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ABSTRACT 

In 2017, The Indonesian fishing productivity reached 6,424,114 tons from the sea and 467,821 tons from 

freshwaters. Some kinds of sea fish which contain high protein are Crocodile flathead fish (17.86%) and Cardinal 

fish (18.26%), while kinds of freshwater fish that contain high protein are Common barb (12.5%) and Java barb 

(19%). The high protein content of fish has the potential to be manufactured as a protein hydrolysis product. 

Enzymatic hydrolysis by using Biduri protease is one of the easier and more profitable methods. This study aimed 

to determine the functional properties of the protein hydrolyzate of Crocodile flathead fish, Cardinalfish, Common 

barb, and Java barb hydrolyzed using biduri protease under controlled conditions. This research used four kinds 

of fish (Crocodile flathead, Cardinalfish, Common barb, and Java barb) and was analyzed using descriptive 

information. The analysis includes soluble proteins, emulsion capacity and stability, foaming capacity and 

stability, water holding capacity, solubility, and Km/Vmax. The results showed that the highest water holding 

capacity, solubility, emulsion capacity, foaming capacity, foam stability were obtained on Cardinalfish of 9.01%; 

0.0097 mg/ml; 32.37 m2/g; 5.73 ml, and 4 ml respectively. The highest emulsion stability and Km/Vmax of Common 

barb were 4.22 hours, Km value was -2962.58g/ml and Vmax was -2.370 unit/ml. The highest soluble protein was 

in crocodile flathead at 0.72g/ml. 

Keywords: Hydrolysis protein, ‘biduri’ protease, functional properties. 

1. INTRODUCTION 

The productivity data of catch fisheries in 

Indonesia in 2017 reached 6,424,114 tons from 

maritime sources and 467,821 tons from mainland 

public water sources, according to the Ministry of 

Marine Affairs and Fisheries. Crocodile flathead and 

cardinal fish, which sell for roughly Rp 3,000 per 

kilogram, are examples of low-value sea fish. 

Crocodile flathead and cardinal fish, despite its modest 

cost, protein amounts of 17.86% and 18.26%. Fresh 

fish with high protein content, such as common barb 

and java barb, have 12.5 percent and 19 percent. 

(Wahyuningtyas, 2017) [1] The four fish have high 

protein, which could be used as a source of protein 

hydrolysis. 

 Hydrolyzing breakdown of proteins by acids, 

alkalise, or enzymes produces protein hydrolysate. 

Hydrolysis using protease enzymes is regarded to be 

more advantageous due to its simplicity of usage and 

lower costs. Exopeptidase enzymes like biduri 

protease work by cutting polypeptides at the end of 

proteins. Protein hydrolysis produces peptides and 

amino acids that have bioactive properties such as 

antioxidants, antihypertensives, antiproliferative, 

anticoagulant, antidiabetic, and antiobesity. The 

hydrolysis process can increase the functional 

characteristics of proteins in addition to producing 

bioactive peptides. (Taheri et al., 2012) [2]. The 

purpose of the research was to identify the functional 

properties of protein hydrolyzed crocodile flathead, 

cardinal fish, java barb, and common barb hydrolysis 
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results under controlled settings using the enzyme 

biduri protease. 

2. MATERIALS AND METHOD 

Crocodile flathead (Platycephalidae 

cymbacephalus), cardinal fish (Apogon 

albimaculosus), common barb (Rasbora jacobsoni), 

and java barb (Rasbora jacobsoni) were the main 

ingredients in this research. Biduri protease enzymes 

were extracted from the sap of biduri plants located in 

the coastal area of Watu Ulo, Jember, East Java, for 

this research. Material used for analysis is distilled 

water, vegetable oils, pH 7 phosphate buffers, lowry 

mix reagents, Follin reagent, and SDS (sodium 

dodecyl sulfate). Analytical balance (Ohaus), 

homogenizer, Freeze dryer, water bath GFL 1083, 

Centrifuse Yenaco model YC-1180, Shimadzu 

spectrophotometer, Oven dryer, pH meter and glass 

tool.  

Making protein hydrolysis with fish meat that's 

been cleaned and crushed in a blender, with the 

distilled water that are 1:2 (weight / volume) of the 

weight of the fish meat. The pH of the produced fish 

meat suspension is then set to 7. After that, add 3 

percent (b/v) biduri protease enzyme to the weight of 

the fish meat. The hydrolysis process is carried out in 

a water bath at 55°C for 3 hours, followed by an 

enzyme inactivation step at 85°C for 20 minutes. The 

suspension is centrifuged after chilling to separate 

supernutrients that comprise dissolved proteins, lipids, 

and insoluble components (pellets). After that, the 

supernatan is dried in a freeze dryer. The results of fish 

protein hydrolysis analyzed soluble protein 

(Sudarmadji et al., 1997) [3], emulsion capacity and 

stability (Zhang et al., 2013)[4], foaming capacity and 

stability, water holding capacity (Shahidi and 

Synowiecki, 1997)[5], solubility (Anderson et al., 

1984) [6] and Km/Vmax (Putra, 2009) [7]. 

3. RESULTS AND DISCUSSION 

3.1. Analyzed soluble protein 

The capacity of proteins to be hydrolyzed into 

amino acids by protease enzymes is known as soluble 

protein or protein digestibility (Pellet and Young, 

1980) [8]. The Lowry analysis is used to identify 

soluble protein levels. Figure 1 shows observations of 

soluble protein in crocodile flathead, cardinal fish, 

java barb, and common barb. 

According to research, the crocodile flathead has 

the highest soluble protein levels, while the java barb 

has the lowest. The content of amino acids in fish can 

be used to determine soluble protein levels. It contains 

20.719 percent amino acids in crocodile flathead and 

17.675 percent amino acids in java barb. Temperature, 

pH, enzyme concentrations, and substrates are all 

parameters that influence the amount of soluble 

protein produced. The enzyme will denature when the 

pH is too high or too low. As a result, the correct pH 

of enzymes is needed during hydrolysis in order for the 

reaction to proceed successfully. (Koesoemawardani 

et al., 2011) [9].   

3.2. Water Holding Capacity (WHC) with 

Meat System Model 

The ability of meat to bind water or water added 

from outside forces such as heating, meat cutting, 

pressure, and milling affects its water holding 

capacity. Water holding capacity is one of the 

important features of protein, according to 

(Kristinsson and Rasco, 2000) [10], and it can affect 

texture and characteristics in the food system. Figure 

2 shows data on water holding capacity using the meat 

system in crocodile flatheads, cardinal fish, java barbs, 

and common barbs.  

According the data, cardinal fish have the 

maximum water holding capacity at 9.01 percent and 

common fish have the lowest at 1.58 percent. Because 

each fish has a different pH, the value of its water 

holding capacity varies. The pH of cardinal fish and 

crocodile flathead is similar, ranging from 8 to 8.5, but 

java barb and common barb have a pH of 6-7. The 

water holding capacity is affected by pH levels that are 

too high or too low. The capacity to bind water is 

reduced when the pH of the meat muscles is low. This 

is due to actuosine's enhanced contraction, which 

allows the liquid in the flesh to escape. (Balti et al., 

2010)[11]. Fish with a low water holding capacity lose 

more fluid, resulting in a significant weight loss. In 

fish hydrolysate, (Jemil et al., 2014) [12] reported a 

water holding capacity of 7.7g/g. Salt is another 

component that influences water holding capacity. Salt 

can supply an electrical charge to proteins bound by 

Na and CI, resulting in decreased protein interaction 

and increased water-protein interaction. 

3.3. Solubility 

One of the important characteristics of proteins 

that affects other functional properties is their 

solubility. At the pH at the isoelectric point, protein 
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solubility in water reaches a low. Because the protein 

is not charged at isoelectric pH, there is no pull force 

between molecules. Isoelectric proteins become 

negatively or positively charged again at pH below or 

above, increasing solubility. Figure 3 shows the 

solubility of the protein hydrolysate of Crocodile 

flathead fish, Cardinalfish, Common barb, and Java 

barb. 

According to the data, the cardinal fish protein 

hydrolysate has the highest solubility value of 0.0097 

mg/ml and the common barb protein hydrolysate has 

the lowest solubility value of 0.0088 mg/ml. The pH 

of fish protein hydrolysate affects high low solubility. 

The solubility of hydrolysate increases as the pH 

increases. Protein hydrolysate has better solubility, is 

good at high pH, and maintains heat stability Li, Luo, 

Shen, and You (2012) [13]. Increasing the hydrolysis 

time, which results in peptides and decreased 

molecular weight, is another way to increase the 

solubility of protein hydrolysate. (de Castro & Sato, 

2014; He, Franco, & Zhang, 2013) [14-15]. 

3.4. Emulsion capacity and stability 

Emulsions are created when hydrophilic and 

hydrophobic components are balanced. Hydrophilic 

bonding is polar, whereas hydrophobic bonding is 

non-polar and binds to oil. Emulsion-forming 

components are hydrophilic and hydrophobic, and if 

one is destroyed, the power of the generated emulsion 

is reduced. Figure 4 shows the results of emulsion 

capacity of the protein hydrolysate of Crocodile 

flathead fish, Cardinalfish, Common barb, and Java 

barb. 

According to the data, protein hydrolysate of 

Cardinal fish has the maximum emulsion power value 

of 2.37 m2/g, while hydrolysate proteins of java 

barb has the lowest at 1.97 m2/g. pH can impact the 

emulsion capacity of high and low emulsions. The 

ideal pH for emulsion capacity is pH 8, and proteins of 

Cardinal fish degradation occurs at the same pH, 

allowing the emulsion power to be controlled more 

effectively. (Taheri et al., 2013) [16] The molecular 

size and weight of peptides, as well as the surface 

characteristics of proteins, are other factors that 

influence emulsion capacity ( Liu et al., 2014; Pires & 

Batista, 2013) [17, 18].  

Emulsion stability is the ability of a material's 

emulsions to remain stable in the presence of other 

particles. The consistency of a good emulsion does not 

alter during storage, it does not change color, and it 

does not develop a layer. Figure 5 shows the results of 

evaluating the emulsion stability protein hydrolysate 

of Crocodile flathead fish, Cardinalfish, Common 

barb, and Java barb. 

Figure 5 shows that protein hydrolysate of 

common barb has the best emulsion stability with a 

value of 4.22 hours and protein hydrolysate of java 

barb the the worst with a yield of 3.16 hours. The pH 

of the emulsion is one factor that influences its 

stability. The pH of protein hydrolysate of common 

barb ranges from 6-7, and the closer it reaches to 7, the 

greater the emulsion qualities. Emulsion stability is 

found in soy hydrolysis at DH 4 percent and pH 7 

according to (Jung, Murphy, and Johnson, 2005) [19]. 

The greater the emulsion in hydrolysate's 

characteristics at alkaline pH, the better the unfolding 

conditions for proteins under alkaline conditions. The 

hydrophobic residues of the protein are exposed as the 

disease progresses, resulting in increased oil-water 

contact. 

3.5. Foaming Capacity and Stability 

Foaming is a dispersion of the gas phase in the 

liquid phase that forms when something is shaken. The 

creation of froth is caused by the open bonding of 

protein molecules, which allows air to enter between 

the molecules whose chains are open and held, causing 

them to expand. When a substance contains oil, its 

potential to gather it is increased (Raikos et al., 2006) 

[20]. Figure 6 shows the findings of the research on the 

foaming capacity and stability of the protein 

hydrolysate of Crocodile flathead fish, Cardinalfish, 

Common barb, and Java barb. 

 According to the research, protein 

hydrolysate of cardinal fish has the maximum foaming 

capacity of 5.73 ml and protein hydrolysate of 

crocodile flathead has the lowest foaming capacity of 

3.60 ml. The topographical and chemical features of 

the protein surface have a significant impact on the 

protein surface. Furthermore, the success of functional 

qualities is determined by the properties of physomia, 

particularly protein molecules (Fennema, 1996) [21]. 

Because pH is linked to protein solubility, it has an 

impact on foaming capacity. Solubility will be near the 

minimum at pH near the isoelectric point, whereas 

maximal creases will occur at pH distant from the 

isoelectric point. If the protein solubility is at its 

highest, the protein will be diffused uniformly, 

allowing the froth shaper to spread equally and 

produce more froth. (Chayati and Ari, 2008).   

The ability of a foam structure to last for a specific 

amount of time is known as foaming stability. The size 
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of the foam drain at a given moment contains 

indicators of froth stability, which are indicated in 

weight or volume. According to the findings, protein 

hydrolysate of cardinal fish has the highest foam 

stability at 4 ml and protein hydrolysate of crocodile 

flathead has the lowest at 1.33 ml. The amount of 

hydrophobic components in the foam will affect its 

stability, as well as the properties of proteins and their 

ability to minimize surface tension (Mutilangi, 

Panyam and Kilara, 1996) [22].  

4. CONCLUSION 

Soluble protein levels of hydrolysate crocodile 

flathead (0.72 mg/ml), WHC (5.54%), solubility 

(0.0094 mg/ml), emulsion capacity and stability 

(2.17m2/g; 3.18 hours), foam power and stability 

(3.60;1.33 ml). Soluble protein of hydrolysate cardinal 

fish (0.63 mg/ml), WHC (9.01%), solubility (0.0097 

mg/ml), emulsion capacity and stability (2.37m2/g; 

4.19 hours), foam capacity and stability (5.73;4 ml). 

Protein hydrolysate java barb results in soluble protein 

levels (0.60 mg/ml), WHC (3.99%), solubility (0.0095 

mg/ml), emulsion capacity and stability (1.97m2/g; 

3.16 hours), and foaming capacity and 

stability (4.60;2.33 ml). Protein hydrolysate if 

common barb   has soluble protein levels (0.66 

mg/ml), WHC (1.58 percent), solubility (0.0088 

mg/ml), emulsion capacity and stability 

(2.05m2/g;4.22 hours), and foaming capacity and 

stability (4.27;2 ml). The highest Km/Vmax value is 

obtained in the protein hydrolysate of common barb  

with a value of Km of -2962 g/ml and Vmax of -2,730 

units/ml while the lowest Km/ Vmax value is obtained 

in protein hydrolysate of crocodile flathead with a 

value of Km of 3880,960 g/ml and a Vmax value of 

8,733 units/ml. Suggestions for this study, can be 

continued by making nanoparticles and tested in vivo. 
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