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Diagnosis of the industrial drying operation of salted cod 

Fábia Marisa Alves Santos 

This paper describes a diagnosis of the influence of the curing time, type of washing and drying time, 

for other pre-established industrial process conditions, in the variable A of the dried salted cod. Hence, 

a factorial design matrix was used, where these cod processing variables - curing time (1, 2 and 3 

months), the type of washing (immersion, hitting, sprinkling) and the drying time (95, 100 and 105 hours) 

- were simultaneously studied. 

In order to understand the possible influence of the fish and brine temperatures on the variable A of 

the dried salted cod, an additional study was carried out with temperatures measurement. For that, 

during the cod maturation time, 12 tubs were stored at different temperatures (13°C and 3.8-4.6°C). 

Subsequently, the cods were subjected to the variation of the parameters mentioned above. 

Results show that 90% of the analysed processed cod samples have a variable A above specification 

values of dried salted fish. These levels promote higher risks of microbiological contamination and, 

therefore, indicate the need of a drying reprocessing, to ensure the quality. 

Concerning the factorial analysis, just the drying time has influence in reducing the variable A of dried 

salted cod.  

Regarding the complementary study, it is verified that the fish and brine temperatures in the applied 

range has no relevance for the variable A of the fish. 

Under the implemented experimental conditions, the parameters that minimize the variable A of the 

dry salted cod, after the optimization performed through the multivariate analysis model, are: minimum 

maturation time of 1 month, salt removal by hitting process and 95 hours of drying. 

Keywords: Gadus morhua, curing, washing, drying, variable A, optimization. 

1. Background / Objectives 

Since ancient times, the dried salted cod Gadus 

morhua is part of the Portuguese diet, which gave 

this product a privileged status compared to other 

food. 

This work intends to determine if some of the 

parameters of the manufacturing process 

(explained below) have an influence on the 

reduction of the variable A of cod. 

To ensure the completion of this work the 

intermediate objectives are: measurement of fish 

temperatures after being scaled; measurement of 

liquid brine temperatures for seven days; 

construction of a matrix with simultaneous 

variation of the three parameters (curing time, type 

of washing and drying time); determination of 

variable A; study of the importance of the 

parameters by the factorial analysis; analysis of 

fish photographic images by ImageJ software. 

2. Introduction 

The Atlantic cod belongs to the family of the 

gadídeo and has the scientific name of Gadus 

morhua, given by the Swedish naturalist Carolus 

Linnaeus, in 1758. It’s the most famous species, 

has the most commercial relevance and is 

considered the real and genuine cod [1]. It lives in 

the cold and salty water of the North Atlantic sea 

and swims in the region from Newfoundland to 

Iceland and Norway [11], [12]. It can live in water 

with temperatures between 0°C e 20°C, though it 

seems to be more abundant in water with 

temperatures under 10°C [2], [4]. 

The Gadus morhua species is a robust fish, flat 

on the sides, with the superior half spindled and 

covered with small scales, except for the head. 

The head of the cod is big and may have up to a 

quarter of the total length of the body of the fish. 

The upper jaw is more prominent than the lower 

one and the bristle is quite useful for detecting 

prey. The mouth is wide with the jaw angle torn up 
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to the anterior part of the eye. The cod is 

characterized by having three dorsal fins, two 

ventral fins and a tail, with the first dorsal behind 

the head. It’s an osteicius fish with a skeleton [1], 

[2], [4], [5]. 

The conservation processes, namely the salting 

and drying, are based on the total or partial 

destruction of microorganisms capable of altering 

the food, increasing its shelf-life [6], [7].  

The salting is one of the most traditional 

methods of food conservation. The combination of 

salt and the decrease of the percentage of 

moisture, assures a preservation action on the 

food. The high level of salt causes the 

accentuated decrease of the water activity (aw) of 

the already semi-dehydrated food, improving the 

microbiological, chemical and biochemical stability 

[6], [8]–[11]. 

The salting process of the cod is based in the 

osmotic dehydration of fresh fish, in which the cod 

is placed in contact with sodium chloride in solid 

form or in a saline liquid solution (18% - 25% NaCl) 

[9], [12], [13].  

The dry-salting is the most used traditional 

method in the production of cod. The fish, properly 

gutted, skinned and clean is placed with the skin 

facing down in alternated layers of coarse salt 

(30% NaCl with regard to the weight of the fish), 

forming a pile. The coarse salt distributed by the 

surface of the fish, extracts the moisture of the 

fish’s muscle and creates the brine, that is 

continuously drained [8], [9], [12]. 

The process of wet-salting is considered 

another method of dry-salting, with the difference 

that the moisture extracted from the tissues isn’t 

drained, and the fish is gradually submerged in 

concentrated brine, obtained by the moisture of 

the muscle of the fish, in tight containers [8], [9], 

[12]. 

 In the traditional transformation of the cod, the 

resource to the wet-salting is frequent for one 

week (5 to 7 days), and the fish is matured in piles 

(dry-salting) for at least 10 days, depending on the 

product purpose. The combination of these salting 

stages increases the income in weight and in 

quality of the final product [9], [14]. 

The salting process may be influenced by a 

series of factors related to the utilized salt, the raw 

material and the climatic factors. Regarding the 

utilized salt, we may consider as factors the purity 

level, the concentration, the grain size and the 

micro flora; regarding the raw material, the 

freshness, the content in fat, the muscle thickness; 

and as for the climate factors, the temperature and 

the relative humidity of the surrounding air [13]. 

The washing stage of the cod after the salting 

has the purpose of removing the excess salt on 

the fish’s surface, in order to improve its 

appearance. 

For the washing process, three types stand out, 

washing by immersion, by sprinkling and by hitting 

the salted fish. The first process consists in 

making the fish go through a running water tank, 

in which, on its passage, it stays completely 

submerged in the water. The sprinkling is made 

through water jets, directly applied on the fish that 

moves through a belt with the ventral part facing 

up. The hitting process consists in gently batter 

the fish against a surface to remove the superficial 

excess of salt without resorting to contact with 

water. 

 The process of drying operates downstream 

the process of salting. They both consist in the 

elimination of water present in the fish, but the 

drying extracts the water of the tissues of the fish, 

at a level that the salting can’t reach, increasing 

the potential of cod conservation [13]. 

The drying operation consists in two distinct 

physical phenomena: the surface water 

evaporation and the water migration from the core 

of the product to its surface [13], [15]. 

In artificial drying, the fish is placed in net trays 

in stainless steel and then inserted in a drying 

tunnel, ventilated with forced convection and 

controlled temperature and humidity for 36 to 120 

hours [6]. The drying time depends on several 

factors, such as moisture of the fish, size and 

shape of the fish, level of fat, thermodynamic 

conditions of drying and space between the fish in 

the drying environment [13]. The drying by forced 

convection should be discontinuous (with resting 

periods), with temperatures between 18°C and 

21°C, a relative humidity percentage varying 

between 55% and 65% [16] and an airflow with1-2 

m/s [17]–[19]. 

The salting and drying of the fresh fish is not 

restricted to the production of a product of high 

durability but also to the alteration of the sensorial 

characteristics, such as colour, smell, taste and 

texture that make the product very appreciated by 

consumers [20], [21]. Many factors, including 

quality, type and condition of the raw material, 

concentration and quality of the salt as well as the 

used method to salt the cod, influence the quality 

and characteristics of the final product. Fresh raw 

materials and good production practices during 

the salting and drying are essential to improve the 

quality and the shelf-life of the cod [9]. 

According to the Decree-Law n°25/2005 of 

January 28th [22], the commercialized dried salty 
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cod must have a variable A equal or lower than 

47% and a level of salt (NaCl) equal or higher than 

16%. 

3. Materials and Methods 

3.1. Raw Materials 

For this study was used salted dried cod Gadus 

morhua with origin in Norway, Atlantic Ocean, 

Northeast and Northwest, that came to the factory 

salted green/frozen, with maturation times 

between 15 days and 3 months.    

The essential composite for the conservation of 

the fish, the salt, has a diverse crystal 

granulometry, with sizes between 2 mm and 

7 mm, moisture lower than 8% and a chloride level 

higher than 90% in NaCl.   

3.2. Sampling Method 

A sample is considered to correspond to one 

cod. The collection of samples is made randomly, 

in the area of selection and calibration of the fish 

considered salted and dried that, afterwards, goes 

to expedition. Therefore, it wasn’t possible to 

identify in which area of the drying tunnel the fish 

had been dehydrated, however, in most cases it 

was verified that the samples were in three 

different locations in the cars (base, middle and 

top). 

  After the collection of the fish, it is weighed and 

photographed so that, afterwards, it is analysed 

with the software ImageJ.  

The main work is to verify what is the influence 

of 3 factors (curing time, type of washing and time 

of drying), in the variable A of dried salted cod. 

Using Table 3-1 and Table 3-2 where we can find 

the description of the operating conditions, the 

samples of study were selected. 105 samples 

were analysed, an average of 4 samples per 

condition.  

At the same time, an additional study was made 

in order to understand the eventual influence of 

the fish and brine temperatures in the variable A 

of the dried salted cod, as well as all the factors 

mentioned before.  For this, 12 containers were 

submitted to different conditions, present in Table 

3-3, and were followed from the fish skinning to 

the tunnel of drying. For this study, 40 samples 

were analysed, 3 to 4 samples per container.  

For each measurement of the variables A, 10 

grams of the sample are necessary, 

corresponding to 0.3-0.5% of the weight of the 

studied fish. The treatment of the sample for this 

measurement is described in sub-chapter 3.6.  

   

 
 

 

 

 

3.3. Planning of the main work  

With the intent to determine the influence of the 

parameters curing and drying time and type of 

washing in the variable A of the final product, a 

factorial analysis was made at 3 levels. This 

experimental strategy allowed to save resources 

(time and materials), since the variation of the 

parameters is made simultaneously instead of 

varying one at a time. 

Three levels (-1, 0, 1) were defined for each 

factor A, B and C, to which the conditions of the 

process are defined in Table 3-1.  

Factor Parameter Level 

A 
Type of 
washing  

-1 Immersion 

0 Hitting 

1 Sprinkling 

B 
Drying 

time 

-1 95 hours 

0 100 hours 

1 105 hours 

C 
Curing 

time 

-1 1 Month 

0 2 Months 

1 3 Months 

Combinations A B C 
Samples 

number 

1 -1 -1 -1 6 

2 -1 -1 0 3 

3 -1 -1 1 4 

4 -1 0 -1 8 

5 -1 0 0 4 

6 -1 0 1 4 

7 -1 1 -1 8 

8 -1 1 0 3 

9 -1 1 1 3 

10 0 -1 -1 3 

11 0 -1 0 3 

12 0 -1 1 3 

13 0 0 -1 4 

14 0 0 0 4 

15 0 0 1 4 

16 0 1 -1 3 

17 0 1 0 3 

18 0 1 1 3 

19 1 -1 -1 4 

20 1 -1 0 3 

21 1 -1 1 4 

22 1 0 -1 4 

23 1 0 0 4 

24 1 0 1 4 

25 1 1 -1 3 

26 1 1 0 3 

27 1 1 1 3 

Table 3-2 - Matrix with the combinations for 33 factorial design 
and the number of samples studied. 

 

Table 3-1 – The variables considered for the experimental plan 
and its domains. 
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The total number of trials needed to analyse all 

the possible combinations is obtained by  

Ntotal = levelsfactors = 33 = 27 trials.  

The trials were executed randomly so that the 

independence of errors was reassured.  

The Table 3-2 represents the conditions of the 

27 performed trials. For example: in trial 1, the 

type of washing was by immersion, the drying time 

was 95 h and the curing time was 1 month.  

3.4. Additional Study 

In the additional procedure, the temperature of 

the fish after skinning and the temperature of the 

liquid brines were monitored, during 7 days of 

maturation, before the maturation in dry-salting.   

The intent of this study is to analyse if there is 

any influence of these temperatures in the variable 

A of the dried salted cod. 

First, the interior temperature of the fish was 

measured, with an average of 2 fish per layer in 

the containers, after being skinned. Then, the 

brines temperatures were measured for 7 days, in 

which 3 of the 12 containers were at 13C 

temperature and the remaining between 3.8°C 

and 4.6C, with a controlled air humidity between 

80 and 85%. The next step was the palletization of 

the fish in the containers and the continuation of 

the maturation process, starting by then the times 

of 1, 2 and 3 months. By the end of the curing time 

of each pallet, the fish of each container was 

washed. Finally, the weight loss of the fish in the 

drying process (95 h) was counted, with the 

weighing of the cars before and after this stage. 

The experimental planning for study is described 

in Table 3-3. 

 
 

Containers 

Curing 

temp. 

(°C) 

Curing 

time 

(days) 

Type of 

washing 

Drying 

time 

(h) 

1 13 35 Immersion 95 

2 13 35 Sprinkling 95 

3 13 35 Hitting 95 

4 13 98 Immersion 95 

5 13 98 Sprinkling 95 

6 13 98 Hitting 95 

7 13 70 Immersion 95 

8 13 70 Sprinkling 95 

9 13 70 Hitting 95 

10 7 35 Immersion 95 

11 7 70 Immersion 95 

12 7 98 Immersion 95 

 

3.5. Productive Process of the Dried 

Salted Cod  

3.5.1. Receiving and defrosting 

After the reception, inspection, weighing and 

identification, the raw materials are stocked in 

frozen and green salted raw material storage 

chambers at -18C and between 0C and 4C. 

The frozen fish received, beheaded and gutted 

is in blocs covered in cardboard, weighing 30 kg, 

stacked in pallets. For the defrosting stage, the 

cardboard is removed and the fish is inserted in 

defrosting tanks with capacity for 15 tonnes, with 

running drinking water. The tanks have the water 

temperature controlled and systems of sanitization 

of the surrounding circulating air, that assure the 

legal requirements of the Decree-Law 

n306/2007, of August 27th [23]. The defrosting 

process depends on the size of the fish; usually it 

takes 15 hours; the fish is left overnight in the 

tanks. 

3.5.2. Skinning  

After defrosted, the fish is skinned, with a 

longitudinal cut and opened by the ventral side, 

with the removal of two back thirds of the 

backbone, leaving the fish with the traditional and 

typical appearance of a skinned, opened cod. This 

operation is made with an automatic mechanical 

skinner. For this process, the fish temperature 

should not exceed 5C.  

3.5.3. Washing 

After leaving the skinning machine, the fish is 

immediately washed with proper brushes and 

running water to remove any traces of blood and 

guts, liver and blood clots, mainly in the ventral 

area, resulting of that operation.  

Depending of the final destination of the fish, 

white wing cod or black wing cod, the dark skin 

that covers the inside of the belly (peritoneum) is 

removed or not. This procedure happens during 

this stage and is made manually. 

By the end of the washing process, the fish has 

a consistent appearance and colour, a bright 

colour and firm consistency.  

3.5.4. Salting 

In the salting stage, the fish is disposed, with 

the ventral side up, in containers with capacity of 

about 500 kg, staggered with salt, creating 

homogeneous piles. For each kilogram of fish 

about 400 to 450 grams of salt is added manually 

or through a dispenser. 

After the filling of the containers, these are 

stocked at an average temperature of 13C for 7 

Table 3-3 - Experimental planning. 
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days, in which the fish are under the water that 

they release, designated as humid salting.  

Afterwards, the fish is drained and removed 

from the containers and then pilled in palettes and 

stacked in layers of coarse salt, where they rest 

for at least 15 days, being able to rest up to 90 

days.   

This period of time in salt assures an optimal 

and uniform cure, giving the fish the traditional 

flavour and texture of cod. 

3.5.5. Washing  

After the desired curing time, follows the 

removal of the skin mucus and the impurities on 

the cod. For that, it is subjected to one of the three 

types of cleaning: hitting, washing by tank and by 

spray.  

Finally, the fish is stowed in trays in a sequential 

way (head, tail, head) and uniform size, and later, 

conducted to the drying tunnel. 

3.5.6. Drying 

In the drying stage, the fish stowed in trays in 

the cars, goes in the drying tunnel with forced air 

circulation with controlled temperature between 

18°C a 24C and relative humidity higher than 

58%. The drying cycles vary between 36 and 

120 hours, depending on the size, thickness and 

commercial purpose for the fish.  

In the discharge process, the state of drying of 

the fish is evaluated by specialized operators. 

When the fish shows non-compliance, it goes 

back to the drying stage (redrying). 

3.6. Measurement of the Variable A 

For the determination of the variable A of the 

dried salted cod, the internal procedure of the 

company was used. 

First, the excess of salt from the surface of the 

fish was removed. On the next step, several 

transversal stripes were separated, including the 

skin and bones, with, 2 cm wide and separated in 

between by 4 cm. The first stripe was removed 

from within the anal fins of the cod and the last 

stripe was removed immediately under the 

pectoral fin of the cod.  The preparation of the 

sample consisted in grinding the fish stripes 

globally, putting them through a blender several 

times.[22]. 

3.7. Measurement of the Density of 

the Colour Grey 

The software ImageJ was used for the 

measurement of the density of the colour grey, an 

image processing and analysis program, 

developed by Wayne Rasband in the National 

Institute of Mental Health (NIMH).  

For this study, the following parameters were 

taken in consideration: full samples were used, 

only the superior part of the fish was 

photographed, the photographs were taken with 

the same equipment (Ipad with 8-megapixels 

camera), in the same location, with the same 

artificial light, on the same support (a white box 

with approximately 15cm), with the same distance 

between the equipment and the sample (aprox. 

80 cm) and saved in the same digital format 

(JPEG).    

Using the software ImageJ, the average value 

of the density of the colour grey was measured (in 

pixels/pixels2) within the selection to each image. 

For this study were used 97 photographs that 

correspond to images of fish with different times of 

maturation, types of washing and times of drying.   

The selection areas vary between 204103 pixels2 

(143 cm2) and 294103 pixels2 (206 cm2).  This 

discrepancy of sizes is due to different sized fishes 

[24], [25].  

4. Results and Discussion 

4.1. Main Study 

To infer the precision of the results, their 

repeatability was determined by the utilized 

equipment, by the same operator, for the 

determination of the variables A. It was evaluated 

by the study of the ratio of variation of a set of 

replicas, consecutively, for the same sample. 

Thus, this method is considered precise, since the 

repeatability didn’t exceed 0.2% [22]. 

The results obtained in the determination of the 

variable A are represented in Figure 4-1, Figure 

4-2 and Figure 4-3. 
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The obtained values of the average variable A 

vary between 42.8% e 54.6%, and the great 

majority is above the legal limit for the dried salted 

cod [22]. 

Analysing Figure 4-1(A) it’s possible to see that 

the majority of the analysed fish had a variable A 

higher than 51%, about 61.9% of the fish 

subjected to a sprinkle wash. Only 7.1% of the 

studied samples had a variable A under the legal 

limit, 47%. The remaining 31% are the samples 

with variables A between 47 and 51%. 

As for the effect of the drying time (Figure 

4-1(B)) globally, the results seem to be 

inconsistent, since the values of the variable A 

under 51% were obtained for the smaller period of 

drying time, 95h. The normal would be the longer 

the drying time, the lower the final variable A of the 

sample of the fish. This may happen due to the air 

saturation when the drying time exceeds 95h, 

possibly moistening the previously dried cod.  

As for the values of the variables A of the fish 

that was battered to remove the salt, represented 

in Figure 4-2(A), 44.1% had a variable A between 

47 and 51% and the remaining 55.9% had a 

variable A above 51%.  

Still on the analysis of Figure 4-2(B), it’s 

possible to see that the increase of the drying time 

didn’t result in a decrease of the final variable A of 

the dehydrated fish.  
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Figure 4-1 – The average values of the variable A calculated for the 
fish that was washed by sprinkling, for the cure times (A) and the 
drying times (B) for the conditions tested, where      it corresponds to 
1 month and 95 hours;    to 2 months and 100 hours and     to 3 
months and 105 hours.  
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Figure 4-2 - The average values of the variable A calculated for the 
fish that was beaten for salt removal, for the cure times (A) and the 
drying times (B) for the conditions tested, where     it corresponds to 
1 month and 95 hours;     to 2 months and 100 hours and    to 3 

months and 105 hours.  
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Figure 4-3 - The average values of the variable A calculated for the 
fish was immersed, for the cure times (A) and the drying times (B) for 
the conditions tested, where     it corresponds to 1 month and 95 
hours;      to 2 months and 100 hours and       to 3 months and 105 
hours.  
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In Figure 4-3(A) it’s possible to see the values 

of the variables A in comparison to the curing time 

(maturation). Only 7.3% of the studied samples 

had a variables A under 47%, 47.8% had a 

variable A between 47% and 51% and the 

remaining 44.9% had a variable A above 51%.  

As for the drying time for the immersion 

washing, (Figure 4-3(B)), it’s possible to see that 

there was no direct relation between the drying 

time and the variable A.  

It wasn’t possible to measure the level of salt of 

the studied samples, so 12 samples were selected 

to be sent to analysis in an independent 

laboratory. The obtained results for the salt levels 

are higher than 16%, with an average of 20.7%, 

and are, therefore, within the limits allowed by law 

[22]. 

The determination of the water activity is 

essential to its quality, preservation and lifetime. 

According to Boeri et al. [26], by extrapolation of 

isothermals, the water activity for the Gadus 

morhua cod, on temperatures between 20°C and 

23°C (Table 4-1), for the obtained variables A is 

higher than 0.75, value from which the microbial 

development becomes possible.  

The air velocity would be another important 

parameter to measure for a better comprehension 

of the obtained values; however, it wasn’t possible 

to measure this value (assumed 2 m/s).  

The high values of the variables A may be due 

to some variable that was not properly controlled 

during the process of production or that wasn’t 

counted in the study. Since there were no great 

alterations in the variables A when the time of 

drying and maturation was increased, the space 

between the fishes during drying may be a point to 

study in the future. The difficulty of 

homogenization of the samples may be another 

justification to the variation of the results, since the 

muscle of the fish is hardened due to the salting 

process. The weight and initial size of the fish (the 

thickness and area exposed to salt) and the 

fluctuations of moisture in the environment are 

variables related with each lot and that may initiate 

the difficult task of standardize the transformation 

process of the raw materials to produce dried 

salted cod.    

4.2. Additional Study 

 In the additional study we tried to understand 

the influence of the fish temperature when 

exposed to salt, after the skinning, and the 

temperature of the liquid brine, in the final variable 

A, using the three types of washing of the fish 

before the drying. 

The results obtained are shown in the Figure 

4-5 and Figure 4-5. In all the fish samples was 

established a variable A higher than the limit for 

the salted and dried cod. 

On Figure 4-5(A) it’s possible to see that the 

average variable A of the fish samples with 

temperatures to 5°C (49.3%) is very similar to the 

average variable A with temperatures above 5°C 

(50.0%). Therefore, it’s considered that the fish 

temperature has no relevance for its final variable 

A. Also, the temperature of the liquid brine as no 

implications in the final variable A, as we can see 

in Figure 4-5(B).  

 

 

 

 

 

 

 
Beginning Middle End 

Drying 
time (h) 

Temperature 
(°C) 

Ha (g/kg 
dry air) 

Temperature 
(°C) 

Ha (g/kg 
dry air) 

Temperature 
(°C) 

Ha (g/kg 
dry air) 

105 14.5 7.0 23.2 8.0 23.0 7.7 

90 16.2 7.7 16.0 6.9 22.4 7.6 

80 16.5 7.9 20.4 8.9 22.6 8.6 

110 18.4 9.3 21.9 10 21.0 10 

112 14.9 7.0 18.9 8.4 21.7 8.0 

103 16.5 7.3 19.1 8.8 22.1 8.1 

95 15.9 8.0 20.5 8.5 21.1 8.1 

95 16.3 8.5 18.7 8.7 21.1 8.1 

95 12.1 5.7 19.7 7.8 22.1 8.2 

95 16.5 7.4 15.6 6.3 21.7 8.1 

95 16.0 8.0 21.3 8.4 21.5 8.0 

100 16.0 8.0 21.3 8.4 21.9 8.2 

100 14.7 7.3 22.1 8.5 23.7 8.2 

105 14.7 7.3 22.1 8.5 22.8 7.3 

 

Table 4-1 – The values of the temperature and absolute moisture of the air removed at the beginning, middle and end of the drying. 

Each new row in the table (top to bottom) contains data from a subsequent drying operation (ascending order of date). 
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Still by the analysis of Figure 4-5 it’s possible to 

see the average values of the variable A for the 

sprinkle wash, about 50.0%, for the immersion 

washing, about 50.0%, and for the hitting cleaning, 

48.6%. Since the values have no significant 

difference, it’s not possible to assure which one of 

the three types of salt removal is the most 

adequate for the production process. 

By the analysis of Figure 4-5 we can conclude 

that the temperature of the refrigerating chamber 

during the maturation has no influence in the 

variable A of the fish.  

With the additional study, we can state that to 

obtain salted and dried cod with a lower variable 

A, 95 hours of drying time are necessary, the 

process of salt removal by hitting and one of the 

three times of maturation can be used (1,2 and 3 

months). 

The break of weight of the studied fish during 

the drying process was constant, with an average 

of 9%.  

4.3. Factorial Analysis 

In order to diagnose which one of the factors 

(parameters) has influence in the obtained results, 

a factorial analysis 33 was made, three factors 

(type of washing, curing time and drying time) at 

three levels of variation (-1,0 and 1), with a number 

of 27 trials.  

In Table 4-2 we can see the experimental 

conditions of study for the different controlled 

variables and the corresponding response, the 

variable A. Its value corresponds to the average of 

the averages of the 3 repetitions obtained, since 

there were several samples for the same 

condition. 

With resource to the factorial matrix (Table 4-2) 

and to equations present in Montgomery [27], 

three models of regression were built according to 

the Equation 4-1. The model 1 was represented 

by Equation 4-2, the model 2 by Equation 4-3 and, 

finally, the model 3 by Equation 4-4.  

𝑦 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + 𝛽3𝑥3 + 𝛽4𝑥4 + 𝛽5𝑥5 + 𝛽6𝑥6
+ 𝛽7𝑥7 + є 

Equation 4-1 

 

𝑦 = 51.70 + 1.12 × 𝐵 
Equation 4-2 

 

𝑦 = 51.71 + 1.13 × 𝐵 + 0.192 × 𝐵𝐶 
Equation 4-3 

 

𝑦 = 51.71 + 0.178 × 𝐴 + 1.13 × 𝐵 + 0.117 × 𝐶

+ 0.192 × 𝐵𝐶 
Equation 4-4 

 

 

 

A 

B 

Figure 4-5 – The average values of the variable A calculated for each 
container and the average fish temperatures at the beginning of the 
salting process (A) and the average values of the liquid brine (B), 
where the bars indicate the variable A ;     the fish temperatures and       
     the temperatures of the liquid brines. 
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Figure 4-5 - The average values of the variable A related to the 
curing time for the containers kept in the cooling chamber (A) and in 
the maturation room (B) for the conditions tested, where     it 
corresponds to 1 month of maturation;   to 2 months and   to 3 
months.  
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 A B C 
Variable A 

(%) 

1 -1 -1 -1 50.3 

2 -1 -1 0 50.7 

3 -1 -1 1 50.0 

4 -1 0 -1 49.5 

5 -1 0 0 53.4 

6 -1 0 1 53.4 

7 -1 1 -1 49.8 

8 -1 1 0 54.2 

9 -1 1 1 53.4 

10 0 -1 -1 50.3 

11 0 -1 0 50.5 

12 0 -1 1 49.7 

13 0 0 -1 52.7 

14 0 0 0 52.5 

15 0 0 1 51.5 

16 0 1 -1 53.7 

17 0 1 0 53.3 

18 0 1 1 50.7 

19 1 -1 -1 49.8 

20 1 -1 0 51.8 

21 1 -1 1 49.7 

22 1 0 -1 53.1 

23 1 0 0 53.1 

24 1 0 1 52.2 

25 1 1 -1 52.1 

26 1 1 0 53.3 

27 1 1 1 52.8 

 

The three models were optimised and it was 

possible to verify that all of them had a low relative 

error (12%) and an equal residual distribution 

(Figure 4-6 for the model 1).  

Thereby, it’s possible to conclude that the 

drying time (factor B) has more influence in the 

variable A of the salted and dried cod to the 

experimental conditions, since it is the factor with 

higher contribution.  

The Equation 4-2 represents the model that is 

the most applicable to the conditions of the study 

in question.  

These data confirm what was stated before: the 

best method is a drying time of 95 hours.  

Through the analysis of Figure 4-6 it’s possible 

to verify that the residuals are distributed 

randomly, and this substantiates the approval of 

the model presented in Equation 4-2. 

4.4. Density Measurement of the 

Colour Grey 

Finally, with the attempt to relate the density of 

the colour grey of the dried fish images with the 

variable A through the software ImageJ, it was 

possible to observe a tendency. The lower the 

variable A, the higher the value of the density of 

the colour grey, Figure 4-7.  

Through the analysis of the density values 

obtained, the probability of the sample having the 

variable A under 51%, when the density of the 

colour grey is higher than 180 pixels/pixels2 is 

88%, with a confidence interval between 183 and 

191 pixels/pixels2. In case the variable A is above 

51%, when the density of the colour grey is lower 

than 170 pixels/pixels2, the probability is 1 to the 

confidence interval between 156 and 161 

pixels/pixels2.  

5. Conclusions 

In an overall view of the values of the variable 

A obtained, it can be seen that these are, in the 

great majority, above the 47%, limit legislated in 

Decree-Law n°25/2005 of January 28th. 

From the additional study, it is concluded that 

the fish and liquid brine temperatures are not 

important parameters for the variable A of the final 

product, since there is no discrepancy between 

them. And, for a drying time of 95 hours, the type 

of salt removal by battering process is what gives 

a lower variable A, with an average of 48.6%. 

The type of washing to remove the excess salt 

of the fish's surface did not influence the variable 

A of the cod, since for the three types of washing 

Table 4-2 – Factorial matrix. 

. 

 

Figure 4-6 - Distribution of the residuals by model 1. 

Figure 4-7 – The values of the density of the grey colour, obtained in 

ImageJ, related to the variable A. 
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the results were 90% above the 47% allowed by 

law. 

Regarding the drying time, the results seem 

incongruous, since the values of the variable A 

below 51% were obtained for the lowest drying 

time. 

As regards curing time, there is no relationship 

between curing time and variable A, since there 

are differences in values of the variable A for the 

three curing times. 

By the factorial analysis, it was concluded that 

the operative parameter with the greatest 

influence on the variable A of dried salted cod is 

the drying time, with a relative error of 12%. 

Since the curing time and the type of washing 

have no influence on the variable A of the final 

product, the operating conditions with the lowest 

costs can be chosen. Thus, for the studied 

conditions, the processing conditions for obtaining 

lower variable A are: curing time of 1 month, type 

of wash by battering process and drying time of 95 

hours. 

6. Future prospects 

It seems to us important to continue studying 

dried salted cod, mainly focusing on the drying 

step. To do this, we have the following 

suggestions:  

• to study the variable A profile in different areas 

of the drying tunnel and cars; 

• increasing the interval of the drying time, for 

example, for intervals between 70 and 120 hours; 

• to study the variation of the drying rate during 

the drying cycle; 

• to select a reduced range of the conditions 

from factorial analysis and further study; 

• to study fish with a lower variable A and to 

check the trend of the grey values by the software 

ImageJ. 
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