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Abstract. Unconventional processing of shrimp products, such as the production of shrimp protein 
hydrolysate (HPU), shrimp protein concentrate (KPU), and shrimp protein isolate (IPU) have not been 
used much. These processed products, therefore, have the potential to the ingredients for producing 
antioxidant bioactive peptide compounds. The purpose of the study is to determine the characteristics 
and antioxidant activity of the three products. The observation found that each of these products has 
different proximate composition characteristics. The chemical content of natural compounds (terpenoids, 
flavonoids, alkaloids, phenolics, and saponins) are mostly detected in HPU. The total profile weight of the 

protein is <10 KDa, with the results of the antioxidant activity test with IC50 is 0.20 mg/ml, and these 

results determine that the HPU rebon has the most potential to be used as an antioxidant compared to 
the KPU and IPU. 
Key Words: Antioxidant, hydrolysate, concentrate, isolate, non-conventional, rebon shrimp. 

 

 

Introduction. As one of the marine products, this type of shrimp is very small in size, 

and it is called "rebon" shrimp. It is cheaper than other types of shrimp and often 

categorized as marginal shrimp. However, the nutritional value of these shrimps is high, 

most notably, its high protein of 16.2%, fat 1.2%, 79% water, calcium 2.6%, and 

phosphorus 1%. The other distinctiveness of rebon shrimp is that it has different skin, 

and the body can be consumed (Suparmi et al. 2017). 

The utilization of rebon shrimp is currently still not fully developed because it is 

limited to conventional processing of the raw materials for shrimp paste, chopped, soy 

sauced, and some are processed into dried rebon shrimp. As for non-conventional 

processing, such as to produce hydrolysate protein, concentrate, and protein isolates 

have not been widely used. 

Unconventional processing of the rebon shrimp to produce protein hydrolysate, 

protein concentrate, and rebon shrimp protein isolate are alternative forms of materials. 

In addition to its high protein content, it can also work as an antioxidant. Rebon shrimp 

can be used, among others, to produce protein hydrolysate as a result and a source of 

bioactive peptides. According to Kadam and Prabhasankar (2010), peptide bioactive 

compounds are available in fish meat from various species. Fish can be the best source of 

bioactive peptide compounds. Also, the functional properties of fish protein structure can 

absorb and bind water, acts as protein gelation, fat binding, flavor binding, and peptides 

can also become an antioxidative (Venugopal 2010). This study aims to determine the 

characteristics and antioxidant activity of hydrolysate, concentrate, and isolates of rebon 

shrimp protein. 
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Material and Method 

Material. The materials of this research are rebon shrimp, papain enzyme, citric acid, 

while the materials used for analysis are saturated toluene solution, absolute alcohol p.a. 

luff schoorl, chemicals for protease and amino acids, NaOH, TCA, Phosphate buffer, Mix- 

lowry (Na2CO3, CuSO4, NaKtart), TBA reagents (tioburic acid), HCl, isobutanol, and 

ethanol. The tools used in this study are stainless steel blender, Yenaco YC-1180 model 

centrifuge, and tube, Roy Spectronic 21 D Milton and cuvette, pH meter, magnetic stirrer, 

vortex thermocline type 160, water bath, analytical balance, Gerhardt heater, spatula, 

distillation, biuret, and film bottles. 

Methods. This study used an experimental method by processing rebon shrimp into 

three types of products, namely protein hydrolysate (HPU), protein concentrate (KPU), 

and protein isolate (IPU). The parameters analyzed include the characteristics of natural 

compound substances, molecular weights using SDS-PAGE, and antioxidant activity tests. 

 

Production of protein hydrolysate (HPU) from Rebon shrimp [Suparmi et al. 

2017]. Producing rebon shrimp’s protein hydrolysate is performed through enzymatic 

hydrolysis reaction using the enzyme papain. The method of making the protein 

hydrolysate from rebon shrimp in this study follows the method of Suparmi et al. (2017) 

and Karnila (2012) with some modifications. Crushed shrimp are weighed around 300 

grams for each sample and put into an Erlenmeyer. Furthermore, 1:1 (w/v) of distilled 

water (aqua dest) are added and homogenized for 2 minutes using a stirrer. After 

homogenization, the pH of the mixture is adjusted to reach the optimum pH of the papain 

enzyme, which is pH 7.0 by adding 1 M NaOH solution or 1 M HCl solution. Subsequently, 

the papain enzyme with a concentration of 15% is added. 

The hydrolysis process is carried out at 60°C for 24 hours in an incubator. After 

the hydrolysis process is complete, the heating process is then performed using a water 

bath at 85°C for 15 minutes to activate the enzyme. After the completion of the 

hydrolysis process, it proceeds with the separation of the supernatant (liquid phase) and 

precipitate (residue) using centrifugation for 15 minutes. The supernatant obtained at 

this stage is the hydrolysate protein from the rebon shrimp. 

 

Protein Concentrate (KPU) Production from Rebon Shrimp [Dewita & Syahrul 

2014]. The production of Protein Concentrate from Rebon Shrimp is as follows: Fresh 

rebon shrimp is washed thoroughly with running water and continue by grinding the 

shrimp with a meat grinder (food processor) until the shrimp is smooth. Next, a salt with 

0.5 of the shrimp’s weight is added. The ground shrimp is then wrapped in a calico cloth 

and steamed for 40 minutes. After the steaming, the crushed fish meat is pressed, then 

adding a solution of 0.5 N NaHCO3 to gain isoelectric pH. After that, using isopropyl 

alcohol (1:3) (1 kg of rebon shrimp meat: 3 liters of isopropyl alcohol), it is extracted for 

10 hours, followed by pressing on the extracted crushed meat, then carry out drying at 

40-55°C for 24 hours in a dryer. After drying, it is mashed with a blender and sifted, and 

a concentrated shrimp protein is obtained. 

 

Processing of Protein Isolates (IPU) Rebon Shrimp [Karnila 2012]. Shrimp rebon 

is dried, and after that, grind to become flour. After rebon shrimp flour is obtained, citric 

acid is added progressively using a dropper pipette while stirring it with a magnetic 

stirrer and adjust the pH to 5, heated at 40°C for 30 minutes then centrifuge at 10,000 

rpm for 15 minutes. This process will produce a precipitate, which later will result in 

precipitant. The precipitant is dried in the oven for 15-20 hours. Rebon shrimp protein 

isolates are produced after this process is complete. 

 

Statistical analysis. In this study, a statistical analysis of the experimental results was 

carried out by applying a Completely Randomized Design (CRD). In practice, data were 

analyzed by applying a one-way analysis of variance (ANOVA) in SPSS software version 

22.0. 
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Results and Discussion 

Chemical characteristics of natural ingredients HPU, KPU, IPU Rebon (Acetes 

erythraeus). Results of the identification of the content of natural compounds from HPU, 

KPU, IPU rebon are terpenoids, flavonoids, alkaloid, phenolic, and saponins and 

presented in Table 1. 
 

Table 1 

Content of Natural Chemical Compounds HPU, KPU, IPU Shrimp Rebon 
 

Product 
Compound Protein Hydrolysate 

(HPU) 
Protein 

Concentrate (KPU) 
Protein Isolate 

(IPU) 
Terpenoid/Steroid +++ +++ +++ 

Flavonoid ++ + + 
Alkaloid +++ ++ ++ 

Phenolic ++++ +++ ++ 

Saponin + + + 

note. + =detected, - = undetected 

 

Table 1 shows that the content of HPU phenolic, flavonoid, and alkaloid compounds is 

stronger than the KPU and IPU, whereas terpenoid and saponin compounds were 

detected together with the three products, both HPU, KPU, and IPU. 

According to Sjahid (2008), Flavonoid compounds are good at reducing 

compounds, inhibiting many oxidation reactions, both enzymes and non-enzymes. Of all 

phenol compounds, flavonoids are the largest group. Flavonoids work as an antibacterial 

by forming complex compounds against extracellular proteins that interfere with the 

integrity of the bacterial cell membrane. Its mechanism of action works by denaturing 

bacterial cell proteins and damaging the cell membrane without being irreparable 

(Juliantina et al. 2009). Saponin compounds are complex glycoside compounds with high 

molecular weight produced mainly by plants. 

Based on its chemical structure, saponins are grouped into three main classes, 

such as the steroid class, the alkaloid steroid class, and the triterpenoid class. Typical 

characteristics of saponins include bitter taste and foam in water. The mechanism of 

triterpenoids as an antibacterial is by its reaction with porin (transmembrane protein) on 

the outer membrane of the bacterial cell wall. It forms strong polymeric bonds that 

damage the porin. Porin acts as the entrance and exit of the compound, which will reduce 

the permeability of the bacterial cell’s membrane and making it deficient in nutrients and 

inhibits bacteria from growing or even kill it (Rachmawati et al. 2011). The total content 

of flavonoid compounds and phenolic rebon shrimp products is available in Table 2. 
 

Table 2 

The total content of flavonoid compounds and phenolic Rebon shrimp products 
 

Compound (mg/g bk)  

 

 
 

 
Flavonoid and phenolic compounds (Table 2) in the protein hydrolysate of rebon shrimp 

are higher than other products. The recognition of these compounds allows the protein 

hydrolysate of the rebon shrimp to be used for functional flavor essential ingredients. 

According to Karadeniz et al. (2005), phenolic compounds have various biological effects 

such as antioxidant activity through the mechanism as a reducing agent, free radical 

scavenger, chelating metal, silencer formation of oxygen singlets and electron donors, as 

Product  Flavonoid Phenolic 
Protein Hydrolysate (HPU)  2.2356 4.2352 

Protein Concentrate (KPU)  1.7814 3.3810 

Protein Isolate (IPU)  1.6300 2.4495 
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well as flavonoid compounds which are one of the compounds that have the potential to 

capture free radicals. 

Table 2 shows that the HPU of rebon shrimp has the potential as an antioxidant 

due to its high flavonoid and phenolic content compared to other types of rebon shrimp 

products. According to Sayuti and Yenrina (2015), antioxidant components such as 

phenols and polyphenols (flavonoids) are natural antioxidant substances found in food. 
 

Molecular Weight Profile of HPU Protein, KPU, Rebon Shrimp IPU. Determination 

of protein molecular weight from hydrolysate, concentrate, and isolate of rebon shrimp 

protein (Acetes erythraeus) was carried out using the Sodium Dedocyl Sulphate 

Polyacrylamide Gel Electrophoresis (SDS-PAGE) method. The protein molecular weight 

profile of rebon shrimp products can be seen in Figure 1. 
 

 

Figure 1. Profile of molecular protein weight of rebon shrimp products. 

 

The measurement results show that rebon shrimp protein hydrolysates (HPU) have 

molecular weights ranging from 71.11 to 5.38 kDa <10 while protein concentrates (KPU) 

have molecular weights with molecular weights ranging from 71.30 kDa to 5.62 kDa < 

10. Meanwhile, the protein isolate (IPU) of rebon shrimp has molecular weights ranging 

from 71.19 kDa to 5.38 kDa <10. These results can prove that protein hydrolysate has a 

lower protein fraction compared to protein concentrates and isolates. The low protein 

fraction is assumed that the hydrolysate process uses the papain enzyme, which can 

break down the rebon shrimp protein fraction. Protein bands are formed because of the 

presence of small protein molecules that migrate more quickly through the pores of 

polyacrylamide gels compared to larger protein molecules. It may result in protein 

separation due to molecular weight. 

 

Antioxidant activities of HPU, KPU, IPU of Shrimp Rebon. The test of antioxidant 

activity was carried out by the DPPH (1,1-diphenyl-2-picrylhydrazil) method. Antioxidants 

are electron-giving compounds so that these compounds can counteract or reduce the 

adverse effects of oxidants. Antioxidants work by donating one electron to compounds 

that are oxidant, in certain levels able to inhibit or slow down the damage caused by the 

oxidation process. 

The parameter used to interpret the test results is the IC50 value, which is defined 

as the concentration of antioxidant compounds, which causes a 50% loss of DPPH 

activity. The results of the antioxidant activity test of rebon shrimp products are 

presented in Table 3. 

 
 

Table 3 
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Antioxidant Activity (IC50) Rebon Shrimp Products 

Product IC50 (mg/ml) 

 
Hydrolysate (HPU) 

Concentrate (KPU) 

(IPU) 

Founded on the results of the study, the value of IC50 protein hydrolysate is 0.20 mg/ml, 

protein concentrate is 0.45 mg/ml, and protein isolate is 0.35 mg/ml. This difference in 

antioxidant activity is due to the chemical components of rebon shrimp products in 

general, such as protein and different amino acid content. Rebon shrimp protein 

hydrolysate has a low IC50 value compared to other products. The lower the IC50 value, 

the higher the DPPH free radical deterrence activity of the product. 

Several factors influence the difference in anti-oxidant activity, 1) The composition 

of the structure and hydrophobicity of the amino acids making up the peptide (Li et al. 

2007); 2) Types of product hydrolyzing enzymes (Qian et al. 2008); 3) The size, 

sequence, and weight of peptide molecules (Wang et al. 2014); 4) High hydrophobic 

amino acid content in peptides can increase its solubility in fat, thereby increasing its 

antioxidant activity (Kim et al. 2001). 

The potential antioxidant activity of rebon shrimp protein hydrolysate is stronger 

when compared to other products. According to Torino et al. (2013), type of peptide 

formed during the process strongly influence the antioxidant activity in protein 

hydrolysate and also Wu et al. (2003) stated that the molecular weight and amino acid 

composition of peptides formed during hydrolysis greatly influence the antioxidant 

activity of protein hydrolysates. The same thing about the antioxidant activity of Indian 

mackerel (Rastrelliger kanagurta) fish protein hydrolysate obtained by Abdulazeez et al. 

(2014), that protein hydrolysate has a strong potential as an antioxidant to inhibit fat 

oxidation, and its strength is balanced with synthetic antioxidants such as BHT. 

Based on the amount of amino acid content, the processed product from rebon 

shrimp can be said to be bioactive, because according to Pihlanto-Leppala et al. (2000), 

bioactive peptides usually consist of 3-20 amino acids, and the bioactive activity of these 

peptides depends on their amino acid composition and composition. According to Kim and 

Kim (2007), peptides from marine organisms consist of enzymes hydrolyzed by marine 

proteins and have several physiological functions, among others, like antioxidants. 

According to Susanto and Fahmi (2012), marine biopeptides that function as antioxidants 

have great potential as a nutritional alternative. 

 

Conclusions. The results of the analysis of the characteristics of the chemical content of 

natural compounds, for example, terpenoids, flavonoids, alkaloids, phenolics, and 

saponins, were detected by criteria (++++) and the percentage of the flavonoid content 

of 2.2352 mg/g, phenolic of 4.2352 mg/g. Porphyry molecular weight <10 kDa, 

antioxidant activity of HPU with IC50 of 0.20 mg/ml. 
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Abstract. Unconventional processing of shrimp products, such as the production of shrimp protein 
hydrolysate (SPH), shrimp protein concentrate (SPC), and shrimp protein isolate (SPI) have not been 
widely studied or employed. These processed products, therefore, have the potential of becoming 
ingredients for producing antioxidant bioactive peptide compounds. The purpose of the study is to 
determine the characteristics and antioxidant activity of the three products. It was found that each of 
these products has different chemical composition characteristics. The chemical content of natural 
compounds (terpenoids, flavonoids, alkaloids, phenolics, and saponins) are mostly detected in SPH. The 
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Introduction. As a marine product, the Rebon shrimp (Acetes erythraeus) is very small 

in size. It is cheaper than other shrimps and often categorized as marginal shrimp. 

However, the nutritional value of this shrimp is high, with a crude protein content of 
16.2%, 1.3% crude fat, 79% water, 2.6% calcium, and 1% phosphorus. The other 

distinctiveness of Rebon shrimp is that it has different skin, and the body can be 

consumed (Suparmi et al 2017). 

The utilization of Rebon shrimp is still in development because it is limited to the 

conventional processing of raw materials for shrimp paste, chopped shrimp, or dried 

shrimp. Non-conventional processing, such as producing hydrolysate protein, protein 

concentrates, and protein isolates has not been widely used. 

Unconventional processing of the Rebon shrimp to produce protein hydrolysate, 

protein concentrate, and protein isolate is an alternative form of production. In addition 

to its high protein content, these products can also work as antioxidants. Rebon shrimp 

can be used to produce protein hydrolysate as a source of bioactive peptides, among 

others. According to Kadam & Prabhasankar (2010), peptide bioactive compounds are 

available in fish meat from various species. Fish can be the best source of bioactive 

peptide compounds. Also, the functional properties of fish protein structure can absorb 

and bind water, act in protein gelation, fat binding, flavor binding, and peptides can also 

become antioxidatives (Venugopal 2010). This study aims to determine the 

characteristics and antioxidant activity of hydrolysate, concentrate, and isolate from 

Rebon shrimp protein. 
 

Material and Method 

Material. The materials used in this research are Rebon shrimp, papain enzyme, citric 

acid, saturated toluene solution, absolute alcohol p. a., Luff Schoorl reagent, chemicals 

for protease and amino acid determination, NaOH, TCA, phosphate buffer, Lowry solution 

(Na2CO3, CuSO4, NaKtart), TBA reagent (tioburic acid), HCl, isobutanol, and ethanol. The 

the Material and Method section 
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tools used in this study are a stainless steel blender, a Yenaco YC-1180 model centrifuge, 

and tube, a Roy Spectronic 21 D Milton spectrophotometer and cuvette, pH meter, 

magnetic stirrer, vortex thermocline type 160, water bath, analytical balance, Gerhardt 

heater, spatula, distillation, biuret, and film bottles. 

Methods. This study used an experimental method by processing Rebon shrimp into 

three types of products, namely protein hydrolysate (SPH), protein concentrate (SPC), 

and protein isolate (SPI). The parameters analyzed include the characteristics of natural 

compound substances, molecular weights using SDS-PAGE, and antioxidant activity tests. 
 

Production of protein hydrolysate (SPH) from Rebon shrimp. Producing Rebon 

shrimp protein hydrolysate is performed through enzymatic hydrolysis reaction using the 

papain enzyme. The method of producing the protein hydrolysate from Rebon shrimp in 

this study follows the method of Suparmi et al (2017) and Karnila (2012), with some 

modifications. Crushed shrimp are weighed, and 300 g of sample and placed into an 

Erlenmeyer glass. 1:1 (w/v) of distilled water (Aqua Dest) is added and the mix is 

homogenized for 2 minutes using a stirrer. After homogenization, the pH of the mixture 

is adjusted to reach the optimum pH of the papain enzyme, which is pH 7, by adding 1 M 

NaOH solution or 1 M HCl solution. Subsequently, the papain enzyme with a 

concentration of 15% is added. 

The hydrolysis process is carried out at 60°C for 24 hours in an incubator. After 

the hydrolysis process is complete, the heating process is performed using a water bath 

at 85°C for 15 minutes to activate the enzyme. After the completion of the hydrolysis 

process, the separation of the supernatant (liquid phase) and precipitate (residue) takes 

place using centrifugation for 15 minutes. The supernatant obtained at this stage is the 

hydrolysate protein from the Rebon shrimp. 
 

Protein concentrate (SPC) production from Rebon shrimp. The production of 
protein concentrate from Rebon shrimp is as follows (Dewita & Syahrul 2014): fresh 

Rebon shrimp is washed thoroughly with running water and grinded with a meat grinder. 

Next, a salt with 0.5 of the shrimp’s weight is added. The mix is wrapped in a calico cloth 

and steamed for 40 minutes. After steaming, the crushed fish meat is pressed, also 

adding a solution of 0.5 N NaHCO3 to gain isoelectric pH. After that, using isopropyl 

alcohol (1:3) (1 kg of rebon shrimp meat for 3 L of isopropyl alcohol), it is extracted for 

10 hours, followed by pressing on the extracted crushed meat, then drying at 40-55°C 

for 24 hours in a dryer. After drying, it is mashed with a blender and sifted, and a 

concentrated shrimp protein is obtained. 
 

Processing of protein isolates (SPI) from Rebon shrimp. The method for obtaining 

protein isolates from shrimp is based on Karnila (2012). Rebon shrimp is dried, and after 

that, milled to obtain flour. After Rebon shrimp flour is obtained, citric acid is added 

progressively using a dropper pipette while stirring it with a magnetic stirrer and adjust 

the pH to 5, heated at 40°C for 30 minutes then centrifuged at 10000 rpm for 15 

minutes. This process will produce a precipitate, which later will result in precipitant. The 
precipitant is dried in the oven for 15-20 hours. Rebon shrimp protein isolates are 

produced after this process is complete. 

 

Statistical analysis. In this study, a statistical analysis of the experimental results was 
carried out by applying a Completely Randomized Design (CRD). Data were analyzed by 

applying a one-way analysis of variance (ANOVA) in SPSS software version 22.0. 

 
Results and Discussion 

Chemical characteristics of natural ingredients SPH, SPC, SPI of Rebon shrimp. 

Different compounds were found in SPH, SPC and SPI from Rebon shrimp, like 

terpenoids, flavonoids, alkaloids, phenolics, and saponins (Table 1). 
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Table 1 

The content of natural chemical compounds of protein hydrolysate, protein concentrate, 

and protein isolate from Rebon shrimp (Acetes erythraeus) 
 

 

Compound 
 

Protein hydrolysate 

Product 
Protein concentrate 

 
Protein isolate 

Terpenoid/Steroid +++ +++ +++ 
Flavonoid ++ + + 

Alkaloid +++ ++ ++ 
Phenolic ++++ +++ ++ 
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Table 1 shows that the content of phenolic, flavonoid, and alkaloid compounds in SPH is 

higher than that  of SPC and SPI, whereas terpenoid and  saponin compounds were 

different from flavonoids 
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compounds, inhibiting many oxidation reactions, both enzymes and non-enzymes. Of all 

phenolic compounds, flavonoids are the largest group. Flavonoids work as an 

antibacterial agent by forming complex structures against extracellular proteins that 

interfere with the integrity of the bacterial cell membrane. Its mechanism of action works 

by denaturing bacterial cell proteins and damaging the cell membrane (Juliantina et al 

2009). Saponin compounds are complex glycoside compounds with high molecular weight 

produced mainly by plants. 

Based on their chemical structure, saponins are grouped into three main classes: 

the steroid class, the alkaloid steroid class, and the triterpenoid class. Typical 

characteristics of saponins include bitter taste and foaming in water. The mechanism of 

triterpenoids as antibacterial agents is by reacting with porin (transmembrane protein) 

on the outer membrane of the bacterial cell wall. It forms strong polymeric bonds that 

damage the porin. Porin acts as the entrance and exit of the compound, which will reduce 

the permeability of the bacterial cell membrane, making it deficient in nutrients and 

inhibiting the bacteria from growing or even killing it (Rachmawati et al 2011). The total 

content of flavonoid compounds and phenolic compounds of Rebon shrimp products is 

available in Table 2. 
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Table 2 

The total content of flavonoid compounds and phenolic compounds of Rebon shrimp 
(Acetes erythraeus) products 

 
Compound (mg g-1 bk)  

Flavonoid compounds Phenolic compounds 

Protein hydrolysate 2.2356 4.2352 

Protein concentrate 1.7814 3.3810 

Protein isolate 1.6300 2.4495 
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Flavonoid and phenolic compounds (Table 2) in the SPH of rebon shrimp are higher than 

those of the other products. The presence of these compounds allows the SPH of Rebon 

shrimp to be used as a functional flavor essential ingredient. According to Karadeniz et al 

(2005), phenolic compounds have various biological effects and roles, such as antioxidant 

activities through the reduction mechanism, free radical scavengers, chelating metal, 

silencer formation of oxygen singlets and electron donors. Flavonoid compounds have the 

potential to capture free radicals. 

Table 2 shows that the SPH of Rebon shrimp has antioxidant potential due to its 

high flavonoid and phenolic content compared to that of the other products. According to 

Sayuti & Yenrina (2015), phenols and polyphenols (flavonoids) are natural antioxidant 

substances found in foods. 
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activity. The results of the antioxidant activity test of Rebon shrimp products are 

presented in Table 3. 
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Molecular weight profile of SPH, SPC, and SPI. Determination of protein molecular 

weight from hydrolysate, concentrate, and isolate of rebon shrimp protein (Acetes 

erythraeus) was carried out using the Sodium Dedocyl Sulphate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) method. The protein molecular weight profile of Rebon 

shrimp products is presented in Figure 1. 

 

 
 

Figure 1 . Profile of molecular protein weight of Rebon shrimp (Acetes erythraeus) 
products. 

 
The measurement results show that Rebon shrimp SPH have molecular weights ranging 

from 71.11 to 5.38 kDa (<10), while SPC have molecular weights ranging from 71.30 

kDa to 5.62 kDa <10. The SPI of Rebon shrimp has molecular weights ranging from 

71.19 kDa to 5.38 kDa <10. These results can prove that SPH has a lower protein 

fraction compared to SPC and SPI. The low protein fraction occurs because the hydrolysis 

process uses the papain enzyme, which can break down the Rebon shrimp protein 

fraction. Protein bands are formed because of the presence of small protein molecules 

that migrate more quickly through the pores of polyacrylamide gels compared to larger 

protein molecules. It may result in protein separation due to molecular weight. 
 

Antioxidant activities of SPH, SPC, and SPI. The antioxidant activity test was carried 

out by the DPPH (1,1-diphenyl-2-picrylhydrazil) method. Antioxidants are electron-giving 

compounds so that these compounds can counteract or reduce the adverse effects of 

oxidants. Antioxidants work by donating one electron to compounds that are oxidant, in 

certain levels able to inhibit or slow down the damage caused by the oxidation process. 
The parameter used to interpret the test results is the IC50 value, which is defined 

as the concentration  of antioxidant compounds, which  causes a 50% loss of DPPH 
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Table 3 

Antioxidant activity (IC50) of Rebon shrimp (Acetes erythraeus) products 
 

Product 
IC50 (mg mL-1) 

Mean 

Protein hydrolysate 0.20 0.18 0.22 0.20±0.02 

Protein concentrate 0.45 0.43 0.47 0.45±0.02 

Protein isolate 0.58 0.53 0.56 0.35±0.25 

 
The IC50 values of SPH, SPC and SPI are 0.20 mg mL-1, 0.45 mg mL-1, and 0.35 mg mL-1, 

respectively. This difference in antioxidant activity is due to the chemical components of 
Rebon shrimp products in general, like different protein and amino acid content. Rebon 
shrimp SPH has a low IC50 value compared to that of other products. The lower is the IC50 

value, the higher is the DPPH free radical deterrence activity of the product. 

Several factors influence the difference in anti-oxidant activity, like the 

composition of the structure and hydrophobicity of the amino acids forming the peptide 

(Li et al 2007), types of hydrolyzing enzymes (Qian et al 2008), the size, sequence, and 

weight of peptide molecules (Wang et al 2014) and the high hydrophobic amino acid 

content in peptides that can increase its solubility in fat, thereby increasing its 

antioxidant activity (Kim et al 2001). 

The potential antioxidant activity of Rebon shrimp SPH is stronger when compared 

to other products. According to Torino et al (2013), the type of peptide formed during the 

process strongly influences the antioxidant activity in protein hydrolysate. Wu et al 

(2003) stated that the molecular weight and amino acid composition of peptides formed 
during hydrolysis greatly influence the antioxidant activity of protein hydrolysates. The 

Indian mackerel (Rastrelliger kanagurta) protein hydrolysate obtained by Abdulazeez et 

al (2014) has a strong potential as an antioxidant, inhibiting fat oxidation, its strength 

being balanced with synthetic antioxidants, such as BHT. 

Based on the amount of amino acid content, the processed product from Rebon 

shrimp can be bioactive, because according to Pihlanto-Leppala et al (2000), bioactive 

peptides usually consist of 3-20 amino acids, and the bioactive activity of these peptides 

depends on their amino acid composition and composition. According to Kim & Kim 
(2007), peptides from marine organisms consist of enzymes hydrolyzed by marine 

proteins and have several physiological functions, like antioxidants. According to Susanto 

& Fahmi (2012), marine biopeptides that function as antioxidants have great potential as 

a nutritional alternative. 
 

Conclusions. The results of the analysis of the characteristics of the chemical content of 

natural compounds, for example, terpenoids, flavonoids, alkaloids, phenolics, and 

saponins, were detected by criteria (++++) and the percentage of the flavonoid content 

of 2.2352 mg/g, phenolic of 4.2352 mg/g. Porphyry molecular weight <10 kDa, 

antioxidant activity of SPH with IC50 of 0.20 mg/ml. 
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Abstract. Rebon shrimp (Acetes erythraeus) is a small shrimp that is available in Riau Province, 

Indonesia. It can potentially be used as a source of hydrolyzed, concentrated and isolated proteins. 
These may produce bioactive compounds that are able to act as antioxidants. This study has been 
conducted to identify the antioxidant activities of the hydrolyzed, concentrated and isolated proteins from 
Rebon shrimp. The hydrolyzed protein was obtained using papain enzyme 15%, the concentrated protein 
was produced using isoprophyl alcohol (1:3) and the isolated protein was produced by the pH 11 and pH 
5 combination method. The antioxidant activity of all products was identified using the DPPH method. 

Results showed that the hydrolyzed protein contains terpenoids, flavonoids, alkaloids and phenolic 
compounds. The flavonoid content was 2.2356 mg g-1 and the phenolic content was 4.2352      mg g-1. 
The molecule weights ranged from 5.62 to 71.19 kDa. The highest antioxidant activity was found in the 
hydrolyzed protein (IC50 value was 0.20 mg mL-1). 
Key Words: alkaloid, bioactive compounds, flavonoid, Rebon shrimp, terpenoid. 

 
 

Introduction. Rebon (Acetes erythraeus) is present in Riau Province, Indonesia. The 

shrimp is available, producing a high amount of catch, 3215.4 tons ND 8462.2 tons in 

2015 and 2016, respectively (Riau District Marine and Fisheries Service 2017). Its 

economic value is relatively low, as the price of fresh shrimp is less than 0.35 USD for 1 

kg. Because of this, the shrimp is sometimes categorized as “marginal shrimp”. 

Even though A. erythraeus is categorized as a non-important commercial shrimp, 

its nutritional quality and quantity, especially the crude protein content, are not different 

from those of other shrimps. Its nutritional value is relatively high, with a crude protein 

content of 16.2%, 1.3% crude fat, 79% water, 2.6% calcium, 1% phosphorus and 2.2% 

Fe (Suparmi et al 2017). A. erythraeus is a small sized shrimp with a relatively soft shell. 

When processing, the shell waste is reduced, almost all body parts being processed. 

So far, the use of A. erythraeus is not optimal, especially in Riau. It is rarely sold 

fresh or used as a main ingredient in Indonesian dishes. Instead, it is traditionally 

processed into dried shrimp, shrimp paste or shrimp sauce, commonly used as a spice. 

As A. erythraeus is rich in proteins, its economic value can increase. By using non- 

conventional or modern processing methods, the shrimp can be used as a source for 

hydrolyzed proteins or concentrated proteins through enzymatic hydrolysis processes, or 

acidic, alkaline and fermentation processes (Jemil et al 2014). These products are 

commonly used as food additives. Moreover, results of several studies indicate that 

peptides present in the hydrolyzed protein act as bioactive compounds and could act as 

antioxidants (Luo et al 2012; Abdulazeez et al 2014; Tanuja et al 2014; Baehaki et al 

2015). 
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Wijaya (1996) stated that natural antioxidants can be obtained from ocean 

resources. As Indonesia is rich in ocean resources, it is possible to discover new sources 

of antioxidants from the ocean, including Rebon shrimp. Luo et al (2012) discovered that 

hydrolyzed protein with antioxidant activities can be used as a replacement of synthetic 

antioxidants such as buthylated hydroxytoluen (BHT) and buthylated hydroxyanisole 

(BHA). These synthetic antioxidants may unfortunately trigger DNA damage and are 

toxic, so new resources can be explored. 

A. erythraeus may be a potential natural antioxidant source. A modern method to 

produce hydrolyzed, concentrated and isolated proteins from Rebon shrimp has not been 

applied until now, to our knowledge. By applying the modern method, the proteins can 

be isolated and it used in food diversification. The aim of the study was to understand the 

potential of A. erythraeus as a source of hydrolyzed, concentrated and isolated protein 

and their potential as antioxidants. 

 

Material and Method 

Materials. A. erythraeus shrimp obtained from the Bagan siapi-api Regency, Riau 

Province, was used in this study. The study was conducted in the Fish Processing 

Technology Laboratory, Fisheries and Marine Science Faculty, Riau University, Indonesia, 

in March 2018. Materials used include: papain enzyme, NaOH, NaHCO3, isopropyl, 

magnesium, methanol, Dragendroff reagen, Bouchardat and Mayer reactive agents, 

sodium dodesyl sulphate (SDS), amonium persulphate (APS), tetramethylenediamine 

(TEMED). Laboratory equipment used is: incubator (IS900 Yamato), autoclave (SM52 

Yamato), stainless steel blender, centrifuge (Beckman 7B-6 type), oven (Memmert- 

Germany), pH meter (HM-205), magnetic stirrer, spectrophotometer UV-vis and freeze 

dryer. 

Methods. This study used an experimental method to obtain the proteins, namely 

hydrolyzed protein (HP), concentrated protein (CP), and isolated protein (IP), and to 

identify the antioxidant roles of the proteins. The proteins from the shrimp were obtained 

through hydrolysis as follows: 

 

Hydrolyzed protein production. The production of hydrolyzed protein was conducted 

following Nurhayati et al (2007). First, 300 g of shrimp was rinsed thoroughly using 

running water and then it was minced using a meat grinder. 300 mL of distilled water 

(1:1 w/v) was added, and the mix was homogenized and heated for 15 minutes, at 60°C. 

Then the pH was adjusted to reach the optimum point (7.0) by the addition of NaOH 0.5 

N. Papain enzyme (15% of sample weight) was added. The mixture was incubated for 4 

hours, at 60°C, in order to optimize the enzyme reaction. After the hydrolysis process, 

the sample was heated using a water bath for 15 minutes, at 85°C. The sample was 

centrifuged for 15 minutes at 15000 rpm for separating the liquid and solid materials. 

The hydrolyzed protein was the supernatant produced in this process. 

 

Concentrated protein production. The concentrated protein production was based on 

Dewita & Syahrul (2014). To obtain the concentrated protein, 300 g of fresh shrimp was 

rinsed using running water, and minced. 1.5% of sample weight NaHCO3 was added and 

the pH was adjusted to 7.4-7.8. NaCl (2% of shrimp weight) was added. The next step 

was the sample extraction using isoprophyl alcohol (the ratio of minced shrimp to 

isoprophyl alcohol was 1:3) for 10 hours, at 5°C. After the extracting process, the 

mixture was pressed to separate the NaHCO3, and then the pressed sample was dried for 

24 hours in the oven, at 55°C. The dried sample was powdered by using a blender and 

was sieved using a sieve with an eye diameter of 250 microns to obtain concentrated 

protein. 

 

Isolated protein production. The isolated protein production was based on Karnila 

(2012). This product was made by washing 500 g of fresh shrimp thoroughly in running 

water. The shrimp was dried for 24 hours at 60°C, in an oven. The dried sample was 

minced into powder using a blender, and was sieved using a sieve with an eye diameter 
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of 250 microns. Then 100 g of Rebon powder was suspended in AquaDest - the ratio of 

powder to AquaDest was 1:1.5 (w/v) - and the pH was adjusted by adding NaOH 1 N 

progressively to reach pH 11. The mixture was heated and stirred at 55°C for 30 

minutes, then it was centrifuged for 15 minutes at 15000 rpm. The pH of the supernatant 

produced was adjust by progressively adding HCl 1 N to reach pH 5. The supernatant was 

centrifuged at 15000 rpm for 15 minutes. The supernatant was removed and the 

particles obtained (the shrimp isolated protein) was dried using a freeze dryer. 

 

Antioxidant activity test. The antioxidant activities of the hydrolyzed protein, 

concentrated protein, and isolated protein products obtained were tested using the DPPH 

method, based on Li et al (2007). To test the activities, 10 mg of concentrated or isolated 

proteins, or 10 mL of hydrolyzed protein were diluted with methanol PA, in series 

concentrations (100, 200, 400, 800 ppm). The solution from each concentration (160 µL) 

was mixed with 40 µL DPPH (0.3 mg mL-1). The mixture was incubated in a dark room, at 

37°C for 30 minutes. The absorbance was measured at 517 nm wavelength, and ascorbic 

acid was used as a control. Sample concentration and the inhibition percentage were 

plotted in a linear regression curve and the 50% inhibition concentration (IC50) was 

calculated in mg mL-1. The absorbance of the blanko liquid was measured as a basis to 

calculate the inhibition percentage. The results of absorbance were calculated using the 

following formula: 

% inhibition =  x 100 

The data was then plotted for linear regression, with the sample concentration on the X 

axis and the inhibition values on the Y axis to find out the IC50 (50% inhibition 

concentration value). 

 

Natural compound identification. Several tests were conducted to identify the 

presence of natural compounds from the obtained products, including 

steroids/terpenoids, alkaloids, and flavonoids. The tests conducted are: 

1. Steroid/terpenoid identification test: 1 mL of sample solution (hydrolyzed 

protein, concentrated protein, and isolated protein have been macerated with methanol) 

was dried up at room temperature for 24 hours. The dried sample was mixed with 

Lieberman-Burchard reagent. The presence of steroids and terpenoids was indicated by 

the changing of the solution color to blue. 

2. Alkaloid identification test: 3 mL of sample solution were added to 1 mL HCl 2 N 

and 6 mL of AquaDest. The solution was heated for 2 minutes, cooled at room 

temperature and filtered. The filtrate was checked for the presence of alkaloid 

compounds by using Dragendroff, Bouchardat and Mayer reagents. Formation of 

precipitates indicates the presence of alkaloid compounds. 

3. Flavonoid identification test: 2 mL of the extract was added to magnesium 

powder and 2 mL of HCl 2 N. The presence of flavonoids was indicated by the changing of 

the color of the solution to orange or red. 
 

The profile of protein molecular weight. The weight of hydrolyzed, concentrated, and 

isolated protein molecule from the Rebon shrimp was identified using a Sodium Dodecyl 

Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) method based on Laemmli 

(1970). 

 

Results and Discussion 

Natural compound in the Rebon shrimp products. Results of the natural compound 

identification tests showed that the hydrolyzed, concentrated and isolated protein from 

the Rebon shrimp contain alkaloid and other compounds (Table 1). 

The content of terpenoid compounds in the hydrolyzed, concentrated and isolated 

proteins is generally the same, adequate (+++). The terpenoid and saponin content was 

also mainly the same (+). The hydrolyzed proteins contain more flavonoids (++), 
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alkaloids (+++) and phenolics (++++). Sjahid (2008) stated that the flavonoid 

compound acts as a good reductant compound able to deter many oxidation reactions, in 

enzymatic or in the non-enzymatic processes. Hanani et al (2005) mentioned that the 

alkaloid compounds may act as antioxidants. The amount of flavonoids and phenolic 

compounds of the products are presented in Table 2. 

 

Table 1 

The content of natural chemical compounds of hydrolyzed, concentrated, and isolated 

protein from Rebon shrimp (Acetes erythraeus) 

 
 

Compound Hydrolyzed protein 
Concentrated

 Isolated protein 

 

 

 

 

 

Note: + - present; ++ - low; +++ - adequate; ++++ - abundant. 

 

The content of flavonoids is more than half of the phenolic compounds in the tested 

products (Table 2). The content of flavonoid and phenolic compounds in the hydrolyzed 

proteins was higher than those of other products. This fact suggested that the hydrolyzed 

protein of the Rebon shrimp has the potential to be used as a basic material for 

antioxidants. According to Karadeniz et al (2005), phenolic compounds have various 

biological effects and roles, such as antioxidant activities through reduction mechanisms, 

free radical scavengers, chelating metals, hampering the formation of singlet oxygen and 

electron donors. As the phenolics, flavonoid compounds have the potential to capture 

free radicals. Pratama et al (2013) mentioned that the antioxidant activity of a food 

resource is affected by its chemical compounds such as amino acids and phenolic 

compounds. Moreover, Sayuti & Yenrina (2015) stated that antioxidant components such 

as phenolics and flavonoids are natural antioxidant substances present in food sources. 

 

Table 2 

The total content of flavonoid compounds and phenolics in Rebon shrimp (Acetes 
erythraeus) products 

 

Compound (mg g-1 dry basis) 
Product Flavonoid compounds Phenolic compounds 

Hydrolyzed protein 2.2356 4.2352 

Concentrated protein 1.7814 3.3810 

Isolated protein 1.6300 2.4495 

Molecular weight profile of hydrolyzed, concentrated, and isolated protein. The 

results of the SDS-PAGE in identifying the molecule weight of the hydrolyzed, 

concentrated, and isolated proteins from the Rebon shrimp are various. The weight of 

hydrolyzed protein ranged from 5.62-71.19 kDa, while that of the concentrated and 

isolated proteins were 5.38-71.39 kDa and 5.38-71.11 kDa, respectively. The peptide 

fractures are related to types, concentrations and specifications of enzymes toward the 

used substrate. The protein molecular weight profile of Rebon shrimp products is 

presented in Figure 1. 

Results obtained indicate that the protein fractures of all the products was <100. 

The low protein fraction in the hydrolyzed proteins may be caused by the use of the 

papain enzyme during the hydrolyzing process, as the enzyme may be able to break up 

the protein fraction. Molecular weight of the hydrolysate may affect the antioxidant 

properties. Khirzin et al (2015) stated that the antioxidants of sea cucumbers are 

relatively strong, with an IC50 value of 2.19, and this may be caused the presence of 

peptides that have 91.91-95.03 kDa molecular weights and are in coarse form. 

 protein  

Terpenoid/Steroid +++ +++ +++ 

Flavonoid ++ + + 

Alkaloid +++ ++ ++ 

Phenolic ++++ +++ ++ 

Saponin + + + 
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According to Mine & Shahidi (2005), protein originating from ocean products, such 

as bioactive peptides, actively affect human health. The molecule weight of peptides that 

are active and positively affect human health was <100 KDa, consist of 3-10 amino 

acids. As the molecule weight is lighter, the protein and amino acid content may 

increase and the bioactivity of the product would also increase. Belkaaloul et al (2010) 

stated that in the protein hydrolysis process, by using proteolytic enzymes, the proteins 

may be broken down into smaller protein fractions and could increase the protein content 

in the hydrolyzed product. 
 

Figure 1. Profile of molecular protein weight of Rebon shrimp (Acetes erythraeus) 

products. Rb1 - hydrolyzed protein; Rb2 - concentrated protein; Rb3 - isolated protein. 

 

Antioxidant activities of hydrolyzed, concentrated, and isolated proteins from 

Rebon shrimp. The results of the antioxidant activity tests on Rebon shrimp products 

are presented in Table 3. 

 

Table 3 

Antioxidant activity (IC50) in the hydrolyzed, concentrated, and isolated protein from the 
Rebon shrimp (Acetes erythraeus) 

 

IC50 (mg mL-1) 

 

 
protein 

 
Note: R - repetition. 

 
The IC50 of each product is different. The IC50 value of the hydrolyzed protein was 0.20 
mg mL-1, lower than those of the concentrated protein (0.45 mg mL-1) and isolated 
protein (0.35 mg mL-1). The low IC50 value in the hydrolyzed protein may be caused by 
the use of papain enzyme during the process, producing peptides with stronger 
antioxidant properties. Li et al (2007) stated that the difference in antioxidant activity 
might be affected by structure composition and hydrophobicity of the amino acids that 

Product R1
 R2 R3 

Average 

Hydrolyzed protein 0.20 0.18 0.22 0.20±0.02 

Concentrated 
0.45

 0.43 0.47 0.45±0.02 

Isolated protein 0.58 0.53 0.56 0.35±0.25 
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construct the peptide, and the type of enzyme that hydrolyzed the product (Qian et al 

2008). 

The IC50 value of the hydrolyzed protein was relatively low (0.20 mg mL-1), 
indicating that the antioxidant activity of the product is strong. This may due to the use 
of enzymes during the hydrolysis process, as the enzymes may have produced more 
peptides with high antioxidant activity. Fan et al (2012) stated that the deterring act of 
DPPH free radical in hydrolyzed protein from bones of Nile tilapia (Oreochromis niloticus) 
that was isolated using enzymatic processes is strong (IC50 - 1.92 mg mL-1). 

The antioxidant activity IC50 of the hydrolyzed protein from Rebon shrimp is 

stronger than that of other products. According to Torino et al (2013), the antioxidant 

activities of the hydrolyzed protein are strongly affected by the type of peptides that 

were formed through the hydrolysis process. Wu et al (2003) stated that the molecular 

weight and amino acid composition of peptides formed during hydrolysis process strongly 

affect the antioxidant activity of hydrolyzed proteins. The antioxidant activities of 

hydrolyzed protein from Indian mackerel (Rastrelliger kanagurta) have a strong potency, 

being able to deter the fat oxidation process, with a strength almost equal to that of 

synthetic antioxidants such as BHT (Abdulazeez et al 2014). Thus, the hydrolyzed protein 

from fishery products that has bioactive peptides is a potential natural antioxidant and 

might be developed into commercial food additives. Similar results were obtained by 

Wang et al (2014), who stated that the IC50 value of hydrolyzed protein from fish that 

was isolated through enzymatic processes was 0.283, indicating a strong action in 

deterring the DPPH free radicals. 
 

Conclusions. The hydrolyzed, concentrated, and isolated protein can be obtained from 
the Rebon shrimp. In the protein products, there are abundant natural compounds 
present, consisting of terpenoids, flavonoids, alcaloids, phenolics, and saponins. The 
flavonoid content of hydrolyzed protein is 2.2352 mg g-1 and the phenolic content is 
4.2352 mg g-1. The molecule weight profile was <10 kDa. The IC50 value of the 
antioxidants from hydrolyzed protein of Rebon shrimp is 0.20 mg mL-1, indicating that 
the hydrolyzed protein is a potential natural antioxidant. 
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