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Abstract 

Karattaya (Hilsa kelee) is a marine pelagic species, mainly found in Indo-Pacific to 

the coast of East Africa. It is a seasonal fish species with a high catch during the 

season. But the demand is low due to its bony structure thus it is mainly used to produce 

fish meal. The objective of this study was to develop a simple and nontoxic method for 

extracting crude protein from H. kelee and determine the functional properties of the 

crude extract. Collected fish samples was blend and treat with 04 different ratios of 

sample: distilled water as 1:1, 1:2, 1:3 and 1:4. Salt extraction of samples were 

obtained by mixing the precipitates of water extraction with 5%, 10%, 15% and 20% 

(w/v) concentrated NaCl solutions at 1:10 ratio. Crude extraction was lyophilized and 

selected the best ratio and concentrate by using the yield and SDS-PAGE analysis. 

Antimicrobial, antioxidant and metal chelating properties of selected crude extract 

samples were determined. In yield analysis of water extraction, 1:4 ratio showed a 

higher yield in compared to others (p<0.05). In salt extraction, there was no any 

significant difference between yields (p>0.05), therefore 5% (w/v) ratio was selected 

as the best. Salt extracted Fish Protein Concentrates (FPC) had higher antioxidant 

activities (p<0.05).  FPC had negative response for the Fe2+ chelating activity and 

antimicrobial activity against E. coli and Total Plate Count (TPC). It concludes that 

extracted FPC contains strong antioxidant properties while they do not show Fe2+ 

chelating and antimicrobial properties. 

Keywords: Hilsa kelee, Fish Protein Concentrate, Protein extraction, Antioxidant 

property 

1. Introduction 

At present, the demand for fish and fish products have increased. Out of 171 million 

tons of global fish harvest, roughly 88% or more than 151 million tons were used for 

direct human consumption in 2016 (FAO, 2018). In commercial fisheries, between 

17.9 to 39.5 million tons (averaging 27 million tons) of fish were discarded annually 
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due to low market value (Davies et al., 2009). Fish products are an important source 

of animal protein for the population and they contribute to about 2% of GDP in Sri 

Lanka. About 67,300 tons of fish products (mostly dried and canned), worth US$ 

59.4 million were exported from Sri Lanka to other countries (FAO, 2019).  

Water, protein and lipids are the major components of fish muscle. Fish muscles 

contain about 78-80% of water, 18-22% of protein and 0.2-23.75% lipid (Venugopal 

and Shahidi, 1996). Proteins are classified into three categories based on skeletal 

muscle position and composition, which include sarcoplasmic, stroma, and 

myofibrillar proteins (Malva et al., 2018). Sarcoplasmic protein consists of 20-25% 

of the total fish protein and contains low molecular weight compounds such as 

albumin, myoglobin, hemoglobin and enzymes (Venugopal and Shahidi, 1996). 

Stroma protein consists of about 1.3% of the total protein and contains collagen and 

elastin (Belitz et al., 2009). Myofibrillar proteins are the main component of the 

skeletal muscle, which accounts about 50% of the total proteins, and are primarily 

made up of myosin and actin, which are involved in muscle contraction (Malva et 

al., 2018). 

Fish and seafood products have high amount of valuable proteins (Sargent, 1997). In 

addition, these proteins are rich in several peptides such as carnosine (ß-

alanylhistidine) and anserine (ß-alanyl-1-methylhistidine) (Wu et al., 2003) and also 

essential amino acids such as methionine and lysine which are easily digestible 

(Sarvenaz and Sabine, 2017; Tacon and Metian, 2013). Several studies (Dyerberg, 

1985; Calder, 2004; Rudkowska et al., 2010; Lund, 2013) have shown strong link 

between fish and seafood consumption and positive health effects in particular with 

reduced risk of coronary heart disease and cardiovascular disease, reduced 

inflammatory diseases, arthritis, and cancer prevention (Sarvenaz and Sabine, 2017). 

Hilsa kelee, is a marine, pelagic species. But when entering in to the estuarine it gains 

ability to tolerate quite low salinities (Eter, 1983). They are clupeid which occurs 

mainly in tropical coastal water and is locally called as “karattaya” (Rathnasuriya, et 

al., 2018). It is a seasonal fish species and has a high catch during April to September 

and low catch during October to December. Geographical distribution of Hilsa kelee 

ranges from Indo-Pacific to the coasts of East Africa (Panhwar et al., 2012). 

Estimated global catch of Hilsa kelee in 2006 was about 200 tons. Its standard length 

is 24.4 cm but it usually grows up to 15 cm to 18 cm (FAO, 2019). Demand for Hilsa 

kelee is low due to its bony structure and sharp tough bones which make it hard to 

eat (Revolvy, 2019). So, it has very low market price. Due to its low market demand, 

wastage is high during the season which also cause for the environmental pollution. 

Because of these reasons Hilsa kelee is used to produce fish meal. Further, there are 

only few researches carried out on this fish species. This fish species can be 

effectively use to produce fish protein concentrate (FPC) and generates high profit 

for the industry. Furthermore, by making fish protein concentrate, it can reduce the 
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environmental pollution which happens due to the wastage generate by excessive 

amount of fishes catch during the season. 

FPC already extracted using several solvent extraction methods by various fish 

species (Akhade et al., 2016). Whole fish of fish waste is usually used to produce 

FPC (Ramakrishnan et al., 2013). FPC extraction processes are used to turn 

underutilized fish into more acceptable and valuable forms. FPC can be used as 

protein supplement to increase nutritive value of food (Cordova-Murueta et al., 

2007). Research has shown that adding FPC to human diets has positive effect for 

kids and pregnant woman (FAO, 2016). Therefore, the objective of this research is 

to develop a simple nontoxic method for extract crude protein from H. kelee fish and 

to determine the functional properties of the crude extract.  

2.  Materials and Methods 

2.1 Sample Collection and Sample Preparation   

The experimental animal of the study was Hilsa kelee adults with average body 

length ranging from 15 cm to 18 cm. Fish were purchased from the coastal of manner, 

Sri Lanka. Whole fish were transported to Uva Wellassa University General 

Laboratory under freezing condition at -4℃, in a Styrofoam box with ice. Samples 

were packed to minimize the physical damages while transporting. All fish samples 

were washed properly and stored at -20℃ in a refrigerator until it used for the 

experiment. Proximate analysis of the fish was carried out according to the AOAC 

(2016) manual focusing on the Crude Protein, Crude fat and Ash content. 

2.2 Extraction of Water-Soluble Protein from Hilsa kelee Fish 

The collected fish were cut into small pieces and blended by using a blender (Model: 

HL1643/04, India). Then blended samples were taken and mixed with water in four 

different ratios (1:1, 1:2, 1:3 and 1:4) in triplicates. Then, samples were stored 

overnight at 4 ̊C in refrigerator and centrifuged at 3000 rpm at 4°C for 20 minutes by 

using a centrifuge (Model: ST 40R Thermo Fisher Scientific, Germany). Finally, 

supernatant was separated and precipitants were stored in refrigerator for further 

experiments. The supernatant was lyophilized by using a freeze dryer (Model: 

FD5512iLShinBioBase Co. Ltd., Korea) and measured the final weights of the 

samples. The best ratio of the extraction was determined by using yield analysis. 

 

Yield % = 
Final weight of lyophilized sample

Initial weight of fish sample
 X 100 1 
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2.3 Salt Soluble Protein extraction from Hilsa kelee Fish 

Predetermined ratio of the water extraction was used to extract proteins. 40 g of the 

samples were used in three replicates. Each precipitate, which obtained from three 

replicates of the sample was divided in to four equal mass groups. Then weighed 

amounts of the precipitates were mixed in 5%, 10%, 15% and 20% (v/w) 

concentrated NaCl (Daejung chemicals and metals co. Ltd, Korea) solutions and 

incubated for overnight at 4°C in refrigerator. Then incubated salt extractions were 

centrifuged at 3000 rpm, 4°C for 20 minutes by using the centrifuge (Model: ST 40R 

Thermo Fisher Scientific, Germany). The supernatant was carefully separated from 

precipitate and supernatant was transferred to a dialysis tube and salt was removed 

using dialysis. After that samples were lyophilized by using a freeze dryer (Model: 

FD5512iLShinBioBase Co. Ltd., Korea) and final weights were taken. The best salt 

concentration of the extraction was determined by using yield analysis of samples. 

Yield %= 
Final weight of lyophilized sample

Initial weight of fish sample
 X 100 2 

2.4 Analysis of Functional Properties of the Crude Extracts 

2.4.1 Anti-Oxidative Properties 

2.4.1.1 Thiobarbituric Acid Reactive Substance (TBARs) Assay 

TBAR assay was conducted using method described by Abeyrathne et al. (2014) 

with some modifications. Oil in water emulsion was prepared by homogenizing 1 g 

of corn oil and 100 µl of Tween-20 (Research lab fine chem industries, India)) with 

100 ml of distilled water for 2 minutes in an ice bath using a homogenizer at 

maximum power. 8 mlof oil emulsion, 1 ml of distilled water and 1 mlof crude 

protein sample was mixed to prepare the sample for lipid oxidation assay and it was 

incubated at 37°C for 16 hours in a water bath (Model: YCW-010E). After the 

incubation period, 1 ml of the sample was transferred to a 15 ml Falcon tube which 

contained 2 ml of TBA/Trichloroacetic acid (Sigma-Aldrich, USA) solution and 50 

µl of 10% butylated hydroxy anisole (Sigma-Aldrich, USA) in 90% ethanol (Sigma-

Aldrich, USA). Then mixture was mixed well using a vortex mixture (Model: ZX3, 

VELP Scientifics) and it was incubated at 90°C in a water bath (Model: YCW-010E) 

for 15 minutes to enhance the colour. Sample was cooled in an ice bath for 10 

minutes. Then sample was centrifuged at 3000 x g for 15 minutes at 5°C by using 

centrifuge (Model: sorvall ST 40R, Thermofisher Scientific, Germany). After the 

centrifugation, absorbance of the supernatant was measured at 532 nm wave length 

against a blank using UV spectrophotometer (Model: Spectrophotometer UV-2005). 

Blank was prepared with 1 ml of distilled water and 2 ml of TBA/TCA solution. The 

amount of TBAR was expressed as milligrams of malondialdehyde per litter of the 

emulsion. 
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2.4.1.2 DPPH Scavenging Assay 

The DPPH scavenging activity of fish protein concentrate was conducted according 

to the method described in Jiang et al. (2014) with some modifications. Fish protein 

concentrate (0.5 ml) was added to 0.5 ml of DPPH solution which was prepared by 

dissolving 0.1 mM in methanol (Sigma-Aldrich, USA). Then mixture was shaken 

thoroughly and incubated at room temperature at 30°C for 30 minutes in dark 

environment. Absorbance was determined at 518 nm using UV-Spectrophotometer 

(Model: Spectrophotometer UV-2005). The scavenging effect was expressed as; 

Scavenging activity of DPPH % = 1 - [
As- A1

A0

]  X 100 3 

Where, 

As - absorbance of the sample 

A0 - absorbance of the control of the DPPH-methanol solution 

A1 - absorbance of the sample added to methanol 

2.4.2 Metal Chelation Properties 

2.4.2.1 Fe (II) Chelating Activity 

Fe2+ chelating activity was analyzed using the method described in Abeyrathne et 

al., (2014) with slight modifications. Fish protein concentrate (100 µl), 0.9 ml of 

distilled water and 1 ml of 10 mg/kg Fe2+ were mixed well by using vortex mixer 

(Model: ZX3, VELP Scientifica) in a 15 ml falcon tube and incubated for 5 minutes 

at room temperature. 11.3% (w/v) TCA was added to the mixture and after that 

centrifuged at 2500 x g for 10 minutes at 5°C by using centrifuge (Model: sorvall ST 

40R, Thermofisher Scientific, Germany) to remove the precipitant.  Then 1 ml of 

supernatant was transferred to a culture tube and 1 ml of distilled water, 800 µl of 

10% ammonium acetate (HiMedia laboratories pvt. Ltd) and 200 µl of ferroin colour 

indicator (Daejung chemicals and metals co. Ltd, Korea) were added to the culture 

tube and mixed using the vortex mixer (Model: ZX3, VELP Scientifica). Again, it 

was incubated at room temperature for 5 minutes. The absorbance was measured at 

562 nm. The Fe+2 chelating activity were expressed as; 

Fe2+ chelating activity % = 1- (
Sample absorbance

Blank absorbance
) X 100 4 

2.4.3 Antibacterial Property 

Antibacterial properties were analyzed according to agar well diffusion method 

(Bendjeddou et al., 2016). First, Xylose lysine deoxycholate (XLD) and Eosin 

methylene blue (EMB) agar and plate count agar media were prepared and then 

autoclaved and allowed to solidified. After that lo isolated Salmonella, Escherichia 



 
Abeyrathne et al.               

50 

 

coli and plate count species were inoculated respectively on the media.  Then plates 

were incubated at 37°C for 48 hours. After that Fish protein concentrate samples 

were prepared (20,000 ppm, 10,000 ppm, 5,000 ppm, 2,500 ppm, 1250 ppm, and 625 

ppm). Finally, inhibition was measured using the cultured plates with different 

concentrations after 48 hours of incubation at 37°C. Augmentin® was used as the 

positive control and distilled water as negative control in the study. 

2.5 Statistical analysis 

Data were analyzed using Minitab 17 version. Functional properties of FPC were 

analyzed using one-way ANOVA in CRD (Completely Randomized Design) with 

three replicates for each sample. Mean comparison was calculated using Microsoft 

Excel 2013 version. 

3.Results and Discussion 

3.1 Proximate Analysis of Hilsa Kelee Fish 

Table 1: Proximate composition of Hilsa kelee fish. 

 Figure are mean values ± standard deviations 

Fishes are major source of high-quality protein, fish occupies an importance place in 

human nutrition (Nargis, 2006). According to the previous studies fish protein 

composition was 18- 22% (Vanugopal and Shahidi, 1996) which varies depending 

on fish species. Hilsa kelee fish protein content (Table 1) is similar to the previous 

studies. Normally fish containing 0.20-23.75% of fat content (Vanugopal and 

Shahidi, 1996). Fish species of genus Clupeidae shows wide range of lipid content. 

According to the result, Hilsa kelle has 10.18± 0.80% fat content. Therefore H. kelee 

can be considered as a fatty fish. Ash is the measure of mineral content of any food 

including fish (Omotosho et al., 2011). The concentration of trace elements and 

minerals that contribute for the total ash contents are known to vary in fish depends 

on their environment, behavior of feeding, and ecosystem. In previous study genus 

Clupeidea, ash content varies from 2.1-4.9% (Vijayakumar et al., 2014). The ash 

content results of the present study of H. kelee were 5.07 ± 0.92%. Hilsa kelee’s bony 

structure may be reason for high value of ash content compared to the previous 

studies. Moisture content has reported earlier by Gopakumar, (1997). 

 

Constituent Amount (%) 

Crude protein 20.38 ± 2.38 

Crude fat 10.18 ± 0.80 

Ash 5.07. ± 0.92 
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3.2 Fish Protein Concentrate Extracted from Hilsa kelee 

In present study, Yield of fish protein concentrate (FPC) extracted from Hilsa kelee 

by using two different extractions (water soluble extraction method and salt soluble 

extraction method) were compared. 

3.2.1 Yield Analysis of Water-Soluble Protein Extraction  

Water soluble protein extraction of the Hilsa kelee was conducted using four 

different dilution series with water as 1:1,1:2,1:3 and 1:4 ratio and to select the best 

and most cost-effective ratio for further experimentation. According to the result 

obtain from one-way ANOVA and tukey comparisons, it showed that there was a 

significant deference (p<0.05) between four extracted samples (Figure1). The yield 

increased with increasing sample: water ratio. The bonds between water molecule 

and water-soluble protein of fish sample increased, while increases the sample: water 

ratio (Ediriweera et al., 2017). Therefore, more proteins can extract with lower ratios. 

The highest water-soluble protein yield was recorded from 1: 4 (sample: water ratio) 

treated sample. Therefore, it was selected as suitable sample: water ratio for further 

experiment. 

Figure 1: Yield analysis of water-soluble protein extracted from Hilsa kelee 

 

3.2.2 SDS- PAGE Analysis of Water-Soluble Protein Extraction  

SDS- PAGE gel patterns of water-soluble crude protein which were extracted from 

Hilsa kelee was analyzed by using 15% SDS-PAGE. According to SDS-PAGE 

analysis of water-soluble protein samples all four-sample had low molecular 

weight, and all of them have same band pattern. Several studies carried about SDS-

PAGE analysis of more fish species however no any record data with Hilsa kelee. 

All band patterns were same because the same type of protein remaining in Hilsa 

kelee had been extracted from water in all four ratios (Plate 1). Therefore, select 

the suitable ratio (sample: water ration) of further experiment without considering 
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the SDS-PAGE analysis. Hence, considering yield analysis 1:4 ratio was selected 

for further analysis. 

 

 

 

 

 

 

 

 

 

 

Lane 1- Marker; Lane 2- 1: 1; Lane 3- 1:2; Lane 4- 1:3; Lane 5- 1:4 

Plate 1: 15% SDS PAGE profile of water-soluble protein extraction in different ratios of 

fish sample and water. 

3.2.3 Yield Analysis of Salt Soluble Protein Extraction 

Myofibrillar protein commonly called as salt soluble protein (Tahergorabi  et al., 

2011). Salt soluble protein extraction of samples were obtained by mixing the 

precipitates of water extraction with 5%, 10%, 15% and 20% (w/v) concentrated 

NaCl at 1:10 ratio. Crude extraction was lyophilized and selected the best salt 

concentrate for further experimentation. The yield decreased with increasing NaCl 

concentration and it showed that there was no any significant difference (p>0.05) 

among the four treatments (Figure 2). It demonstrated that yield does not change 

with increasing or decreasing of NaCl Concentration. Hence, the lowest 

concentration of NaCl helped to reduce the cost of extraction and it does not 

consume a lot of time. Therefore 5% (w/v) ratio was selected as the best sample for 

further experiment by yield analysis. Salt soluble protein extraction’s yield depends 

on several factors such as homogenization time, salt concentration, species and 

muscle (Lan et al., 1993). 
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Figure 2: Yield analysis of Salt soluble protein extracted from Hilsa kelee  

3.3 Analysis of Functional Properties 

3.3.1 Anti-Oxidative Properties 

3.3.1.1 TBARs Assay  

The TBARs assay is well-recognized, established method for lipid peroxide 

calculation (Hyun et al., 2014). Also, TBARs assay is widely applied in scientific 

researches to quantify the level of oxidation by mean of measuring 

malondialdehyde (Oakes and Van Der Kraak, 2003). In TBARs assay 

malondialdehyde is a secondary end product of lipid peroxidation and react with 

thiobarbituric acid (TBA) and form a pink pigment (Bulut et al., 2007).  All the 

samples were bright pink colour, and pure corn oil was with light pink colour at the 

end of the chemical reactions of TBARs assay. According to the result obtained 

from one-way ANOVA and Tukey Pairwise comparisons, it showed that there was 

a significant deference (p<0.05) between treatments (Figure 3). However, salt 

soluble protein had low malondialdehyde concentration compared to the water 

extraction. 
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Figure 3: Graphical representation of results obtained for TBARS assay  

3.3.1.2 DPPH Radical Scavenging Activity Assay 

Free radical-scavenging is a primary mechanism by which antioxidants inhibit 

oxidative processes. The DPPH radical scavenging assay is a widely used method 

for evaluating the ability of hydrolysates to scavenge free radicals generated from 

DPPH reagent. The DPPH is a stable free radical which contains a free electron in 

one of the atoms in its nitrogen bridge (Kedare et al., 2011). When DPPH radical 

encounters a proton-donating substrate such as an antioxidant, the radical is 

scavenged and the absorbance is reduced (Rajapakse et al., 2005). Due to this 

reaction a colour change is occurred and this colour change is measured by 

spectrophotometer. Fish protein concentrate produced according to protocol and 

Ascorbic acid exhibited positive response for DPPH scavenging assay. According 

to the result obtain from one-way ANOVA and Tukey pairwise comparisons, it 

showed that there was a significant deference (p<0.05) between treatments (Figure 

4). In present study DPPH radical scavenging activity was measured for the crude 

proteins which were extracted from water and salt extraction methods. 

However, considering extracted samples none of them showed significantly high 

antioxidant properties compared with the ascorbic acid. But when consider the 

result of salt soluble extracted sample and water-soluble extracted sample, it shows 

that Hilsa kelee have good antioxidant property. The values obtained for DPPH 

scavenging activity of fish protein concentrates in water extract was 76% and in 

salt extract it was 86.63%. However, salt soluble protein showed highest DPPH 

radical scavenging activity compared to water soluble protein. 
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Figure 4: DPPH Radical scavenging activity of water soluble extracted and salt soluble 

extracted crude proteins compare with the ascorbic acid as the positive control 

3.4 Metal Chelation Properties 

3.4.1 Fe (II) Chelating Activity 

Ferrous ion (Fe2+) is the most powerful pro-oxidant among metal ions (Ktari et al., 

2012). In a fenton reaction, this ion can interact with hydrogen peroxide to create 

the reactive oxygen species and the hydroxyl- free radical (OH), leading to the 

initiation and/or acceleration of lipid oxidation (Stohs and Bagchi, 1995). Metal 

chelating activity is used to determine the chelating ability of hydrolysates to 

chelate the metals such as iron, copper and cobalt. These transition metals, which 

are normally present in the food, increases the auto oxidation and breakdown hydro 

46 peroxides. By donating an electron, transition metal reacts with peroxides to 

form alkoxyl radical (Gallegos-Tintoré et al., 2011). Therefore, the chelating 

properties included in the hydrolysates will retard the oxidative activities taken 

place mainly in food products. According to the results obtained from this study, 

both samples did not show any metal chelating property (data not shown). Instead 

of that both samples showed metal releasing properties. When considering the both 

samples there was a significant difference between two treatments (p<0.05). Salt 

extracted sample had a high metal releasing property than water extracted sample. 

3.5 Antimicrobial Properties 

3.5.1 Antimicrobial Activity against E. coli sp. and TPC Bacteria   

Food spoilage is a major problem in food production. The effects of food spoilage 

are caused by microorganisms. Preservatives are used to prevent food spoilage. So, 

we can use dietary protein as preservatives because it helps to improve the 

consumer’s health. Antimicrobial peptide plays key role in native immunity by 

interacting with bacteria and killing them (Zhang et al., 2008). Researches have 
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reported that almost all fish antimicrobial peptides have function against several 

gram (+) or gram (-) strains (Su, 2011). In this study antimicrobial analysis was 

conducted using the agar well diffusion method.  Locally isolated E. coli and TPC 

bacteria were used to determine the antimicrobial property. After incubating for 

48h under optimum conditions diameter of inhibition zones were measured. 

According to the results, both extracted fish protein samples did not show any 

antimicrobial property against the E. coli and TPC bacteria. Therefore, it is better 

to produce fish protein hydrolysate from the extracted fish protein concentrate to 

check the antimicrobial properties. 

4. Conclusions 

Best yield of water extraction was gained through 1:4 ratio and best yield of salt 

extraction was gained through addition of 5% (w/v) salt. Extracted crude fish 

protein concentrates (FPC) contains strong antioxidant properties however, 

demonstrated an Iron releasing activity. Also, FPC produced using Hilsa kelee did 

not showed any Antimicrobial Properties. 
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