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Abstract: The study was designed to investigate the effect of both the duration of storage and treatments (lemon, mustrard 

and garlic) methods on minerals (Ca, P, Fe, Mn, Cu, Mg and Zn) value of smoked hilsa in six selected regions (Chandpur, 

Barisal, Patuakhali, Bhola, Shariatpur and Cox’s Bazar). Minerals (Ca, P, Fe, Mn, Cu, Mg and Zn) composition was increased 

by treatments but gradually decreased variedly with duration of storage smoked hilsa. The calcium (Ca), phosphorus (P), iron 

(Fe), manganese (Mn), copper (Cu) magnesium (Mg) and zinc (Zn) were found 910.55±11.79 to 853.57±11.09 mg/100g,
 

228.53±4.37
 
to 83.60±8.75 mg/100g,

 
12.45±0.97

 
to 7.07±1.85 mg/100g, 21.58±0.48

 
to 7.89±0.75 mg/100g,

 
3.15±0.16

 
to 

0.90±0.05 mg/100g,
 
60.54±10.66

 
to 36.31±1.85 mg/100g and 2.97±0.10

 
to 0.92±0.02

 
mg/100g respectively. Generally, the 

minerals reduced more in the first month of storage. The results suggest that storage period to be a negative effect on the 

minearls values of smoked hilsa. Hence, smoked hilsa should be consumed while fresh and if it is to be stored, the period must 

be as short as possible to provide optimal levels of minerals. 
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1. Introduction 

Minerals are essential nutrients, they are components of 

many enzymes and metabolism, and contribute also to the 

growth of the fish [1]. Minerals such as iron (Fe), copper 

(Cu) and manganese (Mn) are essential and play important 

roles in biological systems [2]. Fish is very rich sources of 

various mineral components. The total content of minerals in 

raw flesh of marine fish and invertebrates is in the range of 

0.6–1.5% of wet weight [3]. However, variation in mineral 

composition of fish can occur due to seasonal and biological 

differences (species, size, dark/white muscle, age, sex and 

sexual maturity), area of catch, processing method, food 

source and environmental conditions (water chemistry, 

salinity, temperature and contaminant) [4-6]. Fish energy 

depots in the forms of lipids that are indicate the quality of 

fish. The fish oil contain high amount of polyunsaturated 

fatty acid that reduce the serum cholesterol to prevent a 

number of coronary heart diseases. Fish meat is also a rich 

source of minerals and the most abundant micro-elements are 

iron (Fe) and copper (Cu) [7]. These minerals are generally 

higher in marine fish than in fresh water fish [8]. 

The hilsa (Tenualosa ilisha) of the subfamily Alosinae, 

family Clupeidae, order Clupeiformes, is one of the most 

important tropical fishes of the Indo-Pacific region and has 

occupied a top position among the edible fishes owing to its 

taste, flavor and culinary properties. Hilsa is locally called 

Ilish and the fish has been designated as the national fish of 

Bangladesh. Hilsa is one of the commercially important 
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anadromous fish high in fat and hailed as ‘macher raja-ilish’ 

in Bangladesh. Among the available fish resources, it is 

preferred and regarded as a blessing for their incredible 

flavor, taste and delicacy. Although Bangladeshi people 

consume hilsa because of its abundance, they have a little 

knowledge on the nutritional values of hilsa. This study was 

therefore undertaken to create a base line data on the mineral 

composition of the smoked hilsa during different storage 

condition. 

2. Materials and Methods 

2.1. Collection of Fish 

The experimental hilsa fish was collected from six selected 

regions (Chandpur, Barisal, Patuakhali, Bhola, Shariatpur 

and Cox’s Bazar) of Bangladesh. The fish samples were 

transported to the laboratory in sterile polythene bags to 

avoid any type of microbial contamination. 

2.2. Smoking Procedure 

The hilsa samples were killed, gutted and washed 

thoroughly with clean water and were laid on the racks of the 

smoking kiln (model: ELC 1600). Heat was generated by the 

burning of charcoal from logs of wood and smoking of the 

samples was carried out at 60-70°C for 12 hours. After 

smoking, the products were packed in polythene bags to 

reduce pest/microbial infestation and kept in the refrigerator 

(Hajer Thermocool) at 1-5°C for 60 days. 

2.3. Mineral Elements Analysis 

The preparation of samples for mineral elements analysis 

followed a method described by AOAC [9]. Approximately 5 

g of sample was weighed into acid-washed crucible and dried 

in oven 105
0
C for one day. Dried samples were then digested 

in furnace oven at 550
0
C overnight. The ash was digested in 

5ml of 65% nitric acid (HNO3) by boiling for about two 

minutes and cooling to room temperature. The cooled 

solution was filtered through Whatman filter paper (No. 41) 

and made up to 25 ml with 65% nitric acid [9]. A 10 ml were 

transferred into 15 ml polypropylene test tube for injection 

into inductively-coupled plasma-optical emission 

spectrometer (ICP-OES) (Perkin Elmer, USA). Samples were 

then analyzed for its micro minerals content calcium (Ca), 

phosphorus (P), iron (Fe), manganese (Mn), copper (Cu), 

magnesium (Mg) and Zinc (Zn). Sample blank (65% nitric 

acid) was analysed together with each batch of samples. 

 

2.4. Data Analyses 

After experiment, data were sorted, edited and encoded. 

All the collected data were summarized, scrutinized; 

tabulated and carefully subjected to the descriptive analyses 

using the computer software MS Word, Microsoft Office 

Excel 2007 and XL-stat version 16 for DMRT to understand 

the differences of the variables. 

3. Results and Discussion 

The minerals content of the smoked hilsa was gradually 

decreased during the storage period (Table 1-7). The ranged 

of calcium content lemon, mustard and garlic treatments 

smoked hilsa were found 930.11±9.42 to 867.22±11.04, 

954.29±5.32
 

to 886.56±11.04
 

and 990.18±8.31
 

to 

895.29±19.53 mg/100g respectively in storage condition. 

Similarly the phosphorus (247.19±8.342
 

to 89.70±6.54, 

277.15±5.42
 
to 120.96±3.28 and

 
290.87±5.48

 
to 155.30±4.38 

mg/100g), iron (12.50±0.97
 

to7.19±0.09,
 

12.65±0.98
 

to7.46±0.48
 

and
 

12.80±0.09
 

to7.77±0.48 mg/100g), 

manganese (17.71±0.83
 

to 8.54±0.16,
 

19.56±0.85
 

to 

8.56±0.79
 
and

 
14.40±0.67

 
to 8.87±0.64 mg/100g), copper 

(2.22±0.17
 

to 1.09±0.08,
 

2.20±0.05
 

to 1.21±0.03
 

and
 

2.66±0.32
 
to 0.92±0.18 mg/100g), magnesium (62.92±5.50

 
to 

41.95±6.87, 63.90±1.84
 
to 44.65±4.53

 
and 64.82±5.45

 
to 

46.87±1.97 mg/100g) and zinc (3.92±0.14 to 1.11±0.09, 

2.77±0.19 to 1.23±0.23 and 2.90±0.01
 

to 0.93±0.19 

mg/100g) value of smoked hilsa were slowly decreased in 

storage condition. The variations recorded in the 

concentration of minerals in the hilsa fish is generally 

expected because of potential variations in the rate with 

which they are available in the water body and the ability to 

absorb these inorganic elements [10]. It was also observed 

that reduction was greater in the first month of storage. This 

can be attributed to high microbial activities on the fish 

during the first month of storage due to the organisms that 

are naturally found on the fresh fish [10]. After the fish is 

stored for some time, the microbial activity reduces as their 

activity is lowered by temperature and some of these 

microbes die with increasing duration of storage [11]. 

Variations recorded in the values of calcium could be either 

due to their diet selection or an increase in the proportion of 

bone to flesh as the fishes grows [12]. Although some 

previous studies [7] reported higher levels of calcium in 

some fish species, the results of the present study seem to 

disagree with their findings. This can be attributed to the 

differences in treatments (lemon, mustard and garlic), size, 

weight and storage period of the smoked hilsa. 

Table 1. Calcium content (mg/100g) in smoked hilsa during storage period. 

Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

Control 

0 (fresh) 910.55±11.79e 881.39±6.94e 909.50±11.32e 884.26±8.28e 908.23±13.52e 870.72±6.84e 

15 904.43±10.76d 876.64±7.39d 894.58±17.83d 877.93±9.36d 897.53±17.53d 89.32±13.42d 

30 899.05±9.74c 871.13±9.88c 877.94±5.38c 871.64±10.38c 888.94±12.95c 865.82±7.13c 

45 892.14±18.29b 867.43±10.43b 865.23±9.27b 861.56±7.32b 871.63±8.54b 856.52±9.41b 

60 885.22±8.53a 863.95±3.79a 857.69±9.32a 853.57±11.09a 859.90±9.17a 848.29±8.59a 

Lemon 0 (fresh) 930.11±9.42e 900.57±17.52e 924.75±5.37e 905.33±17.53e 921.50±8.32e 898.53±15.32e 
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Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

15 924.42±8.54d 893.23±15.09d 918.94±7.42d 899.67±19.49d 917.43±11.72d 888.88±13.92d 

30 919.65±17.43c 886.54±8.42c 912.32±17.48c 893.45±21.03c 909.21±12.69c 879.53±17.09c 

45 914.67±18.53b 877.98±15.48b 899.90±15.48b 890.89±7.38b 893.54±7.93b 873.56±4.70b 

60 910.46±15.42a 873.80±11.98a 892.77±19.63a 888.25±9.32a 888.47±7.38a 867.22±11.04a 

Mustard 

0 (fresh) 944.93±10.64e 918.13±3.98e 954.29±5.32e 920.99±8.39e 935.98±9.36e 907.24±15.82e 

15 939.76±13.58d 910.57±11.79d 946.53±15.69d 914.09±5.48d 929.45±11.94d 904.43±17.32d 

30 933.87±12.86c 897.45±8.53c 935.87±3.79c 908.34±6.52c 923.16±16.49c 897.43±16.41c 

45 927.84±5.89b 891.76±8.27b 926.76±16.83b 903.45±7.39b 911.56±13.21b 890.45±10.27b 

60 920.57±9.42a 887.70±7.48a 918.52±7.42a 899.52±10.03a 900.24±7.92a 886.56±11.04a 

Garlic 

0 (fresh) 965.53±17.43e 990.18±8.31e 957.12±4.38e 940.18±5.93e 962.67±5.11e 918.51±19.03e 

15 957.62±19.73d 983.65±12.11d 953.45±7.48d 932.91±7.49d 953.56±5.99d 911.45±23.92d 

30 951.80±11.94c 970.07±5.31c 948.98±10.04c 921.63±23.34c 947.21±7.52c 904.78±18.54c 

45 943.87±6.04b 957.98±3.84b 935.43±6.38b 911.67±11.73b 938.92±5.18b 901.23±10.49b 

60 933.40±13.29a 945.73±16.42a 925.81±8.52a 904.70±7.32a 930.25±10.21a 895.29±19.53a 

*The values in the same column having similar superscripts do not differ significantly (p<0.05) 

Table 2. Phosphorus content (mg/100g) in smoked hilsa during storage period. 

Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

Control 

0 (fresh) 130.56±5.87e 228.53±4.37e 164.67±5.98e 209.02±4.87e 114.95±6.37e 118.25±5.87e 

15 126.56±5.73d 223.56±5.94d 154.84±4.38d 204.56±5.38d 103.46±5.05d 113.37±5.09d 

30 115.76±8.63c 216.49±6.43c 143.98±6.32c 197.65±2.84c 94.43±4.86c 105.87±7.98c 

45 105.67±9.37b 208.45±7.32b 134.76±5.46b 189.76±7.93b 89.09±9.63b 97.88±5.47b 

60 100.95±7.85a 202.05±8.52a 124.11±5.19a 182.13±6.39a 83.60±8.75a 94.29±6.78a 

Lemon 

0 (fresh) 164.67±9.34e 247.19±8.342e 180.91±3.86e 221.25±8.42e 116.90±4.67e 133.90±4.63e 

15 156.49±11.73d 237.81±8.50d 173.82±2.85d 216.38±7.49d 111.45±10.42d 129.63±4.97d 

30 147.82±6.39c 226.45±10.32c 167.54±3.19c 209.76±7.33c 104.35±4.38c 124.34±8.95c 

45 137.84±3.49b 219.63±6.47b 156.45±9.53b 199.70±4.58b 98.46±8.59b 117.45±2.09b 

60 129.80±7.62a 213.20±8.43a 143.83±6.18a 194.07±3.84a 89.70±6.54a 107.55±7.68a 

Mustard 

0 (fresh) 179.08±7.52e 277.15±5.42e 175.65±5.29e 240.98±7.13e 157.36±7.40e 162.55±6.54e 

15 171.23±8.22d 267.64±3.94d 167.34±4.94d 233.87±5.80d 154.37±9.53d 155.39±6.43d 

30 156.45±4.39c 256.45±11.05c 149.65±9.49c 229.56±10.93c 149.57±10.47c 145.76±4.43c 

45 145.98±2.06b 246.73±6.38b 135.67±7.16b 223.76±6.28b 143.67±5.32b 139.34±10.09b 

60 138.91±7.93a 231.92±2.74a 120.96±3.28a 215.14±4.82a 138.07±7.68a 133.97±10.44a 

Garlic 

0 (fresh) 200.55±2.99e 290.87±5.48e 190.43±10.74e 262.59±4.94e 179.89±4.98e 193.11±4.35e 

15 189.54±4.83d 284.78±2.96d 182.65±3.85d 257.45±3.84d 170.98±5.97d 189.62±6.87d 

30 177.46±3.95c 279.45±5.93c 173.67±5.98c 249.76±8.52c 166.56±7.47c 184.36±8.97c 

45 169.87±6.83b 271.56±4.68b 169.62±8.75b 244.66±1.05b 162.48±6.53b 179.47±4.79b 

60 163.15±2.94a 266.51±3.83a 162.90±10.26a 240.15±3.64a 155.30±4.38a 175.11±9.80a 

*The values in the same column having similar superscripts do not differ significantly (p<0.05) 

We can also attribute the variations to the differences in 

the feeding behaviour. This observation was supported by the 

findings of [13] which showed that such variations in 

concentrations of these mineral elements of smoked hilsa was 

due to the chemical forms of the elements and their 

concentrations in the local environment. The result again do 

agree with the findings of [14] who observed that there was a 

slight change with respect to frozen period in fish minerals 

evaluated. This could be attributed to drip loss and 

dehydration that is associated with frozen storage [15]. In 

contrast to previous studies which only found a slight change 

in minerals, the changes in minerals composition were 

stronger in the present study. The small differences can be 

attributed to the short period of storage which was one month 

in the previous studies while the present study had the fish 

stored for two months. Generally, our findings seem to 

suggest that freezing also has a negative effect on the 

nutritional values of smoked hilsa. The reduction can be 

likened to the negative effects of freezing and storage period 

which including freezer burn, product dehydration, rancidity, 

drip loss and product bleaching which can have an overall 

negative effect on the quality of the frozen foods [16]. 

Table 3. Iron content (mg/100g) in smoked hilsa during storage period. 

Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

Control 

0 (fresh) 7.36±1.87e 12.45±0.97e 10.75±1.13e 8.91±2.09e 7.77±0.58e 7.53±1.64e 

15 7.28±1.25d 11.43±0.58d 10.49±1.07d 7.785±0.96d 7.71±0.74d 7.39±0.68d 

30 7.16±0.86c 11.42±0.74c 10.24±0.64c 7.46±0.64c 7.66±0.59c 7.11±0.84c 

45 7.11±0.47b 11.41±0.86b 9.99±0.37b 7.34±0.64b 7.58±0.83b 6.98±0.78b 

60 7.07±1.85a 11.40±0.53a 9.87±0.62a 7.12±0.54a 7.50±0.76a 6.84±0.63a 

Lemon 

0 (fresh) 7.97±0.54e 12.50±0.97e 10.57±1.68e 10.21±0.73e 8.06±0.95e 7.79±0.13e 

15 7.88±0.73d 11.49±0.36d 10.45±0.96d 10.16±0.63d 7.89±0.93d 7.65±0.65d 

30 7.67±0.56c 11.47±0.62c 10.23±1.48c 10.09±1.96c 7.56±0.84c 7.35±0.73c 

45 7.45±0.75b 11.46±0.73b 10.10±0.85b 9.99±0.53b 7.36±0.73b 7.11±0.89b 
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Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

60 7.20±0.72a 11.45±0.95a 9.96±0.97a 9.91±0.08a 7.19±0.09a 6.94±0.93a 

Mustard 

0 (fresh) 8.20±0.37e 12.65±0.98e 10.79±0.74e 10.89±0.67e 8.68±0.73e 9.29±0.79e 

15 7.96±0.17d 12.49±1.09d 10.67±0.97d 10.59±0.84d 8.37±0.87d 9.01±0.62d 

30 7.77±0.87c 12.23±0.93c 10.45±1.06c 10.23±0.47c 7.95±0.42c 8.77±0.59c 

45 7.67±1.07b 11.98±1.03b 10.19±1.09b 9.87±1.52b 7.88±0.52b 8.46±1.63b 

60 7.46±0.48a 11.80±0.78a 10.09±0.86a 9.64±0.87a 7.60±0.52a 8.28±0.84a 

Garlic 

0 (fresh) 8.42±0.73e 12.80±0.09e 10.85±0.54e 11.67±1.36e 9.06±0.73e 9.45±0.63e 

15 8.34±0.28d 12.67±0.13d 10.77±0.38d 11.02±0.63d 8.88±0.48d 9.14±0.73d 

30 8.18±0.54c 12.35±0.34c 10.57±0.94c 10.47±0.36c 8.67±0.63c 8.93±0.98c 

45 7.94±0.96b 12.11±0.54b 10.34±0.38b 9.95±0.37b 8.45±0.68b 8.64±0.85b 

60 7.77±0.48a 11.95±0.57a 10.11±0.63a 9.75±0.72a 8.28±0.14a 8.35±1.75a 

*The values in the same column having similar superscripts do not differ significantly (p<0.05) 

Table 4. Manganese content (mg/100g) in smoked hilsa during storage period. 

Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

Control 

0 (fresh) 10.70±2.87e 10.95±0.68e 21.58±0.48e 20.97±1.94e 10.96±0.87e 13.41±0.69e 

15 10.36±0.98d 10.06±0.75d 20.88±0.97d 20.13±0.78d 10.23±0.58d 12.87±0.48d 

30 8.99±0.96c 9.35±0.85c 19.03±0.86c 19.32±0.94c 9.67±0.96c 11.54±0.63c 

45 8.35±1.85b 8.92±0.86b 18.37±0.64b 18.56±0.75b 8.79±0.79b 10.78±0.76b 

60 7.89±0.75a 8.21±0.25a 17.80±0.38a 17.67±0.27a 8.02±0.48a 10.32±0.98a 

Lemon 

0 (fresh) 13.33±0.94e 10.71±0.63e 17.71±0.83e 12.80±0.42e 11.88±0.46e 11.51±0.48e 

15 12.59±0.58d 10.32±0.47d 17.13±0.28d 11.65±0.53d 11.33±0.47d 11.03±0.84d 

30 11.65±0.95c 9.86±0.64c 16.79±1.75c 10.23±0.35c 10.48±0.74c 10.49±0.85c 

45 9.32±0.74b 9.43±0.75b 16.32±0.74b 9.02±0.49b 9.78±0.69b 9.45±0.73b 

60 8.78±0.26a 8.54±0.16a 15.62±1.96a 8.54±0.38a 9.04±0.85a 8.97±0.63a 

Mustard 

0 (fresh) 12.37±0.75e 11.95±0.53e 13.53±0.97e 19.56±0.85e 12.68±0.94e 11.83±0.68e 

15 11.68±0.83d 11.11±0.68d 12.68±0.36d 19.04±0.76d 12.09±0.57d 10.54±0.34d 

30 10.69±0.68c 10.58±0.63c 11.76±0.95c 18.79±0.86c 11.58±0.48c 9.74±0.47c 

45 9.87±0.85b 10.34±0.75b 10.98±0.48b 18.09±1.11b 10.89±0.43b 9.03±1.76b 

60 9.23±0.94a 9.99±0.36a 10.43±0.96a 17.84±0.64a 10.43±0.73a 8.56±0.79a 

Garlic 

0 (fresh) 11.76±0.95e 11.46±0.53e 12.92±0.97e 14.40±0.67e 12.51±0.59e 12.79±0.64e 

15 10.36±0.97d 10.97±0.98d 12.32±0.56d 14.13±2.67d 12.05±0.58d 11.76±0.57d 

30 9.94±0.98c 10.52±0.56c 11.45±0.58c 13.87±0.84c 11.93±1.43c 10.98±0.54c 

45 9.34±1.56b 10.34±0.38b 10.23±0.33b 12.45±0.67b 11.67±0.76b 10.57±0.4b 

60 8.87±0.64a 10.01±0.97a 9.87±0.47a 11.23±0.46a 11.06±0.15a 10.22±0.87a 

*The values in the same column having similar superscripts do not differ significantly (p<0.05) 

Table 5. Copper content (mg/100g) in smoked hilsa during storage period. 

Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

Control 

0 (fresh) 1.68±0.11e 1.69±0.14e 1.91±0.05e 1.85±0.16e 1.63±0.17e 3.15±0.16e 

15 1.63±0.12d 1.51±0.14d 1.67±0.15d 1.78±0.15d 1.57±0.33d 3.02±0.15d 

30 1.54±0.13c 1.34±0.21c 1.48±0.17c 1.56±0.05c 1.32±0.26c 2.87±0.09c 

45 1.34±0.09b 1.12±0.09b 1.32±0.21b 1.34±0.09b 1.11±0.06b 2.56±0.12b 

60 1.21±0.06a 0.98±0.14a 1.04±0.24a 1.16±0.03a 0.90±0.05a 2.13±0.21a 

Lemon 

0 (fresh) 1.72±0.13e 1.92±0.13e 1.58±0.08e 2.22±0.17e 1.79±0.19e 2.15±0.12e 

15 1.65±0.12d 1.78±0.06d 1.49±0.15d 2.19±0.16d 1.66±0.28d 1.95±0.04d 

30 1.53±0.09c 1.53±0.05c 1.43±0.21c 2.11±0.07c 1.56±0.05c 1.67±0.11c 

45 1.46±0.05b 1.45±0.17b 1.21±0.18b 1.83±0.05b 1.34±0.38b 1.56±0.12b 

60 1.32±0.07a 1.23±0.23a 1.09±0.08a 1.71±0.02a 1.29±0.18a 1.44±0.31a 

Mustard 

0 (fresh) 1.74±0.04e 2.20±0.05e 2.03±0.07e 1.73±0.17e 1.74±0.11e 1.88±0.09e 

15 1.64±0.06d 1.97±0.13d 1.92±0.15d 1.58±0.23d 1.64±0.07d 1.69±0.15d 

30 1.56±0.08c 1.87±0.15c 1.89±0.09c 1.44±0.19c 1.51±0.05c 1.57±0.17c 

45 1.36±0.13b 1.76±0.13b 1.77±0.14b 1.37±0.05b 1.37±0.16b 1.44±0.04b 

60 1.26±0.14a 1.56±0.09a 1.67±0.04a 1.22±0.06a 1.23±0.287a 1.21±0.03a 

Garlic 

0 (fresh) 1.64±0.15e 2.13±0.06e 2.66±0.32e 1.28±0.12e 1.73±0.03e 1.93±0.21e 

15 1.57±0.21d 2.07±0.14d 2.55±0.06d 1.19±0.19d 1.66±0.17d 1.81±0.13d 

30 1.46±0.14c 2.02±0.16c 2.39±0.14c 1.13±0.20c 1.54±0.06c 1.67±0.18c 

45 1.26±0.06b 1.99±0.21b 2.29±0.19b 1.02±0.04b 1.44±0.30b 1.56±0.17b 

60 1.18±0.18a 1.87±0.08a 2.02±0.05a 0.92±0.18a 1.35±0.07a 1.41±0.04a 

*The values in the same column having similar superscripts do not differ significantly (p<0.05) 
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Table 6. Magnesium content (mg/100g) in smoked hilsa during storage period. 

Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

Control 

0 (fresh) 57.59±4.87e 52.81±2.76e 58.22±6.54e 45.10±0.98e 60.54±10.66e 48.19±1.09e 

15 53.98±9.78d 50.25±4.68d 54.37±8.76d 43.25±0.78d 55.48±13.46d 47.42±6.57d 

30 51.34±8.45c 47.17±5.98c 48.38±5.64c 41.42±0.65c 49.72±0.98c 46.42±4.43c 

45 48.47±6.63b 45.23±6.98b 46.35±3.67b 39.45±4.87b 45.78±1.76b 43.48±8.34b 

60 46.34±9.29a 43.37±7.47a 42.43±5.32a 36.31±1.85a 41.98±4.87a 40.98±9.87a 

Lemon 

0 (fresh) 61.22±0.74e 55.88±3.58e 61.95±7.65e 48.23±9.58e 62.92±5.50e 51.63±3.52e 

15 60.47±9.53d 54.13±9.54d 59.87±4.98d 47.14±5.32d 61.34±4.35d 50.55±7.43d 

30 59.31±4.87c 53.75±7.58c 58.32±8.75c 46.72±2.76c 60.15±7.65c 49.32±8.09c 

45 58.39±10.05b 52.79±3.70b 56.48±2.08b 43.21±2.79b 58.32±4.35b 47.52±2.98b 

60 57.23±0.63a 51.24±5.79a 54.71±2.16a 41.95±6.87a 56.83±4.43a 46.23±7.57a 

Mustard 

0 (fresh) 63.90±8.89e 63.90±1.84e 63.08±5.43e 50.85±4.09e 63.59±6.54e 54.77±8.09e 

15 61.46±3.79d 62.15±2.74d 62.34±8.76d 49.32±8.97d 61.89±6.43d 52.67±9.76d 

30 60.32±2.96c 58.92±6.57c 60.87±6.75c 47.31±6.54c 59.07±1.25c 51.56±11.87c 

45 59.62±4.89b 55.47±9.84b 59.43±7.64b 45.63±7.65b 57.85±2.63b 50.76±5.76b 

60 57.89±6.47a 53.56±8.47a 56.86±6.53a 44.65±4.53a 56.47±4.87a 48.72±3.98a 

Garlic 

0 (fresh) 64.10±9.05e 64.10±6.53e 64.82±5.45e 51.30±2.76e 63.95±1.67e 55.10±2.76e 

15 63.77±7.95d 63.43±2.76d 63.21±3.09d 49.99±4.98d 63.24±3.65d 53.99±2.76d 

30 62.76±3.24c 61.11±3.87c 61.56±9.06c 48.95±7.53c 62.86±6.98c 52.78±2.09c 

45 60.12±1.86b 60.13±5.66b 60.78±10.87b 47.67±2.65b 62.31±2.47b 51.91±7.65b 

60 58.51±2.65a 58.95±1.68a 59.74±12.76a 46.87±1.97a 61.61±5.43a 51.65±1.98a 

*The values in the same column having similar superscripts do not differ significantly (p<0.05) 

Table 7. Zinc content (mg/100g) in smoked hilsa during storage period. 

Treatments Days Chandpur Barisal Patuakhali Bhola Shariatpur Cox’s Bazar 

Control 

0 (fresh) 2.69±0.12e 2.70±0.16e 2.92±0.09e 2.86±0.13e 2.64±0.13e 2.97±0.10e 

15 1.64±0.13d 1.52±0.11d 1.68±0.11d 1.79±0.11d 1.58±0.31d 2.93±0.11d 

30 1.55±0.14c 1.37±0.23c 1.49±0.14c 1.55±0.02c 1.38±0.28c 2.89±0.04c 

45 1.34±0.07b 1.12±0.01b 1.32±0.22b 1.34±0.03b 1.11±0.05b 2.56±0.11b 

60 1.23±0.05a 0.99±0.13a 1.05±0.21a 1.17±0.09a 0.92±0.02a 2.17±0.23a 

Lemon 

0 (fresh) 3.72±0.11e 3.92±0.14e 3.58±0.09e 3.22±0.12e 3.79±0.11e 3.15±0.09e 

15 1.67±0.14d 1.79±0.06d 1.48±0.13d 2.18±0.11d 1.68±0.26d 1.93±0.03d 

30 1.53±0.07c 1.53±0.03c 1.43±0.24c 2.11±0.08c 1.56±0.02c 1.67±0.10c 

45 1.43±0.09b 1.47±0.13b 1.25±0.19b 1.87±0.06b 1.38±0.34b 1.57±0.17b 

60 1.33±0.03a 1.24±0.24a 1.11±0.09a 1.73±0.03a 1.26±0.13a 1.44±0.21a 

Mustard 

0 (fresh) 2.76±0.06e 2.24±0.08e 2.06±0.05e 2.77±0.19e 2.75±0.12e 2.82±0.19e 

15 1.62±0.07d 1.95±0.13d 1.93±0.10d 1.83±0.21d 1.66±0.09d 1.64±0.25d 

30 1.57±0.09c 1.88±0.16c 1.90±0.04c 1.46±0.12c 1.53±0.03c 1.56±0.27c 

45 1.36±0.12b 1.76±0.12b 1.77±0.19b 1.37±0.09b 1.37±0.17b 1.44±0.14b 

60 1.28±0.11a 1.57±0.08a 1.68±0.03a 1.29±0.04a 1.23±0.23a 1.26±0.13a 

Garlic 

0 (fresh) 2.65±0.11e 2.16±0.09e 2.69±0.30e 2.29±0.11e 2.77±0.04e 2.90±0.01e 

15 1.57±0.22d 2.07±0.17d 2.55±0.03d 1.19±0.13d 1.66±0.18d 1.81±0.23d 

30 1.47±0.17c 2.06±0.19c 2.38±0.12c 1.15±0.22c 1.58±0.09c 1.69±0.08c 

45 1.26±0.05b 1.99±0.20b 2.29±0.14b 1.02±0.07b 1.44±0.31b 1.56±0.07b 

60 1.19±0.12a 1.88±0.07a 2.01±0.04a 0.93±0.19a 1.37±0.06a 1.46±0.14a 

*The values in the same column having similar superscripts do not differ significantly (p<0.05) 

4. Conclusion 

The results of the investigation shows that smoked hilsa is 

good sources of minerals apart from proteins which are the 

main nutrient associated with fish. It was observed that 

processing and storage significantly affected the minearls of 

smoked fish and their effect varied from regions to regions. It 

is right to suggest that, the mineral elemental compositions of 

smoked hilsa is a function of the availability of these 

elements in their local environment, diet absorptive 

capability as well as their preferential accumulation. 

Moreover, the study has also highlighted that the mineral 

composition of different regions of smoked hilsa may be 

affected differently by the methods of treatments, 

preservation and duration of storage. 
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