 

nor additives (AAFC, 2015b).     

2.7 Study objectives 

The objective of the study was to produce an innovative product, marinated dried blue whiting, while 

determining the most optimal process for its production. By choosing three different independent 

variables and using a 2 level full factorial design the effect of each variable would be determined with 

regards to the final products chemical, microbial and sensory attributes as well as its shelf-life.  
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3 Methods and materials 

3.1 Experimental setup  

The storage life of chilled blue whiting caught as by-catch in September was determined to ascertain 

its suitability for marinating and drying. Both whole and headed and gutted fish were used, which were 

kept on ice for 14 days and the shelf-life was estimated using chemical, microbial and sensory 

evaluation. 

A study was carried out to determine the most appropriate marination time to give an insight into 

the behavior of blue whiting during marination with regards to moisture retention, sodium chloride 

uptake and aw. It was also meant to give an insight into the effects of combining marination with warm 

indoor drying in regard to sensory attributes.  

A study on drying of marinated blue whiting was carried out, consisting of 13 different groups, 

including a control that only underwent brining. The design of the experiment was based on fulfilling 

the requirements of a 2 level full factorial design, which requires 8 different groups in regard to the 

independent variables. Along with the 9 already defined groups 4 others were prepared with the 

addition of polyphosphates to determine their effect on the final product in regard to sensory attributes 

and color. Three independent variables, soy sauce, sucrose and lemon juice, were selected and 

controlled for in each group at two pre-determined levels, high and low.   

Chemical and microbial analysis were performed on the raw material provided by Síldarvinnslan hf. 

(Neskaupstaður, Iceland). Microbial analysis were performed on the marinades produced both before 

and after use. 

The drying took place at Vestfirska Hardfisksalan (Reykjavik, Iceland) using a traditional rack 

drying cabinet.  

Chemical, microbial and sensory analysis were performed at three different sampling dates for the 

final product, directly after drying, day 0, after 27 days of storage and after 87 days of storage. The 

groups were kept in a dry storage space at Matís ohf (Reykjavik, Iceland) during the storage period 

and were kept in eco-friendly hessian bags provided by Haustak hf (Reykjanes, Iceland) to emulate 

the storage of traditional Icelandic dried fish.  

After the storage under normal Icelandic conditions the groups were incubated in a custom made 

climate chamber for 28 days, controlling both the relative humidity and temperature, which was meant 

to emulate the humidity and temperature of typical countries that Icelandic producers export to. After 

the incubation period sodium chloride, moisture, aw and sugar contents were analyzed.  

Flow charts for by-catch evaluation and marination time determination can be seen in Figure 1 and 

a flow chart for the drying post-marination study can be found in Figure 2.  



14 

  

Figure 1. Flowchart of the by-catch evaluation study and marination time determination listing 
processes as well as analysis for each study. 

 

 

Figure 2. Flowchart for the drying post-marination study listing all processes as well as 
chemical and microbial analysis along with sensory evaluation. 
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3.2 Samples 

Three different batches of raw material were used in the experiments, two of which were only used 

during the by-catch evaluation and marination time determination. Whole frozen blue whiting was 

obtained from Síldarvinnslan hf (Neskaupstaður, Iceland) on the 24th of September 2014. Before 

being brought ashore it was kept in seawater at 0°C for 36 hours whereupon it was then frozen whole 

and kept at -24°C. Headed and gutted frozen blue whiting was also provided by Síldarvinnslan and 

Norlandia (Olafsfjordur, Iceland). The whole blue whiting was only used during the by-catch evaluation 

as well as for the marination time determination along with the headed and gutted blue whiting 

provided by Norlandia. The headed and gutted blue whiting provided by Síldarvinnslan hf was used for 

the main study.  

On average the raw material contained 74.5% moisture, 18.8% protein, 0.87% sodium chloride, 

0.59% fat and 1 % total ash. The TVB-N was 34.5 mg/100g, TMA 10.3 mg/100g and aw 0.984. 

3.2.1 Marinade and group descriptions 

The marinade ratios used for the marination time determination can be seen in table 1.  

Table 1. Marinade ratios during the marination time determination. 

  

Blue 

whiting (kg) 

Soy 

sauce 

(kg) 

White 

pepper (kg) 

Lemon juice 

(kg) 

NaCl 

(%) 

Marinated Fish 15 4.2 0.2 0.6 0 

Brined fish 10 0 0 0 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 

Marinade ratios for each group along with expected sodium chloride uptake are shown in table 2. 

Table 2. Marinade ratios for each group including expected sodium chloride levels in final 
product. P at the end of a batch name indicates addition of 0.2% polyphosphates 
to the marinade. 

Batch name 

Soy 

sauce 

(kg) 

NaCl in 

mix (%) 

Sucrose  

(kg) 

Lemon 

juice (L) 

Added 

water (L) 

Expected NaCl 

(%) in final 

product 

335 4.2 3.8 0.5 1 4.3 3.0 

535 7 6.2 0.5 1 1.5 5.0 

555 6.8 6.3 1 1 1.2 5.0 

536 7 6.2 0.5 0.5 2 5.0 

556 6.8 6.3 1 0.5 1.7 5.0 

336 4.2 3.8 0.5 0.5 4.8 3.0 

355 4.1 3.8 1 1 3.9 3.1 

356 4.1 3.8 1 0.5 4.4 3.1 

555P 6.8 6.3 1 1 1.2 5.0 

356P 4 3.7 1 0.5 4.5 3.0 

336P 4.1 3.7 0.5 0.5 4.9 3.0 

536P 7 6.2 0.5 0.5 2 5.0 

Brine 0 5.0 0 0 10 3.9 

 

The first number in the group description indicates the value of soy sauce, the second the value of 

sucrose and the third is the value of lemon juice used in the marinade. Two levels were selected, high 

and low, which for sucrose and soy sauce are denoted as 5 for high and 3 for low. For lemon juice 5 is 

the high value while 6 is the low. The P at the end of the group name indicates that the group was 

treated with 0.2% polyphosphates. Brine was the control. 

3.3 Drying 

Drying was carried out at Vestfirska Hardfisksalan. Groups were placed on drying racks before being 

placed inside a drying cabinet for 6 days. Afterwards the groups were kept in a drying room for 2 days 

before being transferred into hessian bags. Both relative humidity and temperature was recorded 

during drying.  

3.4 Climate chamber 

The custom made climate chamber was assembled from a Danfoss (Nordborg, Denmark) compressor, 

Waterworld purification systems (Saratosa, Florida, USA) humidifier and Stulz (Hamburg, Germany) 

temperature control. The samples were incubated in the chamber for 28 days, during which time 

relative humidity and temperature were recorded.  
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3.5 Experimental design 

A 2 level full factorial designs is capable of exploring many factors at a time. By setting each factor at 

only two levels it is possible to estimate the effects of all interactions. The factorial model is made up 

of coefficients multiplied by each factor level, the form of which can be represented as: 

Y=β0+β1X1+β2X2+β3X3+β12X1X2+β13X1X3+β23X2X3+β123X1X2X3. In this model bn represents the 

coefficient of each factor and the letters A, B and C represent each factor. By combining effects, for 

example BC, the interaction of the factors can be estimated. For this study half-normal plots were 

used to visualize the estimated effects, meaning that there is no sign of effect on the plot only the 

estimated effect. The sign of effect, negative or positive, can however be seen on the plot legend. 

 

Geometric representation of a 2 level full factorial design can be seen in Figure 3.  

 

Figure 3. Geometric representation of a 2 level full factorial design. Each point on the box 
indicates a group, giving a total of 8 points. Knowing the effect of each point 
allows the estimation of each independent variable. 

 

The coded value description is shown in Table 3. 

Table 3. The coded value description for each independent variable along with their non-coded 
values. -1 is regarded as the low factor with 1 indicating the high factor.  

 

 

 

 

 

 

 

Coded Values -1 1

Soy 3% NaCl in Final product 5% NaCl in final product

Sugar 5% in marinade 10% in marinade

Lemon Juice 5% in marinade 10% in marinade
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Design description with coded factors is shown in table 4.  

Table 4. Design description of each group using coded factors. 

Group 
Soy 

sauce 
Sucrose 

Lemon 
Juice 

336 -1 -1 -1 

356 -1 1 -1 

536 1 -1 -1 

335 -1 -1 1 

535 1 1 1 

355 -1 1 1 

556 1 1 -1 

536 1 -1 1 

 

3.6 Chemicals 

All chemicals were obtained from Sigma Aldrich, Steinheim, Germany except for Monopotassium 

phosphate which was obtained from (Merck, Darmstadt, Germany), Kjeltabs Cu/3,5 (Foss, Hillerod, 

Denmark), Carnal 2110 (Budenheim, Budenheim, Germany). A Sucrose/Glucose assay kit (Roche, 

Basel, Switzerland) was used for the sugar evaluation. For the marination and drying trials Yamasa 

standard grade soy sauce (Yamasa Corporation, Araoicho, Japan), lemon juice from concentrate (Ital 

Lemon, Codogno, Italy), sucrose, white pepper powder (Solina, Skanderborg, Denmark) were used.  

3.7 Chemical Analysis  

3.7.1 Sample preparation 

For chemical analysis 5 fishes were randomly selected from each group and reduced in size using a 

Combimax 600 (Braun, Aschaffenburg, Germany) at the highest setting until the samples were 

deemed fully homogenous.  

3.7.2 Fat 

Fat content was measured using the AOCS Official Method Ba-3-38, 1997 with modifications 

according to Application note Tecator No AN 301 (AOCS, 1998). The method entails using petroleum 

ether to extract the fat from the sample in a 2050 Soxtec Avanti Automatic System. Approximately 5g 

of the sample are weighed and dried in an oven at 103°C ±2°C for one hour. A cup that collects the 

extracted fat is weighed before and after the extraction. The increase in the cups weight corresponds 

to the amount of fat in the sample.  

For raw material samples approximately 5 g of sample were weighed into a porcelain cup 

containing fat free sand but following the previous protocol in every other way.  

3.7.3 NaCl 

Sodium chloride content was determined using the AOAC 937.09 17th ed. 2000 method (AOCS, 

2000). By adding excess silver nitrate soluble chloride is extracted with water containing nitric acid. 
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The amount of chloride is then determined by Volhard titration. Approximately 0.5 g of the sample is 

weighed along with 25 mL of deionized water and 20 mL of nitric acid. The sample is then boiled and 

cooled down before titration. 

3.7.4 Total volatile basic nitrogen (TVB-N) 

TVB-N was measured using the method described by Billon et al. (1979). Approximately 100 g of 

sample are added to a mixer along with 200 mL of 7.5% TCA and mixed at maximum rpm for 60 

seconds and allowed to stand for 10 minutes. The mixture is then filtered using no. 3 Whatman filter. 

Around 25 mL of the extract are then steam distilled along with 10% NaOH using a Struers steam 

distiller for 4 minutes. The contents are collected into a 4% boric acid solution which is then titrated 

using a weak H2SO4 solution.   

3.7.5 Trimethylamine (TMA)  

TMA was measured using the method described by Malle et al. (1987). The sample preparation and 

handling is the same as for TVB-N analysis, the only exception being that formaldehyde is added prior 

to the steam distillation. 

3.7.6 Moisture 

Moisture content was measured using the ISO 6496-1999 method in which approximately 5g of the 

sample are weighed and put into an oven operating at 103°C ±2°C for 4 hours (ISO, 1999). After 4 

hours the sample is cooled down in a desiccator and then re-weighed. The amount of weight lost 

during the 4 hours correspond to the amount of moisture in the sample.  

3.7.7 Protein 

Crude protein content was measured using the ISO 5983-2:2005 method with modifications (ISO, 

2005). Approximately 0.5 g of the sample is weighed and digested in H2SO4 using Copper as a 

catalyst. After digestion the samples placed in a distillation unit, 2400 Kjeltec Auto Sampler System. 

The acid solution is made alkaline by a 40% NaOH solution. The ammonia is distilled into 10% boric 

acid and the acid is simultaneously titrated with diluted H2SO4. The nitrogen content is multiplied by a 

factor of 6.25 to calculate the percentage of crude protein.  

3.7.8 Water activity (aw) 

The aw was measured using water activity meters (Aqua Lab Series 3 and Series 4, Decagon Devices, 

USA). The measurement plate of each device was filled with a sample and placed within until finished.  

3.7.9 Ash 

Total ash content was measured using the ISO 5984-2002 (E) method. Approximately 2 g of the 

sample is weighed in an incineration crucible and carbonized before being placed into an oven heated 

to 550°C ±18°C for 4 hours for complete incineration (ISO, 2002). The crucible is then cooled down in 

a desiccator before being weighed again. The total ash content is then calculated.     
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3.7.10 Phosphates 

The total phosphate content was measured using the AOAC (1990).15th ed no.969.31 method 

(AOAC, 1990). Approximately 2 g of sample are weighed in an incineration crucible, CaO added and 

then dried at 103°C±2°C before carbonization. Carbonization is followed by incineration for 4 hours at 

550°C ±18°C. The ash is then hydrolyzed with HCl and HNO3 for 10 minutes before being filtered and 

reacted with a vanadate/molybdate solution. The absorbance of the complex is then measured at 

420nm.  

3.7.11 pH 

Measurements of pH were carried out using an Orion Star A111 pH Meter. The electrode was 

submerged into the liquid that was being stirred while the pH was determined.  

3.7.12 Sucrose/Glucose 

Sucrose and Glucose were determined using an enzymatic assay kit. Glucose is determined before 

and after enzymatic hydrolysis and the sucrose concentration is calculated as the difference in 

glucose. The method used relied on using a wavelength of 340 nm. Calculation of glucose and 

sucrose were as follows: 

𝑐 =
𝑉 ∗ 𝑀𝑊

∈∗ 𝑑 ∗ 𝑣 ∗ 1000
∗ ∆𝐴(

𝑔

𝑙
) 

c=concentration, V= final volume (ml), v = sample volume (ml), MW = molecular weight of 

substance (g/mol), d = light path (cm), ∈ = extinction coefficient of NADPH at 340 nm. 

The results were then calculated from the amount weighed, giving sucrose/Glucose/100g of 

sample. For sucrose the formula was as follows: 

𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑠𝑢𝑐𝑟𝑜𝑠𝑒 =
𝐶𝑠𝑢𝑐𝑟𝑜𝑠𝑒 (

𝑔
𝑙

)

(𝑊𝑒𝑖𝑔ℎ𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛
𝑔
𝑙

𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 
∗ 100 (

𝑔

100𝑔
) 

 

3.7.13 CIEL*a*b analysis 

Color measurements were made with a Minolta CR-300 Chroma and Minolta data processor DP-301 

meter (Minolta Camera Col, Ltd., Osaka, Japan) using the Lab* measuring mode (CIE 1976). Each 

variable denotes a different color value, L* is the lightness variable ranging from white to black. The a* 

gives a range from red to green while *b ranges from yellow to blue. L* = 100-white, 0 black. a* = +a*-

red, -a*-green. b* = +b-yellow, -b*-blue. A total of 3 different samples from each batch were selected 

and 5 different points analyzed for each sample. 

3.8 Microbial analysis 

3.8.1 Total Viable Count (TVC) 

For the evaluation of total viable count Plate Count Agar was used according to the NMKL method No. 

86 4th edition (2006). Different dilutions were made for different types of sample types ranging from 
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10˄-2 - 10 ˄-6. The sample types in question were fresh fish, marinade and dried and marinated fish. 

Plates were incubated at different temperatures depending on the sample. The incubation 

temperatures used were 22°C, for 72 hours, 30°C, for 72 hours and 37°C, 48 hours. Pre-prepared 

agar was obtained from both the microbial lab of Matís Reykjavík and Matís Neskaupstaður. 

3.8.2 Iron agar 

For the evaluation of specific spoilage organisms in fish and fish products Iron agar was used 

according to NMKL method No. 184 (2006). The plates were incubated at 22°C for 72 hours. Pre-

prepared agar was obtained from the Microbial lab of Matís Reykjavík.  

3.9 Sensory analysis 

3.9.1 Sensory panel 

The raw blue whiting was evaluated using QIM (Quality Index Method) for Cod (Martinsdóttir et al., 

2001). A total of 5 different fishes were evaluated for each group by 4 experienced panelists. The 5 

fishes were put on a table and examined by the panel. The blue whiting was also evaluated after 

steam cooking. The blue whiting was served warm for five experienced panelists who described the 

sensory attributes. No information was given to the panelists prior to tasting/evaluating and all 

samples were coded.  

The dried blue whiting was evaluated with Generic Descriptive Analysis (GDA), as introduced by 

Lawless and Heymann (2010). Eight panelists participated in the sensory evaluation. They had all 

been trained according to international standards (ISO 8586, 2008 ); including detection and 

recognition of tastes and odors, use of scales, and in the development and use of descriptors. The 

members of the panel were experienced in using the GDA method. Two training sessions were carried 

out to create a GDA scale for the dried whiting and to train the panel in recognition of sensory 

characteristics of the samples and describing the intensity of each attribute for a given sample using 

an unstructured scale (from 0 to 100). The sensory attributes were 16 and are shown in Table 5. 

Portions weighing about 2 - 4 g were cut out of the fillets of the dried fish and placed in aluminum 

boxes coded with three-digit numbers. Each panelist evaluated duplicates of each test group in a 

random order. A computerized system (FIZZ, Version 2.0, 1994-2000, Biosystèmes) was used for data 

recording. Red lights were used to avoid the effect of appearance on the evaluation of odor, flavor and 

texture.  
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Table 5. Generic Descriptive Analysis evaluation form as introduced by Lawless and Heymann 
(2010). Each attribute was rated on a scale of 0-100. 

  sensory attribute Scale definition 

ODOR       

  fish feed none || much odor of fish feed, hay  

  sweet none || much sweet odor, soy sauce  

  dried fish none || much odor of dried fish / processed fish  

  fish oil none || much odor of fish oil, cod liver oil  

  rancid none || much rancid odor 

  
spoilage 

none || much 

odor from microbial spoilage (such as putrid, 
spoilage sour, sulphur) describe in comment line.  

FLAVOR       

  dried fish none || much flavor of dried fish / processed fish  

  sweet none || much sweet flavor 

  salt none || much salty flavor 

  soy sauce none || much flavor of dark soy sauce 

  fish oil none || much flavor of fish oil, cod liver oil  

  rancid none || much rancid flavor 

  bitter none || much bitter flavor 

  
spoilage 

none || much 

flavor from microbial spoilage (such as putrid, 
spoilage sour, sulphur) describe in comment line.  

TEXTURE       

  hardness soft || hard how hard is the sample 

  tender tough ||tender evaluated by chewing 

 

3.10 Data handling – Statistics 

Statistical analysis were performed using either t-test or one-way analysis of variance and using Holm-

Sidak method to determine significant difference (P<0.05) between groups and the control. The 

computer programs IBM SPSS 22nd edition (SPSS Inc., Chicago, IL, USA) and SigmaPlot 11th edition 

(SS Inc., San Jose, California, USA) were used for the statistical processing. Design-Expert Version 7 

(Stat-Ease Inc., Minneapolis, Minnesota, USA) was used to design the 2 level full factorial design as 

well as to determine the estimated effect of each independent variable using half-normal plots and 

one-way analysis of variance. 
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4 Results and discussion   

4.1 Shelf-life evaluation 

4.1.1 Physical and microbial analysis 

Figure 1 shows the development of CFU’s (log number/g) in whole and headed blue whiting caught as 

by-catch. 

 

Figure 1. The average CFU (log number/g) in both whole and headed and gutted blue whiting 
caught as by-catch kept on ice.  

During the shelf-life evaluation the headed and gutted fish had higher TVC at all sampling points. 

Average difference was found to be a log of 1 at all sampling points. According to the FAO Total viable 

count (TVC) should not exceed 100.000 per gram to be regarded as safe, which the headed and 

gutted group exceeds on day 2 with the whole fish only exceeding that limit around day 5 (Huss, 

1994). Magnusson and Martinsdottir (1995) observed significantly lower growth in defrosted cod. 

However because the groups in this study had been in stowage as a by-catch for 36 hours and 

endured lower quality storage compared to the study of Magnusson and Martinsdottir (1995) it is likely 

that the bacteria already proliferated. It is possible that different results would have been observed for 

blue whiting caught and handled in a different manner. It has also been observed that when stored in 

seawater the blue whiting tends to be located at the bottom of the stowage resulting in more likelihood 

of squishing thus resulting in poorer quality (Jóhansson et al., 2006). These results indicate blue 

whiting should not be processed immediately when caught as by-catch, as processing decreases the 

shelf-life of the fish. 
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Figure 2 shows the development of TMA in the two groups over a period of 14 days. 

 

Figure 2. TMA and TVB-N (mgN/100g) development of both whole and headed and gutted blue 
whiting caught as by-catch and kept on ice.  

The initial amount of TMA was the same for both groups at the start of the trial. TMA was formed 

faster at all sampling points in the headed and gutted group. The whole fish did however display a 

higher TMA formation rate than that found by Magnusson and Martinsdottir (1995), in defrosted cod, 

and (Jóhansson et al., 2006) using frozen at sea haddock. The difference can most likely be explained 

by the poorer quality handling of the blue whiting. The processed group developed TVB-N at a faster 

rate than the whole group. Formation of TVB-N showed a steady rate for both groups until the eight 

day after which the processed group experienced significant increase in the formation of TVB-N. Other 

papers have observed the development of TMA and TVB-N at slower rates than observed in this study 

(Karl et al., 2007; Rey-Mansilla et al., 1999). As previously mentioned the intrinsic softness of the fish 

along with the storage conditions under which it was stored could explain the high level of TMA and 

TVB-N determined in this study. The processed group’s higher formation rate could also be attributed 

to increased access of bacteria to the muscle and thus could account for the high formation rate. It is 

possible that at the time of the catch, September, the blue whiting had been feeding on plankton in 

preparation for spawning which could also explain the fast autolysis (Huss, 1994). For fish 

consumption a maximum TVB-N level of 40 mg/100g has been suggested, a level which the gutted 

fish and whole fish passed on day 2 and 5 respectively (Egan et al., 1981). 
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4.1.2 Sensory evaluation 

Results for QIM are shown in Tables 6 and 7. 

Table 6. Description of raw blue whiting caught as by-catch using QIM. Each group was kept on 
ice for either 1, 3 or 5 days before freezing while the reference group was frozen at 
sea.   

 

 

Table 7. Description of cooked blue whiting caught as by-catch using QIM. Each group was 
kept on ice for either 1, 3 or 5 days before freezing while the reference group was 
frozen at sea.    

 

Both cooked and uncooked blue whiting were evaluated fresh using QIM. The frozen blue whiting 

was evaluated after thawing. Fish caught as by-catch was deemed acceptable by the panel up until 

day 5, upon which it was deemed unfit for consumption. This explains why taste and texture was not 

evaluated on day 5 after cooking. On day 1 the fish was deemed suitable for consumers at every level 

whereas on day 3 consumer rejection was thought likely to occur even though it was thought fit for 

consumption. As observed by the sensory panel, blue whiting caught as by-catch has a very limited 

shelf-life. This observation by the panel is then further backed up by findings from the TVC and TVB-

N/TMA analysis. The blue whiting frozen at sea did not have the same desirable taste characteristics 

Raw

Frozen

Appearance 

and texture

Red/brown, some slime, 

fresh odor

Clear, Convex

Bright and fresh skin
Bright and fresh 

skin, thin
Blue skin, yellow slime.

Fatty fish odor, 

some liquification

Mat, sunken, gray

Light brown, torn, 

fermenting, rotten odor

Fermenting, rotten

Liquefied

Mat, slightly 

sunken, gray

Pink/light brown, 

hay odor

Metal, grass

Eyes

Gills

Odor

Abdomen

Metal, grass

Neutral odor, whole

Time (Days 

on ice)
1 3 5

Fresh fish

0

Discolouring on skin

Mat, slightly sunken, gray

Red/brown, some clear 

slime, metal and hay odor

Metal, grass, hey

Some liqufication

Cooked

Frozen

Time (Days 

on ice)
1 3 5 0 (Frozen at sea)

Excessive TMA

Yellow, green, 

discoloured

Not evaluated

Odor Sweet, warm milk, fish oil

Appearance
light, some discouloring, 

some clotting

Taste
Very sweet, very salty, 

some bitterness, dried fish 

Some sweetness 

and warm milk.

Red spots, loose, 

clotting

Very salty, some 

sweet, some TMA

Viscous, dry, loose

Fresh fish

Oily, processed fish

Discolouring, some 

clotting, light in color

Some sweetness, some 

salt, paper

DryNot evaluatedTexture soft, tender, sticky
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as the by-catch fish from day 1, with less sweet and salty taste. It had also suffered more physical 

damage, which is likely to have occurred at handling during processing. Ingimarsson (2001) 

thoroughly explored the option of utilizing blue whiting at restaurants. The results indicated that the 

taste was very similar to that of cod however the unreliability of the frozen fillets and the immense 

preparation time of each fillet made it unappealing for continued use.   

Sensory evaluation, microbial analysis and chemical analysis all showed that the use of blue 

whiting caught as by-catch would not lead to a product of quality and thus a decision was made to use 

only raw material frozen at sea. 

4.2 Drying 

4.2.1 Determination of appropriate marination time and drying 

Moisture retention and sodium chloride absorption after marination and drying is shown in Figure 3. 

 

Figure 3. Moisture retention and NaCl absorption during marination and drying of blue whiting. 
Five different treatment groups were used. Brined fish, 3% brine for 5 h, and fish 
marinated for 5,8,12 and 22 h.  

The drying took place during a period of 5 days at the average temperature of 19.6°C and average 

RH of 46.7%. The uptake of sodium chloride seemed to have plateaued at around 12 hours of 

marination but at the same time the fish still contained a lot of moisture. After only 5 hours, sodium 

chloride levels were quite high but the moisture retained was 38%. After 22 hours of marination the 

final products had a moisture content of 30%. The proportion of water and sodium chloride has been 

described as ZNaCl or salt concentration of a products liquid phase (Andrés et al., 2002; Barat et al., 

2003). Barat et al. (2003) found that in salted cod a maximum ZNaCl level of 0.26 was reached after 11 

hours, upon which it remained fairly stable. Those findings are in line with the results of this study. 

From these results, in regard to moisture and sodium chloride behavior, no more than 12 hours 

seemed to have been needed. According to these results then, producers should be able to control 

the sodium chloride content in the final product using marination, but this relies on knowing the initial 
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sodium chloride levels of the raw material, which is in accordance with other literature (Kindossi et al., 

2015; Šimat, 2011).  

4.2.2 Drying post-marination 

The relative humidity and temperature profile during the drying of marinated blue whiting is shown in 

Figure 4.  

 

Figure 4. Profiles for both average relative humidity and average temperature during drying of 
blue whiting for six days and then stored in a drying room for two days.   

The drying of the 13 groups took 6 days followed by 2 days in a drying room where the product was 

allowed to equilibrate. The thickness of the lines in Figure 4 represent the low and high value of both 

RH and temperature. The RH slowly decreased at an average rate of 2.4% every 24 h. The average 

wind speed in the dryer was 3.2 m/s.  
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4.3 Physical and microbial analysis 

4.3.1 Total viable count and specific spoilage organisms 

TVC of the products during the storage period can be seen in Figure 5.  

 

Figure 5. Colony forming units/g on four different groups of blue whiting including the control, 
at three different sampling times during storage.  

For all the sampling days there was a statistically significant difference (P<0.001) between all 

groups and the control. Batch 555 consistently displayed the highest total count with the control 

remaining the lowest throughout. The decrease over time is most likely to be due to the lowering of aw 

in the product as well as the decrease in moisture over time. A previous study examining traditional 

dried fish found much higher TVC in their product compared with these results (Jónsson et al., 2007). 

The difference between the two studies is most likely due to the excessive amount of sodium chloride 

in our study which would hinder growth as well as lower the aw. The previous study only featured 

products with sodium chloride levels between 1.5-2%. A possible reason for the excessive growth on 

batch 555 is that the amount of sucrose used during processing was higher than for the other groups. 

This could also explain why the control displayed such a low TVC as it contained no added sucrose. 

The lower counts over time are most likely due to the fact that the products lost moisture during 

storage and their aw was lowered as well. Along with these factors the amount of sodium chloride on 

the surface of the products most likely increased with time due to the drying of the product. Soy sauce 

has also been shown to have antimicrobial activities which could also explain the difference between 

the studies (Kargiotou et al., 2011; Masuda et al., 1998). The antimicrobial effect of soy sauce has 

been attributed to its unique composition of various organic acids and high sodium chloride levels. 

Citric acid was also used in the marination process, which has proven antimicrobial attributes (Valero 

et al., 2000). All these factors contributed to an unhospitable environment for bacterial survival and 

would fall into the definition of the hurdle principle (Leistner, 2000). Despite the high microbial count on 

the product they are not thought to be unsafe for consumption (Jónsson et al., 2007)  
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Tables for TVC of marinade can be found in the Appendix in Table 8. The raw material was 

analyzed for both specific spoilage organisms and TVC. All specific spoilage organisms analysis 

yielded <20 both before and after marination. TVC were on average 45 CFU/ml before marination and 

49000 CFU/mL after. The raw material used had a TVC of 92000 CFU/mL and <20 specific spoilage 

organisms which is well within the recommended limit (Huss, 1994). No significant difference (P>0.05) 

was detected between the groups before processing. There was a statistically significant difference 

found for all groups pre- and post-processing (P<0.05). From the bacteriological factors tested the 

marinade could possibly be reused but only if used immediately, however this would in all likelihood 

result in higher TVC in the final product. The low TVC after processing is most likely due to the 

antimicrobial attributes demonstrated by both soy sauce and citric acid (Akiba et al., 1957; Masuda et 

al., 1998; Poligne & Collignan, 2000; Şengör et al., 2007; Valero et al., 2000) Theoretically by using a 

fully saturated brine with a high sucrose content the aw should be low, coupled with low temperature 

and the presence of organic acids it should be enough to control microbial growth. Despite this though 

continuous use, i.e. more than twice, of the marinade would however not be recommended without 

further examination. Another consideration is that if the product is kept at refrigerated temperatures 

and then removed from the marination there would not be any immense time pressure to dry the 

product immediately, assuming the product would be packed and handled in a sanitary way.  

4.3.2 Sodium Chloride 

Figure 6 shows the sodium chloride load in each group.  

 

 

Figure 6. Sodium chloride content in blue whiting after marination and drying.   

All groups differed significantly from the control group (P<0.05) except group 535. The control 

group had the highest sodium chloride content. Group 535 showed a similar trend to the control group 

and had low amounts of sucrose in the marinade as well as a high amount of lemon juice. A study 

using anchovy found that the ratio between salt and other components of the marinade highly 

influence the uptake of other ingredients. They found that higher ratios of salt compared to other 
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components increased the diffusion of salt into the product (Capaccioni et al., 2011). Another study 

using herring also had similar results but experienced higher diffusion rates for sodium chloride 

(Rodger et al., 1984) A possible reason for the higher sodium chloride contents in the control group 

could be that that the sodium chloride had no competition during diffusion into the product. For group 

535 there was also limited competition for sodium chloride, in that the ratio of sodium chloride to 

sucrose was 1:0.5. In group 535 the ratio of lemon juice to sucrose was 1:0.5. Since lemon juice 

contains citric acid, which is known to hydrolyze the glycosidic bond of sucrose thus creating glucose 

and fructose, it is possible that sodium chloride was able to diffuse with less competition (Damodaran 

et al., 2007). Based on ZNaCl calculations all of the samples had values higher than 0.26 which would 

indicate that full saturation of the liquid phase had been reached and this should result in 

crystallization of sodium chloride on the surface of the product. However this was not observed on the 

surface of the marinated dried blue whiting, most likely due to the fact that the skin had not been taken 

off the fish during processing. It should be noted however that despite no visual crystallization on the 

skin it had an extremely salty taste, indicating that crystallization could have occurred (Andrés et al., 

2002; Barat et al., 2003).      

Effects of each independent variable on sodium chloride uptake can be seen in Figure 7.  

 

Figure 7. Half-normal plot showing the predicted effect of each independent variable on sodium 
chloride uptake during marination of blue whiting.  

Of the independent variables soy sauce displayed a significant influence on the uptake of sodium 

chloride (P<0.005). The further away from the line the more influence the variable exhibits. High 

amounts of soy sauce equated to high levels of sodium chloride, whereas sucrose exhibited the 

opposite relationship but the difference was not statistically significant (P>0.05). The amount of 

sodium chloride also rose with higher levels of lemon juice but again not statistically significant 

(P>0.05). High levels of soy sauce paired with high levels of lemon juice equated to significantly higher 

levels of sodium chloride uptake. This result was in line with a study using cassava fillets (Kindossi et 
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al., 2015). That study found that lower pH levels, brought on by increased citric acid, increased the 

diffusion of sodium chloride. However where there were high levels of both sucrose and soy sauce 

there was a negative effect on the sodium chloride uptake. This is in line with earlier observation made 

that larger molecules, such as sucrose, could negatively affect the uptake of sodium chloride (Bohuon 

et al., 1998). The negative effect of sucrose on the diffusion of sodium chloride has been hypothesized 

to be because sucrose forms a concentrated sugar coating on the products surface (Antoine Collignan 

et al., 2001). Lemon juice contains citric acid which breaks down sucrose into the monosaccharaides, 

fructose and glucose, which are smaller than the di-saccharide (Damodaran et al., 2007). The 

difference in size of the molecules could possibly explain why sodium chloride uptake was higher in 

groups with high levels of soy sauce and lemon juice. Because of the intricacy of soy sauce as a food 

matrix it’s hard to estimate the exact mechanisms of action during marination when compared to pure 

sodium chloride. Studies into marination and salt uptake of fish has mostly focused on fatty fish thus 

lean fish species have not received much attention. One of the main differences in their uptake is that 

increasing fat seems to influence sodium chloride uptake in a negative manner (Gudmundsdottir & 

Stefansson, 1997).       

4.3.3 Sucrose/Glucose 

Measured glucose, calculated into sucrose, at the end of the storage period and incubation can be 

seen in Figure 8.  

 

Figure 8. Measured glucose converted into sucrose g/100g for eight groups of blue whiting. 

The results of sucrose measurement were in line with what was expected, as the groups with high 

levels of sucrose and low levels of sodium chloride had the highest sucrose content while the groups 

with low levels of sucrose were the lowest. Groups with both high levels of sucrose and sodium 

chloride had values higher than for the low sucrose groups but lower than the high sucrose and low 

sodium chloride groups. There was a no significant difference in detected sucrose between groups 

355 and 356, they did however differ from all other groups significantly (P<0.001). Groups 335 and 
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535, with lowest respective values, did not differ from each other but differed significantly from all 

others. Groups 556, 336, 536 and 555 did not differ from each other significantly (P>0.05).  

The diffusion of sucrose is much slower than sodium chloride diffusion due to its large molecular 

size and the majority of the sucrose will be on the surface (Collignan et al., 2001). This has been 

further backed by a study illustrating the increased diffusion coefficient of low molecular weight sugars 

(Deumier, 2000). The surface coating created by sucrose is considered to be one of the major reasons 

that sucrose is capable of limiting sodium chloride uptake. One study demonstrated that once sucrose 

was introduced to a salt-water solution the diffusion coefficient decreased 11-fold (Reinfelds et al., 

1964). Despite sucrose’s ability to inhibit sodium chloride diffusion the opposite has not been 

encountered. One of the advantages of adding sucrose to the marinade solution is that it increases the 

concentration gradient between the product and the marinade, thus theoretically allowing for faster 

diffusion of other solutes into the product (Deumier, 2000).   

4.3.4 Moisture 

The moisture profile for each group after marination and drying can be seen in Figure 9.  

 

Figure 9. Moisture for blue whiting after marination and drying.  

All groups differed significantly for moisture compared to the control sample (P<0.05). No one 

independent variables seemed to have more significant impact than the other on the drying. A 

combination of them all seems to have bound the water better than the control group. 

The high loss of moisture in the control group can possibly be explained by the fact that it had the 

highest sodium chloride content, indicating that after marination it contained the least amount of water, 

and that the sucrose used in the other groups possibly created a concentrated coating on the surface, 

which slowed down moisture loss in the other groups (Agustinelli et al., 2013; Collignan et al., 2001). 

In general the diffusion of water in foods is controlled by several factors such as the pore size in the 

product, the size of the water molecule and the presence of other molecules that water can collide with 

in the vapor phase (Labuza et al., 1998).   
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The behavior of moisture in the marinated dried blue whiting during storage can be seen in Figure 10.  

 

Figure 10. Moisture profile for marinated dried blue whiting during storage for 187 days 
including incubation in a climate chamber for 28 days. 

During storage there was a significant loss of moisture for all groups (P<0.05) at each sampling 

time. None of independent variables significantly impacted the loss of moisture during the first 87 days 

of storage (P>0.05), however sucrose showed a significant influence on the moisture uptake during 

incubation in the climate chamber (P<0.05). The average RH was 73.5% and the average temperature 

was 20.8°C in the climate chamber. The profile of both can be seen in the Appendix in Figure 31. The 

climate chamber was meant to simulate the environmental conditions of the overseas markets and 

thus give indication of how the products would react once in the market. The loss of moisture during 

storage was due the low RH of the storage space used, which was meant to simulate similar 

conditions under which dried products are kept before they are shipped (Labuza & Hyman, 1998).  
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Effects of each independent variable can be seen in Figure 11.  

 

Figure 11. Half-normal plot showing the predicted effect of each independent variable on 
moisture absorption during incubation in the climate chamber. Sucrose had a 
significant effect on moisture absorption (P<0.005). 

None of independent variables significantly impacted the loss of moisture during storage (P>0.05), 

however sucrose showed a significant influence on the moisture uptake during incubation in the 

climate chamber (P<0.005). Higher levels of sucrose impeded moisture uptake in the product 

compared to those with lower levels of sucrose. This observation shows that the use of sucrose has 

more effect than just to add sweet taste to the product, ideally it could be possible to control the 

amount of moisture uptake in the product in environments where relative humidity and temperature 

are high. The possible reasons why sucrose at higher levels impeded moisture uptake could be 

several. One is that the concentrated coat layer at the surface created by the sucrose during 

marination slowed down moisture uptake (Bohuon et al., 1998). This explanation would suggest that 

the loss of moisture during storage should have been slower for groups with high sucrose contents, 

which was not observed in this study. While no crystals were observed on the dried product it is known 

that crystalline structures are more resistant to rehydration whereas amorphous structures are more 

prone to rehydration (Yu et al., 2008). It has been shown that amorphous sugars are in fact very 

hygroscopic (Roos et al., 1991). Another explanation is that because of sucrose’s location, on the 

surface, extensive browning could have proceeded during drying (Bhandari et al., 1999). Soy sauce is 

also known to contain a variety of free amino acids and sugars that could take part in the browning 

(Fukushima, 1981). Browning mostly takes place at aw between 0.6-0.8 (Labuza & Hyman, 1998), 

which was the final aw of the products after drying. This browning coupled with the already present 

sucrose layer on the surface could have inhibited moisture uptake in the groups that had higher 

sucrose contents. The relationship of sucrose and moisture uptake in the product is very interesting 
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with regards to stabilizing the product further as its intended for markets in countries that have high 

relative humidity and temperature. By adding more sucrose, or other sugars, the product can be 

stabilized and thus the safety of the product as well as the sensory attributes can be ensured to 

remain the same throughout storage.    

4.3.5 Water Activity (aw) 

aw for different marinade incubation times post drying are shown in Figure 12. 

 

Figure 12. Water activity after marination and drying of blue whiting. Five different treatment 
groups were used. Brined fish, 3% brine for 5 h, and fish marinated for 5,8,12 and 
22 h using pre-trial 2 marinade. 

aw lowered significantly (P<0.05) over time compared to the control group. The aw after drying was 

in accordance with what has been demonstrated before in traditional Icelandic dried fish (Jónsson et 

al., 2007). Lower aw than 0.85 is regarded as safe with regards to growth of spoilage bacteria as well 

as toxic formation. However molds can grow as low as 0.65 and yeasts even lower, or 0.60. The 

recommended aw for dried fish is around 0.60 (Jónsson et al., 2007). 
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The initial aw of each group is shown in Figure 12. 

 

Figure 13. Water activity of blue whiting after marination and drying.   

Only one group, 336, differed significantly from the control after drying (P<0.001). After 27 days of 

storage however none of the groups differed from the control. Each independent variable was 

explored in an attempt to see which, if any, had an effect on aw but none was found to exert any 

significant effect over the other (P>0.05). A possible reason why group 336, whose marinade 

contained low amounts of soy sauce, sucrose and lemon juice, differed could be due to increased 

diffusion of sucrose deeper into the fish muscle. Since the marinade contained low amounts of citric 

acid, sucrose would mostly have remained un-hydrolyzed, unlike group 335 that contained a higher 

level of citric acid. Since the amount of sodium chloride in the solution was low sucrose could have 

had increased access to the diffusion sites thus allowing it to diffuse deeper and therefore bind more 

water.   

The aw of a given food can accurately predict for a variety of different processes, such as microbial 

growth, lipid oxidation, enzymatic and non-enzymatic activity. Different ranges are required for each, 

with lipid oxidation peaking around very low aw values but browning for instance peaks at aw around 

0.6-0.7 (Rahman & Labuza, 1999). Microbial growth and toxic formation is almost non-existent around 

aw of 0.6 (Beuchat, 1981). The main ingredients used in this study that control aw were sugar and 

sodium chloride. Fully saturated solutions of each, 26% for sodium chloride and 69% for sucrose, 

have aw of 0.75 and 0.86 respectively (Bell et al., 2000). In a study of Icelandic dried fish the aw of fish 

using warm indoor drying was 0.65, which was very similar to the findings for the control group, with 

marinated groups having lower values (Jónsson et al., 2007). The lower values for the marinated 

group is most likely due to the synergistic effect between the soy sauce, sucrose and lemon juice. The 

interplay between sucrose and sodium chloride and their effect on aw is well known.    

None of the groups differed significantly after 27 days of storage however groups 536p, 556 and 

335 all differed from the control after 87 days of storage.  
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The aw behavior of each group during storage is shown in Figure 14.  

 

Figure 14. Water activity in marinated and dried blue whiting during storage for 187 days 
including incubation in a climate chamber for 28 days. 

aw lowered significantly (P<0.001) during the initial 87 days of storage and increased significantly 

(P<0.001) after incubation in the climate chamber. None of the independent variables seemed to play 

a significant role in the lowering of aw over time as the trend for the groups was very similar. The same 

also held true during the incubation in the climate chamber, in that the aw of all the groups increased 

and seemed to do so in a similar manner.  

After drying the average aw was around 0.6 which is well beneath what is needed to inhibit spoilage 

bacteria and toxic formation (Beuchat, 1981). During storage the aw reached a low of 0.3 which is well 

beneath anything that bacteria, yeast and mold can grow at. After incubation in the climate chamber 

however the aw rose to an average 0.71 which is a range that some molds and yeasts can grow on. 

However aw in and on itself is not the only factor affecting growth, as the high sodium chloride level, 

presence of organic acids as well the documented antimicrobial action of soy sauce would also work 

to inhibit growth (Akiba et al., 1957; Kargiotou et al., 2011; Masuda et al., 1998; Rahman, 2007; 

Şengör et al., 2007; Valero et al., 2000). 
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4.3.6 TMA/TVB-N 

Figure 15 shows the TMA content of each group after drying. 

 

Figure 15. TMA (mg/100g) content in blue whiting after marination and drying.  

All groups differed significantly for TMA compared to the control sample (P<0.001). The buildup of 

TMA in the products over time were not significant (P>0.05). TMA in products dried under heat has 

previously been reported and showed a similar trend to the findings in this study (Jónsson et al., 

2007). Some fish species are abundant with TMA-O while still alive but once dead part of the TMA-O 

is reduced to TMA by bacteria and other indigenous enzymes depending on the species of fish 

(Castro et al., 2006; Rey-Mansilla et al., 1999). TMA-O is reduced by bacteria due to their capability of 

using it as an electron acceptor during anaerobic respiration. In its reduced form TMA gives off a 

powerful odor often described as a fishy odor, that is generally not favored by consumers (Huss, 

1994). While it has often been used as an indicator for fish freshness the use of TVB-N has been 

favored in recent years as it gives a better overall view of protein decomposition (Lakshmanan, 2000). 

TMA has a boiling point of 3-7°C and usually evaporates in matrixes less complex than traditionally 

found in food (Carey et al., 2007). During storage there was no further TMA development, which could 

be explained by several possibilities. The marinade had a low aw, contained a high level of sodium 

chloride, organic acids and was stored at a low temperature, all of these could have inhibited the 

activity of any spoilage bacteria. The same conditions could also have affected any enzymes capable 

of reducing TMA-O. Another possibility is also that TMA-O in the fish had been depleted prior to 

processing. The TMA content in the control group is in line with findings from a similar study that used 

warm indoor drying. Compared to cold indoor drying or cold outside drying the amount of TMA from 

warm indoor drying is significantly higher. This was explained by the fact that higher temperature and 

longer processing time leads to higher formation rates of volatile nitrogen (Jónsson et al., 2007). The 

significant difference between the control group compared to all the other groups could be due to the 

0

10

20

30

40

50

60

70

80

90

TM
A

(m
g/

1
0

0
g)

335 555 535 536 556 336 Brine 555P 336P 356P 356 355 536P



39 

possible sucrose coat layer at the surface of the product. The presence of which would have inhibited 

the evaporation of TMA as the mobility of it would have been very limited (Bhandari & Howes, 1999). 

 
Figure 16 shows the initial TVB-N content of each group. 

 

Figure 16. TVB-N (mg/100g) content of blue whiting after marination and drying.  

All groups differed significantly (P<0.001) for TVB-N compared to the control sample. TVB-N in 

products undergoing a similar drying process have previously been analyzed and showed a similar 

trend to findings of this study (Jónsson et al., 2007). TVB-N is often used as an indicator for the 

freshness of fish as it combines TMA and all other free nitrogen, mostly in the form of NH3-N (Huss, 

1994). The formation of TVB-N of the control group is in line with what a similar study found using 

warm indoor drying (Jónsson et al., 2007). As noted earlier, the higher TVB-N formation was attributed 

to higher temperature and longer processing time leading to increased formation rate of TVB-N. The 

incredibly high contents of TVB-N in the marinated groups is most likely due to the presence of soy 

sauce. Soy sauce contains about 1.5% total nitrogen, of which about 45% are in the form of amino 

acids. In addition to that it also contains about 5% reducing sugars and 1% organic acids (Luh, 1995). 

The marinade also contained sucrose and lemon juice containing citric acid capable of hydrolyzing 

sucrose into its constituents of fructose and glucose, both of which are reducing sugars (Damodaran 

et al., 2007). All of these factors can influence the development of TVB-N formation through various 

mechanisms such as browning and general degradation of proteins (Labuza & Hyman, 1998). 
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The development of TVB-N during the storage time can be seen in Figure 17. 

 

Figure 17. Development of TVB-N in marinated and dried blue whiting during 87 days of 
storage. 

A buildup of TVB-N over time was observed for each group, the buildup however only differed 

statistically significantly between sampling days 0 and 87 (P>0.05). None of the independent variables 

seemed to have significant influence on TVB-N buildup over the other. The continued buildup of TVB-

N over time was very slow and most likely due to the fact that the groups were all stored at room 

temperature. Storage at a lower temperature would most likely have resulted in minimal buildup over 

time as TVB-N buildup is slower at lower temperatures (LI et al., 2009). The increase was most likely 

brought about by continued browning and general breakdown of proteins in the marinated group 

whereas for the control group it was mostly due to normal protein breakdown. The continued 

breakdown of proteins and other compounds containing nitrogen is most likely due to non-enzymatic 

browning brought on by the low aw (Labuza & Hyman, 1998).  
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4.3.7 Phosphates 

Total phosphates in treated and non-treated groups are shown in Figure 18.  

 

Figure 18. Detected phosphates in phosphate treated and un-treated comparison of blue 
whiting after marination and drying. 

Despite phosphate treated groups having higher detected values the difference was never 

statistically significant (P>0.05). There was no significant deterioration of phosphates in the products 

over time (P>0.05). The high phosphate values are due to the fact that sampling was done from whole 

fish, including bones. Only 0.2% of phosphates were added to the marinade, thus not much increase 

of phosphates was expected in the product. Phosphates have traditionally been added to marinates 

for several different purposes, such as their ability to increase WHC, retention of color and reduction of 

lipid oxidation (Alvarado & McKee, 2007; Nguyen et al., 2012; Þórarinsdóttir et al., 2010). The 

behavior of phosphates in salted cod has been thoroughly reviewed, both during brining and during 

storage and rehydration (Nguyen et al., 2012; Þórarinsdóttir et al., 2010). These studies have shown 

that the amount of phosphates in the muscle initially decrease as naturally occurring phosphates 

diffuse out before the added phosphates diffuse in. Several different factors influence the diffusion 

such as size of the molecules, with smaller sized molecules diffusing faster, and the phosphate 

concentration in the brine. The diffusion of phosphates is dependent on concentration gradients 

created by the solution and thickness of the fish muscle (Goncalves & Ribeiro, 2008). The results of 

this study showed that phosphates diffused at higher rates when sucrose and sodium chloride levels 

were either both high or both low. This could be because of a more balanced concentration gradient 

that would allow phosphates to diffuse more freely. It has been observed that phosphates are 

hydrolyzed over time both due to enzymatic and chemical actions in both meat and fish (Jastrzębska 

et al., 2008; Nguyen et al., 2012). In salted cod the phosphates were observed to change little during 

storage, but once rehydrated they were almost completely lost, having less detectable values than the 

raw material (Nguyen et al., 2012). The observation in this study was in line with the previously 

mentioned study in that phosphate losses were minimal during storage. 
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4.3.8 Color 

L* for each group after drying are shown in Figure 19.  

 

Figure 19. Average L* values for blue whiting after marination and drying. Total of 5 L* values 
were recorded for each sample and three samples were measured for each group. 
Samples that did not differ significantly (P>0.05) from the control (Brine) are 
marked.  

 

The lightness value, L *, was significantly different (P<0.05) for all groups compared to the control 

group at the first sampling point. The same applied for the third sampling point whereas six groups did 

not differ significantly at the second sampling point and they are denoted in Figure 19. The phosphate 

treated groups was significantly different throughout all sampling points for every color value 

(P<0.001). The changes in L * values for each sampling point did not differ significantly, indicating that 

there is little to no change in the lightness value over time. 
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Value of a* for each group after drying are shown in Figure 20. 

 

Figure 20. Average a* values for blue whiting after marination and drying. Total of 5 a* values 
were recorded for each sample and three samples were measured for each group. 
Samples that did not differ significantly (P>0.05) from the control (Brine) are 
marked. 

Half of the groups did not significantly differ from the control group for the red and green values, a 

*, at the first sampling point. A total of seven groups did not differ at the second sampling point 

whereas only the phosphate groups remained different at the third sampling point. While there was a 

small shift in color it was not significant between each sampling point.  
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The effect of each independent variable on a* after 87 days of storage are shown in Figure 21.  

 

Figure 21. Half-normal plot showing the predicted effect of each independent variable on a* 
values during storage over 87 days.  

At the last sampling point soy sauce was found to be a significantly (P<0.05) impactful variable with 

regards to the red, a *, color value. Higher values of soy sauce seemed to result in higher values of a 

*. The same was discerned with the relationship between sucrose and lemon juice in that higher levels 

of each variable combined to increase the red color in the product. However if sucrose was the only 

high variable this resulted in a greener color.  

Value of b* for each group after drying are shown in Figure 22. 

 

Figure 22. Average b* values for blue whiting after marination and drying. Total of 5 b* values 
were recorded for each sample and three samples were measured for each group. 
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Samples that did not differ significantly (P>0.05) from the control (Brine) are 
marked. 

 

Only four groups did not differ significantly (P>0.05) from the control group for blue to yellow, b *, at 

the first sampling point whereas at the second point five groups did not differ significantly (P>0.05). 

However all the groups differed from the control at the last point. The changes in color over time were 

not significant as with the other color values.  

The impact of each independent variable on b* values are shown in Figure 23.  

 

Figure 23. Half-normal plot showing the predicted effect of each independent variable on b* 
values during storage over 87 days. 

  

The initial b * values seemed to be most influenced by the combined effect of sucrose and lemon 

juice (P<0.05), in which high values for both variables resulted in bluer color, whereas on their own the 

two variables did not significantly impact the color. The products maintained their color throughout the 

87 days of storage despite the significant loss of moisture during that time.  

Other studies using soy sauce as part of their marinade experienced greater differences in color 

than in this study (Kim et al., 2011; Kim et al., 2014). These studies saw a significant decrease of 

lightness and an increase in redness and yellowness. Soy sauce has a very dark brown color which is 

attributed to melanoidin found in soy sauce and formed by maillard reaction (Cheigh et al., 1990). 

Another study found that color in radiated beef patties showed more stability when treated with soy 

sauce and attributed it to antioxidant actions (Kim et al., 2013). The main difference in this study is that 

the raw material used still had its skin on. Once the skin is removed from the product the muscle of the 

fish is much darker than that of the control, although these results are not shown. The decision not to 
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take the skin off the product during color measurements was based on the fact that the product is 

consumed whole and not de-skinned, thus consumers reaction would first and foremost be based on 

the actual appearance of the product. The phosphates had a much more significant effect on the color 

measurements than the soy sauce despite only being present at 0.2% in the marinade. The same 

observation was made with the phosphate group in that the muscle of the product was very dark. 

Phosphates have been used in salted cod for their ability to retain the white color due to their ability to 

chelate metal ions and thus retarding lipid oxidation and the yellow color that follows (Esaiassen et al., 

2005; Þórarinsdóttir et al., 2010). It should be noted that phosphates do not bleach the fillets, meaning 

that phosphates cannot revert a product to its original whiteness if any off color has already developed 

(Þórarinsdóttir et al., 2010).           

4.4 Sensory evaluation   

4.4.1 Sensory panel 

Taste profile of each group after drying is presented in Figure 24.  

 

Figure 24. Taste profile for blue whiting using after marination and drying.  

A statistically significant difference (P<0.05) was observed for all samples compared to the control 

group. Overall over time there was only a slight change in taste despite the loss of moisture in the 

product. The only significant change in taste was for salty taste, which increased during the storage 

time. This is not surprising as the loss of moisture from the product most likely led to sodium chloride 

crystallization, due to full saturation of the water phase, on the surface thus undoubtedly leading to 

increased salty taste.  

At no time during the sensory evaluation was the product rejected due to taste attributes. The taste 

of fish oil, rancidity, bitterness and spoilage were never significantly detected thus they were not 

included. The means of sensory evaluation can be found in the appendix. 
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The effect of each independent variable on sweet taste is shown in Figure 25.  

 

Figure 25. Half-normal plot showing the predicted effect of each independent variable on sweet 
taste after marination and drying. 

Soy sauce was the only independent variable that exerted a significant (P<0.05) effect on the 

sweet taste found by the sensory panel. Beforehand it was thought that sucrose would be a deciding 

factor in determining sweet taste, however the taste of the soy sauce was quite overpowering in the 

amount that it was used. The soy sauce used in the experiment was however not particularly sweet so 

if more sweet taste is required the use of such soy sauce is possible or by adding a sweetener such 

as sugar.   

Soy sauce was the most significant factor for every taste category that was deemed detectable. It 

had a negative effect on dried fish taste, meaning that the more soy sauce used the less the product 

tasted like traditional Icelandic dried fish. For bothsalt and soy sauce taste the more soy sauce used 

translated into more taste for each. All of these effects were significant (P<0.05). These results are not 

surprising as the soy sauce was thought of as a vector for sodium chloride and soy sauce obviously 

gives off soy sauce taste. In general then despite the sour taste of lemon juice and the sweetness of 

sucrose they were unable to exert any significant effect on taste.    
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Odor profile for each group after drying can be seen in Figure 26. 

 

Figure 26. Odor profile for blue whiting after marination and drying. 

The odor profile remained mostly unchanged during the 87 days of storage with no significant 

changes. Odors such as fish oil, rancid and spoilage were never detected at significant levels and 

were thus not included. The lack of those odors is an indicator of the ability of marination to enhance 

sensory attributes. The lack of development over time is also an indicator that drying of blue whiting is 

a viable option, as has been previously shown (Ingimarsson, 2001). 

 

The effect of each independent variable on sweet odor is shown in Figure 27.  
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Figure 27. Half-normal plot showing the predicted effect of each independent variable on sweet 
odor after marination and drying. 

Similar to the results for sweet taste, soy sauce was the only significant (P<0.001) independent 

variable with regards to sweet smell.  

The fish meal odor did not seem to be affected in a significant (P>0.05) way by any of the 

independent variables, whereas soy sauce had a significant (P<0.05) negative effect on dried fish 

odor.  

Odor and taste profiles for similar groups compared to the control group are shown in Figures 28, 

29 and 30.  

 

Figure 28. Odor and taste profile of marinated and dried blue whiting. 
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The groups containing low levels of soy sauce displayed a similar profile to the control group but 

differed for both salt taste and dried fish smell. Not surprisingly the control had the greatest dried fish 

taste, but the groups containing low amounts of soy sauce still displayed the dried fish taste to some 

degree.  

 

Figure 29. Odor and taste profile of marinated and dried blue whiting. 

The groups containing high levels of soy sauce and low levels of sucrose displayed a very different 

profile from the control. These groups lacked most of the dried fish taste while displaying much more 

sweet characteristics along with soy sauce taste.   

 

 

Figure 30. Odor and taste profile of marinated and dried blue whiting. 

The groups containing both high levels of sucrose and soy sauce were very different from the 

control. While not as salty as the control they displayed sweet and soy sauce like characteristics while 

lacking the dried fish taste quality similar to the high soy sauce low sucrose groups.   
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What these profiles go to show is that the products produced are very different from traditional 

dried fish produced in Iceland as was the purpose of the experiment. At no point during sensory 

evaluation were detrimental odors or flavors significantly detected. Phosphates did not seem to affect 

the sensory attributes in any way despite reports of phosphates causing soapy and bitter tastes 

(Ingebrigt Bjørkevoll et al., 2012; Teicher, 1999). In general the product was well received by the 

sensory panel despite its unique sensory profile. With regards to odor and taste the product could be 

considered stable under the studied storage conditions however the loss of moisture resulted in 

increased hardness. After incubation in the climate chamber however the marinated and dried blue 

whiting became softer.  
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5 Conclusion and suggestions for further studies 

Based on the results of this study blue whiting caught as by-catch is not suitable for human 

consumption and using it for food production is unlikely to yield quality products. This is due to its 

intrinsic softness that does not allow it to be stored in stowage like other pelagic fish. The results 

indicated that keeping the blue whiting whole on ice maintained freshness for longer than when 

processed. Today the best way to utilize blue whiting for human consumption is to process it at sea. 

This however is not without its problems as the fish quickly loses its color during frozen storage and 

with today’s methods it’s highly susceptible to damage during freezing. Today’s ships have immense 

cooling capacities and could hypothetically keep blue whiting fresh for processing at land, however 

given current fishing methods and low prices for blue whiting this is unlikely to happen soon. Currently 

then the best solution for blue whiting caught as by-catch is to utilize it for feed production.  

Current standard time for marination of blue whiting in Iceland is between 16-22 hours which 

according to our findings is too long. The ideal marination time found in this study was 12 hours as it 

represented an ideal balance between sodium chloride absorption and moisture retention during 

drying.  

The marinade created and used in this study was based on formula used in the industry. The 

findings of this study suggest that the current formula being used is inefficient and can be further 

refined to both save time and money for the producers. Much less soy sauce is needed than is 

currently being used, this excessive use of soy sauce in the formula translates into extremely salty 

products. However it must be noted that sodium chloride also works as a preservative so while 

excessive amounts of it can be bad for the taste profile and too little of it can shorten its shelf-life. 

Sucrose has benefits in the marinade beyond adding sweet taste and giving the product more 

sensory appeal. Sucrose, along with sodium chloride, has the added benefit of working as a 

preservative by lowering the aw. Not only that but higher sucrose contents in the products slowed 

down moisture uptake which is extremely relevant when the products are being produced for markets 

where humidity and temperature are high. 

Phosphates represent a way to change the color of the product, from a very dark color brought on 

by the soy sauce to a much whiter color, which could change the appeal of the product while still 

maintaining the same sensory and shelf-life attributes. Phosphates also offer a possible way to slow 

down lipid oxidation during storage. Only a very small dosage of phosphates was needed to produce a 

product radically different in color.  

Future work should focus on finding a middle ground for the amount of soy sauce needed in the 

production, enough to produce a taste while still maintaining a steady shelf-life. The use of sugar 

should be further examined as it demonstrated an ability to increase shelf-life and offers a way to 

regulate moisture uptake. Different drying methods should also be looked at as the use of hot indoor 

drying leads to higher TVB-N contents as well as potentially leading to faster lipid oxidation which also 

need to be further studied. Optimization of the marinade formula as well as drying process is essential 

for a cost efficient production while understanding the different mechanisms determining shelf-life is 

also essential.     
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Appendix 

Means of microbial analysis of marinade pre- and post-processing are shown in table 8. 

Table 8. Means of microbial analysis of marinade before and after the incubation of raw blue 
whiting for 16 h.  

 

 

T and RH profile during incubation in climate chamber can be seen in Figure 31. 

 

Figure 31. Average temperature (C°) and relative humidity (%) profiles inside the climate 
chamber over 28 days taken from two sensors. The thickness of the lines 
indicates the high and low values from each sensor. 

Mean scores for taste and texture can be seen in tables 9, 10 and 11. 

Table 9. Mean flavor (F) and texture (T) scores for all groups straight after marination and 
drying. Each factor was rated according to the GDA scale where each is rated from 
0-100. For all flavors and hardness 0 is none and 100 high. For tenderness 0 is 
tender and 100 is less tender. Scores lower than 5 are considered non-existent 
and scores of 10 are considered as trace-amounts. 

 

CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g

TVC 0 50 0 220 0 0 56000 44000 39000 56000 44000 39000

Iron agar <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
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Group F-dried fish F-sweet F-salt F-soy F-fish oil F-rancid F-bitter F-spoilage T-hardness T-tender

Day 0

Brine 46 16 40 10 6 6 7 4 76 24

335 36 24 28 26 6 6 12 3 73 19

336 34 22 28 31 6 5 8 3 79 16

355 30 21 24 29 6 3 7 3 75 15

356 30 20 31 23 4 6 10 5 74 14

356P 27 25 28 27 4 3 8 4 80 16

535 23 32 41 46 3 2 6 2 70 18

536 28 26 43 36 6 3 9 3 70 17

536P 22 25 35 35 5 1 9 3 73 17

555 29 29 32 32 5 2 5 1 71 17

555P 23 28 32 35 4 1 6 2 78 13

556 26 29 34 32 6 3 7 1 72 20
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Table 10. Mean flavor (F) and texture (T) scores for all groups after 28 days of storage. Each 
factor was rated according to the GDA scale where each is rated from 0-100. For 
all flavors and hardness 0 is none and 100 high. For tenderness 0 is tender and 
100 is less tender. Scores lower than 5 are considered non-existent and scores of 
10 are considered as trace-amounts. 

 

 

Table 11. Mean flavor (F) and texture (T) scores for all groups after 87 days of storage. Each 
factor was rated according to the GDA scale where each is rated from 0-100. For 
all flavors and hardness 0 is none and 100 high. For tenderness 0 is tender and 
100 is less tender. Scores lower than 5 are considered non-existent and scores of 
10 are considered as trace-amounts. 

 

 

 

 

 

 

 

 

 

Group F-dried fish F-sweet F-salt F-soy F-fish oil F-rancid F-bitter F-spoilage T-hardness T-tender

Day 27

Brine 33 12 33 8 2 3 5 3 87 24

335 33 12 18 9 2 4 6 4 81 21

336 21 21 30 34 1 1 5 1 81 19

336P 30 25 26 28 3 2 4 2 76 21

355 24 27 25 25 2 3 7 4 83 22

356 21 26 18 26 1 2 3 1 74 22

356P 26 25 24 24 2 2 4 1 79 27

535 26 19 25 27 3 1 10 2 80 18

536 26 26 27 26 1 2 6 3 85 28

536P 27 27 30 33 3 1 7 1 81 31

555 27 22 29 28 1 2 8 2 78 27

555P 21 26 34 35 1 2 9 7 73 18

556 24 23 34 33 2 2 6 6 82 22

Group F-dried fish F-sweet F-salt F-soy F-fish oil F-rancid F-bitter F-spoilage T-hardness T-tender

Day 87

Brine 33 16 46 13 1 2 12 0 83 47

335 34 20 22 14 2 1 4 1 83 45

336 35 16 24 10 1 1 5 1 85 44

336P 24 24 29 22 0 1 8 0 80 49

355 21 25 32 30 1 1 7 1 89 42

356 18 25 29 27 1 1 9 0 88 41

356P 24 30 31 27 1 1 7 0 79 50

535 21 24 40 32 2 3 7 2 85 47

536 17 24 37 30 2 2 10 2 80 44

536P 23 27 32 29 2 2 9 1 85 40

555 27 26 29 26 2 2 8 0 84 41

555P 28 24 37 30 1 1 5 1 84 36

556 23 22 34 27 1 1 6 1 81 45
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Mean scores for odor can be seen in tables 12, 13 and 14.   

Table 12. Mean odor (O) scores for all groups straight after marination and drying. Each factor 
was rated according to the GDA scale they are rated from 0-100. Scores lower than 
5 are considered non-existent and scores of 10 are considered as trace-amounts.  

 

 

Table 13 Mean odor (O) scores for all groups after 27 days of storage. Each factor was rated 
according to the GDA scale they are rated from 0-100. Scores lower than 5 are 
considered non-existent and scores of 10 are considered as trace-amounts. 

 

Group O-fish meal O-sweet O-dried fish O-fish oil O-rancid O-spoilage

Day 0

Brine 31 16 23 7 2 2

335 44 16 22 5 6 3

336 38 17 24 9 7 3

355 33 16 18 8 5 2

356 40 17 17 6 7 5

356P 36 20 18 5 3 4

535 35 31 17 5 2 1

536 38 24 18 7 3 1

536P 32 23 18 5 2 3

555 31 23 15 5 1 1

555P 40 23 18 3 1 1

556 38 23 19 5 4 2

Group O-fish meal O-sweet O-dried fish O-fish oil O-rancid O-spoilage

Day 27

Brine 22 9 18 2 1 1

335 31 11 19 2 2 1

336 27 18 20 1 1 1

336P 29 18 23 2 1 1

355 27 20 23 3 2 1

356 30 18 21 2 1 1

356P 26 19 24 2 1 1

535 34 17 14 2 1 3

536 31 20 18 3 2 1

536P 24 19 23 1 2 1

555 28 19 18 3 1 1

555P 31 14 14 1 1 2

556 36 19 23 1 1 1
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Table 14 Mean odor (O) scores for all groups after 87 days of storage. Each factor was rated 
according to the GDA scale they are rated from 0-100. Scores lower than 5 are 
considered non-existent and scores of 10 are considered as trace-amounts. 

 

 

 

Group O-fish meal O-sweet O-dried fish O-fish oil O-rancid O-spoilage

Day 87

Brine 31 18 20 2 1 0

335 40 16 25 3 2 1

336 39 15 24 2 1 1

336P 31 19 15 1 2 0

355 32 25 15 1 1 0

356 30 22 18 1 1 0

356P 31 21 13 1 1 1

535 28 26 15 3 2 1

536 26 26 14 3 1 2

536P 25 28 19 3 1 1

555 26 27 17 2 1 1

555P 37 15 22 3 1 1

556 36 15 19 2 1 1


