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Abstract 

A clear understanding on the difference between the biochemical and mineral-composition and bacterial-count of fresh and dry-

salted shol, taki and tengra fish products have been assessed by analyzing the changes in salt penetration rate and its effect on 

moisture content, fluid loss pattern in fish-muscles and percent weight loss of these fishes during 7 days of ripening period. After 

ripening-period, values of moisture (%) and pH were decreased whereas protein (%), fat (%), ash (%), salt (%), TVB-N, FFA (%) 

and mineral content (Ca, Mg, Fe, Cu, Zn, Mn) increased significantly in these three fishes. It was also observed that in 

comparison with the fresh fish, there was a decrease in total bacterial count which may be due to the presence of high salt 

concentration, so the pathogenic microorganism growth is controlled. Experimentally it has been proved that ripening period of 

dry-salting method have positive effects in these three fishes. 
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1. Introduction 

It is well accepted that fish are a good source of animal protein 

throughout the world. Fish flesh generally contains up to 80% 

moisture, 15-25% protein, 1-2% mineral matter [1]. The 

composition of a particular species often appears to vary from 

one habitat to another, and season to season, but the basic 

causes of change in composition are usually variation in the 

amount and quality of food it eats and in the amount of 

movement it makes [2]. In this research works it was considered 

three freshwater fish species viz; large size shol (Channa 

striatus) fish, medium size taki (Channa punctatus) fish, and 

small tengra (Mystus tengra) fish for dry-salting. The size 

variation of selected fish species for present experiments bears 

significant consideration. Rahman stated that, soft textured fish 

tend to absorb salt faster than tough or firm-textured fish [3]. He 

also stated that high fat content fish absorb salt slower than 

low-fat fish. The small indigenous species of fishes in 

Bangladesh are generally considered to be those which grow to 

a length of approximately 5-15 cm at maturity [4]. It is assumed 

that the size of fishes considered to be selected for preparing 

any processed product has got some significance on the quality 

of the product. Therefore, consideration of different fat content 

and different sizes of experimental fish species in this research 

work may be considered as justifiable. The initial quality of 

fresh fish material strongly influences subsequent performance 

in salting.  

Dry-salting process is considered as one of the oldest methods 

of fish preservation and this process is still been used in several 

places around the world. Dry-salting is generally aimed at 

reducing water activity (aw) to reduce, obstruct or destroy the 

growth of the microorganism as well as inactive autolytic 

enzymes, where at the end,  the fish meat goes its way to 

durability [5, 6]. The aim of dry-salting is not only to prolong the 

shell life of fresh fish but also to provide desirable sensorial 

changes [7, 8]. The role of salt is highly significant to guarantee 

the quality and stability of the finished products. The 

preservative action of salt lies in the reduction of water activity 

of a system thus renders a condition less favorable for the 

microbial life [9, 10]. Dry-salting process starts when the surface 

of fish goes in contact with salt and is completed when all the 

fish reach the appropriate salinity, taste, consistency and odor.  

During salting process, the changes in chemical and physico-

chemical characteristics takes place and in certain stage, the 

original characteristics of the fresh fish is found virtually 

absent. This stage is regarded as ‘salt ripening of fish’. 

According to Voskresensky these changes are induced by 

enzyme which breakdown both proteins and fats [11]. A series 

of complex biochemical processes including proteolysis, 

lipolysis and lipid oxidation takes place during ripening stage. 

The physical and chemical changes that occur during ripening, 

determine the overall sensory qualities of salted fish-products 
[12]. Borgstrom reported that salt ripening is the autolytic 

phenomena caused by the enzyme of the muscle or 

gastrointestinal tract [13]. During ripening changes induced by 

enzyme led to breakdown of proteins in tissue structures of 

muscle and the body organs of the fish. As a result some of the 

nitrogenous substances chiefly of low molecular weight diffuse 

from the fish into the salt brine. It is generally accepted that salt 

migration by diffusion plays an important role in the salting of 

fish.  

 

2. Materials and methods 

2.1 Collection of the fishes 

Three different sizes freshwater fish species; large size Shol 

(Channa striatus) fish, medium size taki (Channa punctatus) 

fish and small Tengra (Mystus tengra) fish had been collected 

from the river Meghna in the early hours of the day. 
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2.2 Handling of experimental fishes in laboratory 

Being air breathing fish, shol and taki fish were transported to 

the research laboratory in dram full with water. In case of 

tengra fish they were carried in clean, good quality sterile 

polythene bag with ice in order to keep the fish fresh and avoid 

any type of microbial contamination. 

 

2.3 Place of the experiment 

Biochemical analysis and Microbial analysis were carried out 

at the 'Fish Technology Section’ and ‘Food Microbiology 

Section’ of the Institute of Food Science and Technology 

(IFST) of Bangladesh Council of Scientific and Industrial 

Research (BCSIR), and from center for Advanced Research in 

Sciences (CARS) Dhaka, Bangladesh for Minerals. 

 

2.4 Preparation of fishes 

The fishes were carefully washed with cooled tap water.  

Scales, fins, gills and viscera were removed and again washed 

with tap water to remove blood, slime and unnecessary flesh. 

Due to the presence of hard shield like bony elements, bones 

and head of shol and taki are discarded as the waste. 

 

2.5 Sampling procedure 

About 6 or 7 slices of shol and taki fish was taken randomly 

which represented the parts from whole body of the fish and a 

few tengra fish species was taken. Then they were chopped 

with skin and finally ground with an electric blender to make a 

homogenous sample before being sampled for quality. In case 

of dry-salted fish-samples, salt crystals (if any) were removed 

from fish-samples by using tissue paper.  

 

2.6 Method of Dry-salting 

The fresh fishes were enrolled by dry commercial salt (NaCl) 

of about 30% by weight of the dressed fish (fish weight: salt 

weight 3:1), stacked in containers and stored for a salting or 

curing period, at room temperature. In this method, the 

extracted water of the fish due to salt action had been removed 

from the container. Thus the fishes are always allowed to 

remain in dry condition for the production of dry salt cured 

fish. 

 

2.7 Ripening period after dry-salting process 

According to Vokresensky the ripening of the fish was 

observed after 7 to 10 days of salting fish [11]. During salting 

process moisture content decreased and salt content increased 

considerably during the first 6 to 7 days. On the basis of the 

observation, the process of salting of fish can be divided into 

three stages. In the first stage, the fish was exposed to high 

osmotic pressure. At this stage, the active movement of salts 

towards inside the fish flesh accompanied by rapid diffusion of 

water from the fresh to outside salt solution took place which 

resulted a considerable decline in weight of the fish. This 

phenomenon is markedly evident in first day of salting. From 

the second day of salting, osmotic pressure believed to still 

exert influence although on a reduced scale and there was no 

great difference in the rate of salt moving into the fish or water 

leaving the fish. This process continued until 6 days of salting. 

This phenomenon is considered to be second stage of salting. 

Between 7-8 days, minor quantities of salt were found to move 

into the fish & movement of water almost ceased. In this 

period, the salt concentration of salt in the surrounding fish 

surface. This period could be considered third stage in which 

the meat of the fish became dense & has a salty taste and the 

odor & taste of the fresh fish ware disappeared.  

 

2.8 Parameters of quality assessment 

The analytical methods used in this experiment are given 

below:  

 The moisture, fat, ash and salt contents of the fishes were 

determined by AOAC method [14].  

 The crude protein of the fishes was determined by Micro-

Kjeldhal method as described by Pearson [15].   

 TVB-N was determined by Conway modified micro-

diffusion technique as described by Conway and Byrne [16].  

 FFA of the fishes were determined by AOAC method [17].  

 pH was determined using a pH meter [18].  

 Samples for mineral analysis were prepared according to 

recommendations of Perkin Elmer’s procedures of Atomic 

Absorption Spectrometer [19].  

 Bacteriological study (SPC and HBC) was done according 

to the standard methods of AOAC and FDA BAM [20, 21].  

 

2.9 Statistical analysis 

Data were analyzed by using SPSS for windows-20 statistical 

programme.  

 

3. Results & Discussion 

3.1 Changes in salt penetration rate and its effect on 

moisture content during ripening period in experimental 

fishes 

Changes in salt penetration rate and its effect on moisture 

content during ripening period in experimental fishes is 

presented in Table 1. 

 
Table 1: Changes in salt penetration rate and its effect on moisture content in dry salting process of three experimental fish species Shol, Taki and 

Tengra during 7 days of ripening period 
 

Days of  ripening period 
Dry salted Shol Dry salted Taki Dry salted Tengra 

Moisture (%) Salt (%) Moisture (%) Salt (%) Moisture (%) Salt (%) 

0* 77.03 0 78.65 0 74.27 0 

1 64.57 4.6 68.48 6.1 60.73 7.2 

2 54.15 8.4 56.39 10.3 54.23 10.9 

3 52.01 11.1 52.38 12.52 49.70 12.5 

4 51.40 13.6 50.00 13.16 45.68 14.08 

5 50.15 14.5 48.43 14.47 42.22 15.33 

6 49.00 15.11 47.90 15.35 41.81 16.60 

7 48.84 16.00 46.21 16.06 41.41 16.80 

*= Initial (Fresh fish) 
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The moisture content of dry-salted shol, taki and tengra fish 

was observed in 48.84%, 46.21% and 41.41%, respectively 

during ripening period of 7 days. On the other hand, salt 

content gradually increased in dry-salted shol, taki and tengra 

fish and was observed in 16.00, 16.06 and 16.80 respectively 

during ripening period of 7 days. Moisture content and salt 

percentage play an important role in the keeping quality of salt-

cured fish products [22]. During salting, the mass transfer occurs 

basically between salt and water: the fish-muscle takes up salt 

and loses water [23, 24]. Many workers agree that maximum salt 

uptake takes place within 6-7 days of salting without further 

uptake during subsequent storage [25, 26, 27]. Similar results also 

obtained in the present study where the fish contained 

maximum salt content in 7 days of dry-salting. The rates of 

water diffusion are positively correlated with increasing of salt 

concentration which is very important with regard to weight 

change and quality of the final product [28, 29]. 

 

3.2 Fluid loss pattern in fish muscles during ripening period 

From first day of dry-salting considerable amount of fluids 

started to be diffused from the fish flesh. From second day, the 

quantity of fluid loss decreased gradually until the loss of fluids 

ceased in 6-7 days. Ripening period ends when the salt 

concentration of fish tissue under osmotic diffusion becomes 

equal to the concentration of salt in the surrounding solution. 

After the salt concentration in the cellular fluid of various parts 

of the fish body reaches to 15-20%, the bound water (30-35%) 

is converted to ‘Free State’ [30, 31, 32]. The dry salting method 

produced considerable loss of water due to heavy uptake of salt 
[33]. Present result is more or less in agreement with those 

suggests that maximum water loss take place when salt 

concentration in the fish body approaches to about 15%. The 

decrease of moisture or loss of fluid in dry-salted fish products 

are simply a result of curing due to salt penetration in the fish 

tissue and in all the 3 cases salting resulting in the loss of 

moisture due to osmosis diffusion, the moment the fish surface 

came into contact with salt. Attempts were also made to 

quantify the amount of fluid that lost during ripening period 

which is presented in Figure 1. The fluid loss pattern showed a 

sharp decrease on first three days followed by a slow decrease 

of fluid up to 7 days of ripening period in dry-salted shol and 

taki fish whereas dry-salted tengra showed a sharp fall of fluid 

on the first two days followed by slower decreased up to 

ripening becomes completed. 

 

 
 

Fig 1: Fluid loss pattern during 7days of ripening period in dry-salted 

shol, taki and tengra fish products 

 

3.3 Percent weight loss of fishes during ripening period 

The comparative features of changing pattern of weight loss 

(%) of dry salted shol, taki and tengra fish during ripening 

period are shown in Figure 2. It is clear here that the weight of 

dry-salted fishes gradually decreased throughout the ripening 

period and this may occur due to maximum water was coming 

out from the fish flesh because of osmosis and diffusion. This 

type of weight loss was observed as reported by several 

researchers during salting of fish [34, 35, 32, 36, 37]. The relationship 

between changes in weight, salt and water contents is almost 

linear. From the figure it is shown that, significantly higher 

amount of weight loss observed in dry-salted taki fish whereas, 

the least percent weight loss was found in dry-salted tengra 

fish-products. 

 

 
 

Fig 2: Weight loss (%) of dry-salted shol, taki and tengra fish during 

ripening period 

 

3.4 Bio-chemical composition 

Bio-chemical composition of fresh and dry-salted shol, taki and 

tengra fish are shown in Table 2.  

Table 2: Mean bio-chemical composition of fresh and dry salted shol, taki and tengra fish 
 

Experimental fishes Moisture (%) Protein (%) Fat (%) Ash (%) Salt (%) TVB-N (mgN/100g) FFA (%) pH 

Fresh shol 77.03±0.12 19.52±0.07 1.93±0.07 1.44±0.11 - 4.41±0.01 0.6±0.06 6.9±0.06 

Dry-salted shol 48.84±0.06 28.21±0.01 3.99±0.01 18.98±0.01 16.00±0.05 5.25±0.01 1.5±0.15 6.3±0.10 

Fresh taki 78.65±0.07 16.89±0.10 2.50±0.06 1.36±0.11 - 3.43±0.02 0.5±0.10 7.0±0.06 

Dry-salted taki 46.21±0.04 23.58±0.01 3.93±0.01 26.37±0.02 16.06±0.06 4.18±0.00 1.9±0.15 6.5±0.06 

Fresh tengra 74.27±0.07 16.96±0.07 6.04±0.06 2.67±0.08 - 4.27±0.02 0.9±0.21 7.0±0.10 

Dry-salted tengra 41.41±0.04 22.05±0.01 10.65±0.03 26.15±0.04 16.80±0.03 3.90±0.02 2.8±0.21 6.0±0.11 

Values are shown as mean ± standard deviation of triplicate measurements 
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In present study, fresh and dry salted shol, taki and tengra fish-

products, moisture (%) content were 77.03±0.12 and 

48.84±0.06, 78.65±0.07 and 46.21±0.04%, 74.27±0.07 and 

41.41±0.04%; protein (%) content were 19.52±0.07 and 

28.21±0.01%, 16.89±0.10 and 23.58±0.01%, 16.96±0.07 and 

22.05±0.01%; fat (%) content were 1.93±0.07 and 3.99±0.01%, 

2.50±0.06 and 3.93±.01%, 6.04±0.06 and 10.65±0.03%; ash 

(%) content were 1.44±0.11 and 18.98±0.01%, 1.36±0.11 and 

26.37±0.02%, 2.67±0.08 and 26.15±0.04%; TVB-N content 

were 4.41±0.01 and 5.25±0.01, 3.43±0.02 and 4.18±0.00, 

4.27±0.02 and 3.90±0.02 mgN/100g of fish; FFA (%) value 

were 0.6±0.06 and 1.5±0.15 %, 0.5±0.1 and 1.9±0.15%, 

0.9±0.21 and 2.8±0.21%; pH value were 6.9±0.06 and  

6.3±0.10, 7.0±0.06 and 6.5±0.06, 7.0±0.10 and 6.0±0.11 

respectively. On the other hand, salt (%) content of dry-salted 

taki, shol and tengra fishes were 16.00±0.05, 16.06±0.06 and 

16.80±0.03% respectively. In comparison of fresh fish, the dry-

salting process resulted in a significant decrease in moisture 

(%) and pH value and a significant increase in protein, fat, ash, 

TVB-N and FFA value in dry-salted fish samples. This is 

consistent with the observations by Abraham-Olukayode et al. 
[38]. Nutritional components, such as protein, lipid, and ash, 

were increased due to the loss of water in fish muscle in the 

salting process [39, 23]. Significant increase in protein levels 

(p<0.05) in all salted fish-products when compared with the 

fresh fish, suggested that protein nitrogen was not lost during 

salting [40].  The higher value of total ash content in dry-salted 

fishes than fresh fishes were attributed to high salt content 

which added more ash components to the products. These 

results were in accordance with El-Bassir et al. [41]. The FFA 

(%) value recorded in this work is low and hence there is no 

fear of rancidity. This agrees with the work of Frazier and 

Westhoff [42]. The salting process caused a decrease in pH 

values in dry-salted fish samples. Goulas observed that pH 

values of mackerel (Scomber japonicus) decreased after salting 
[43]. After salting of Anchovies, salt content increased from 

0.32 to 19.3%, ash content increased from 1.6% to 21% and pH 

decreased from 6.13 to 5.72 which are in harmony with present 

findings [44]. 30% dry salted punti fish had salt content of 

24.21% and chapila fish had salt content of 25.11% 

respectively which is higher from present study [45]. 

 

3.5 Mineral contents 

The mineral composition of fresh and dry salted shol, taki and 

tengra fish-products are shown in Table 3. 

 

Table 3: Important mineral (mg/100g of fish) composition in fresh and dry-salted shol, taki and Tengra 
 

Experimental fishes 
Ca 

mg/100g 

Mg 

mg/100g 

Fe 

mg/100g 

Cu 

mg/100g 

Zn 

mg/100g 

Mn 

mg/100g 

Fresh shol 11.2 10.125 1.475 0.7 0.25 0.1 

Dry-salted shol 438.75 83.69 2.65 0.275 2.125 0.45 

Fresh taki 16.35 9.425 1.275 0.65 0.425 0.05 

Dry-salted taki 600 147.75 3.75 0.425 1.525 0.625 

Fresh tengra 22.025 11.4 2.25 0.55 1.275 0.125 

Dry-salted tengra 1250 520.5 4.3 0.435 2.175 0.65 

 

In case of fresh and dry salted shol, taki and tengra fish-

products, Ca (calcium) content were 11.2 and 438.75 mg/100g, 

16.35 and 600 mg/100g, 22.025 and 1250 mg/100g of fish; Mg 

(magnesium) content were 9.425 and 147.75 mg/100g, 10.125 

and 83.69 mg/100g, 11.4 and 520.5 mg/100g of fish; Fe (iron) 

content were 1.475 and 2.65 mg/100g, 1.275 and 3.75 

mg/100g, 2.25 and 4.3 mg/100g of fish; Cu (Cooper) content 

were 0.7 and 0.275 mg/100g,  0.65 and 0.425 mg/100g,  0.55 

and 0.435 mg/100g of fish; Zn (zinc) content were 0.25 and 

2.125 mg/100g, 0.425 and 1.525 mg/100g, 1.275 and 2.175 

mg/100g of fish and Mn (manganese) content were 0.1 and 

0.45 mg/100g,  0.05 and 0.625 mg/100g, 0.125 and 0.65 

mg/100g of fish respectively.  

From table 3 it is clear that dry-salting method raised the 

mineral composition of dry salted shol, taki and tengra fish 

products. There is very little information on mineral contents of 

salted fish-products. However, the present values are 

comparable with the results reported for some dry freshwater 

fish [46, 47]. According to Begum et al. freshly processed salted-

dried punti (Puintius sophore) fish have calcium (Ca) and Iron 

(Fe) was in a range of 320-330 mg/100g and 3.1-3.9mg/100g 

of fish respectively [48].  

 

3.6 Bacteriological study 

Standard plate count (SPC) (cfu/g) and halophilic bacterial 

count (HBC) (cfu/g) of fresh and dry-salted shol, taki and 

tengra fish-products are given in Table 4. The Standard plate 

count (SPC) in fresh shol, taki and tengra fish were recorded in 

2×105, 1.1×105 and 5×105 cfu/g and dry-salted shol, taki and 

tengra fish were 2.7×103, 4.0×103 and 5×105 whereas halophilic 

bacterial count of these three dry-salted fishes were 3.0×102, 

3.0×102 and 3.2 × 102 cfu/g respectively. According to 

Surendran the acceptable limit for bacterial count is 5×105 

cfu/g for fresh fish which is in accordance with present 

findings of these three fresh fishes [49]. On the other hand dry 

salted shol, taki and tengra fish-products also indicated an 

acceptable microbial load (<105 cfu/g-1) [50]. 

 
Table 4: Standard plate count (SPC) (cfu/g) and Halophilic bacterial 

count (HBC) (cfu/g) of fresh and dry salted shol, taki and tengra fish-

products 
 

Storage period (Month) SPC HBC 

Fresh shol 2×105 - 

Dry-salted shol 2.7×103 3.0×102 

Fresh taki 1.1×105 - 

Dry-salted taki 4.0×103 3.0×102 

Fresh tengra 5×105 - 

Dry-salted tengra 3.8 × 103 3.2 × 102 

 

From table 4 it was observed that in comparison with the fresh 

fish, there was a decrease in total bacterial count which may be 

due to the presence of high salt concentration, so the 

pathogenic microorganism growth is controlled. This result is 

in agreement with the findings of Abu Giddeire [51]. According 

to Abbas Bakhiet and Khogalie, salting process reduces total 

bacterial count of Hydrocynus spp fish and found that TVC of 
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fresh fish was 58.1× 103 and it reduces in freshly processed 

15%, 20% and 25% salted fish-products in 10.0×103, 7.8×103 

and 4×103 respectively which is in agreement with the present 

study [52]. When the water activity is considerably reduced, 

most microorganisms become inactive but haploidic 

microorganisms become the major causes of microbial spoilage 
[53]. The high salt concentration leaves only salt tolerant 

microorganisms to survive [6].  

 

4. Conclusions 

The present study reveals that ripening of dry-salting process 

have a positive significant role on the biochemical and mineral 

composition of three different sizes freshwater fishes; shol, taki 

and tengra and reduces bacterial load as well as makes them 

nutritionally suitable for all. This work has elucidated more on 

the importance of dry-salted freshwater fishes as good sources 

of protein and minerals and broadened our knowledge on the 

nutritional value of dry-salted fishes.  Commercial traders 

those who produce market dry-salted fishes in our country may 

be asked to follow the suggestions made over here on the basis 

of the findings of the present study. 
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