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Abstract—This study was designed to facilitate enzymatic 

protein hydrolysis of catfish (Clarias batrachus) using subtilisin.  

The effect of incubation time (30, 60, 120, 180 min) with enzyme 

concentration of 1% (v/w substrate); pH = 8.0; 55°C was studied 

to determine the degree of hydrolysis (DH), peptide content, 

amino acid profile and proximate composition of catfish protein 

hydrolysate (CPH). Results showed that CPH obtained with 

maximum incubation time had the highest DH; 59% and peptide 

content; 7200 µg/ml. The DH and peptide content of CPH 

significantly increased (p < 0.05) as hydrolysis time increases 

from 0 min to 180 min. The major amino acids of CPH were Glu, 

Lys and Asp. CPH showed significantly higher (p < 0.05) crude 

protein content and lower fat, moisture and ash content 

compared to raw catfish. From the findings, C.batrachus protein 

hydrolysates may contribute as an excellent source of amino 

acids, bioactive peptides and proteins. 
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I. INTRODUCTION 

Clarias batrachus or commonly known in Malaysia as Keli 

is one of the high demand freshwater fishes contributing by its 

unique taste and cheaper price as compared to other freshwater 

fishes. According to Department of Fisheries Malaysia (2012), 

the total amount of catfish production in year 2012 was 46,523 

metric tons. The sale of catfish produced in Malaysia in year 

2012 earned RM 189 million out of the total aquaculture fish 

production of RM 992 million [1]. Though catfish is on a high 

demand in Malaysia, yet its commercial value is low. This is 

due to the utilization of cultured catfish is still limited to local 

consumption. Hence, an alternative to enhance the commercial 

value of catfish is by generating catfish protein hydrolysates. 

These protein hydrolysates can be a source of raw material for 

various industries. 

Protein hydrolysis refers to all possible process in which the 

protein is broken down to produce lower molecular weight 

peptides [2]. Hydrolysis decreases the peptide size, making 

hydrolysates the most available amino acid source for protein 

biosynthesis [3]. The use of protein hydrolysate as ingredients 

for animal feed or human consumption dates back to the 

1960–1970s [4,5,6].  Nowadays the applications of protein 

hydrolysates have expanded in a variety of industries, 

including pharmaceuticals, nutraceuticals, cosmetics or animal 

nutrition. Protein hydrolysates are also useful for maintaining 

the growth of different microorganisms [7]. Recently, fish 

protein hydrolysates have become popular in the food industry 

due to the high protein content.  Because some proteins 

possess a range of dynamic functional properties, fish protein 

hydrolysates exhibit a wide spectrum of physicochemical 

behavior such as emulsifying activity, foamability and 

moisture sorption [8]. With the increasing knowledge 

regarding the functional properties of fish protein 

hydrolysates, there are many researchers conducting studies on 

the developments and applications of fish-derived bioactive 

peptides as functional foods and nutraceuticals [9]. During the 

last decade, several studies have shown that fish protein 

hydrolysates or peptides possess biological properties such as 

inhibition of angiotensin-I-converting enzyme, antioxidant, 

immunomodulatory and antimicrobial activities 

[10,11,12,13,14]. 

The use of commercial enzyme is preferred in protein 

hydrolysis since the hydrolysis process and the properties of 

resulting products such as the peptide chain length of the 

hydrolysates can be controlled [15].  A number of different 

enzymes have been used for hydrolysis of fish [16]. There are 

plant-derived enzymes such as papain [13] and animal-

originated enzymes for example trypsin [17]. Enzymes of 

microbial source have been also applied. Subtilisin is an 

alkaline proteinase originating from Bacillus subtillis [18].  

From a technical and economic point of view, enzymes from 

microbial sources operating at alkaline pH were shown to be 

one of the most efficient in the hydrolysis of fish proteins [19]. 

This study was designed to facilitate enzymatic protein 

hydrolysis of catfish (Clarias batrachus) muscle using 

subtilisin in order to characterise its biochemical properties 

and proximate composition as affected by hydrolysis time. 

II.  MATERIALS AND METHODS   

A. Materials 

     Clarias batrachus, sized 0.3 - 0.5 kg were bought from 

Bangi Wet Market, Selangor. AccQ Fluor reagent kit and 

AccQ Tag eluent were obtained from Sigma (Sigma-Aldrich 

Chemical Co., USA). Amino acid standards were purchased 

from Pierce (Rockford, IL, USA). Subtilisin and other 

chemicals of analytical grade were purchased from Sigma 

(Sigma–Aldrich).  

B. Protein Hydrolysis 

        For enzymatic hydrolysis, catfish muscle was mixed with 

distilled water (2% w/v). The mixture was adjusted to the 

enzyme pH of 8 and temperature of 55°C as suggested by 

manufacturer. The sample was incubated for 30, 60, 120 and 

180 min with subtilisin ratio of 1% (w/w). ). Each solution was 

heated at 90°C for 10 min to inactivate the protease and 

centrifuged at 3000 g for 20 min at 4°C to remove the 

insoluble materials. The supernatant was lyophilized and 

stored at -80°C for further experiments. 

C. Degree of Hydrolysis 

       Degree of hydrolysis (DH) was calculated as described by 

Hoyle & Merit [20]. After hydrolysis, 20 ml of FPH was 
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added to 20 ml of 20% (w/v) TCA to produce 10% TCA 

soluble material. The mixtures were left to stand for 30 min to 

allow precipitation, followed by centrifugation (7800 × g for 

15 min). The supernatant was analyzed for protein content by 

using the Kjeldahl method [21]. The degree of hydrolysis 

(DH) was computed as the formula below:  

DH (%) = (10% TCA soluble nitrogen in the sample /Total 

nitrogen in the sample) x 100%  

D. Peptide Content 

       The peptide contents of catfish protein hydrolysates 

(CPH) were measured by the method of Church et al. [22] 

using o-phthaldialdehyde (OPA) spectrophotometric assay. 50 

ml of fresh OPA reagent was prepared by mixing 25 ml of 100 

mM sodium tetra hydroborate, 2.5 ml of 20% (w/w) sodium 

diodecyl sulphate, 40 mg of OPA solution (dissolved in 1 ml 

of methanol) and 100 ml of b-mercaptoethanol and then 

adjusted the volume to 50 ml with deionized water. 50 µl of 

CPH, containing 5–100 µg protein, was mixed with 2 ml of 

OPA reagent and incubated for 2 min at room temperature. 

The absorbance at 340 nm was measured with a 

spectrophotometer (Model UV-160A, Shimadzu, Kyoto, 

Japan). Leucine was used as a standard to quantify the peptide 

content.  

E. Amino Acid Profile 

Amino acid composition of purified hydrolysate was 

measured according to Alaiz et al. [23]. Samples were 

hydrolysed with 5 ml 6 N hydrochloric acid (HCl) in a closed 

test tube, shaken for 20 min and then kept in oven for 24 h at 

110°C. Internal standard a-aminobutyric acid was added to the 

hydrolysed samples and filtered through a nylon 0.2 mm 

cellulose acetate membrane filter (Whatman No. 1). 

Derivatization of amino acid was done at 55°C in a heating 

block for 10 min. Separations of amino acid was carried out on 

a C18 AccQ-Tag amino acid analysis column (150 x 3.9 mm, 

Waters, USA). The column temperature was set at 37°C with a 

flow rate set at 1 ml/min. AccQ Tag Eluent A and AccQ Tag 

Eluent B or 60% acetonitrile acid was used as the mobile 

phase. The UV detector was operated at 248 nm (for peak 

identification), and the fluorescence detector was with a 250 

nm excitation and a 395 nm emission wavelength (for amino 

acid quantification). The hydrolysed sample was then analysed 

using an automatic amino acid analyser (Waters Corporation, 

USA) equipped with Waters 717 Autosampler. Alkaline 

hydrolysis was also done for determination of tryptophan 

level. 

F. Proximate Composition 

Crude protein content was determined using Kjedahl 

method, AOAC 981.10 [21]. One gram of sample, one Kjeltec 

catalyst tablet and 10mL H2SO4 were put into Kjedahl tube 

and digested for 2 hr at 420°C. The product was then made 

basic with 30% (w/v) NaOH before distillation into 0.1M HCl 

and titration against 0.25M NaOH. The factor used to convert 

nitrogen into crude protein was 6.25. Moisture content was 

determined with a modified version of the AOAC 925.04 [21]. 

10g of sample was oven-dried at 105oC for 24 hr and the 

water content of the sample was gravimetrically determined. 

Fat content was determined by using Soxhlet extractor 

(Behrotest, Behr Labor Technik Gro bH, Dusseldorf, 

Germany). The dried sample was inserted into a Soxhlet tube 

and petroleum ether was recycled though the sample for 2 hr. 

Remaining ether was evaporated and the sample was dried at 

105°C overnight. Fat content was then calculated 

gravimetrically. The ash content was analyzed using a 

modified version of AOAC 938.08 [21]. The water and fat free 

sample was combusted in the furnace at 550°C for 12 hr and 

the ash content was determined gravimetrically.   

G. Statistics 

Each treatment was conducted in triplicate. The results 

were presented as mean ± standard deviation and subjected to 

an analysis of variance (SPSS 14, SPSS Inc., 2005) in order to 

determine significant statistical differences among samples. 

Data analysis was carried out using One-way Analysis of 

Variance (ANOVA) and the mean comparisons were run by 

Duncan’s multiple range test. The differences in means 

between the samples were determined at the 5% confidence 

level (P < 0.05). 

III. RESULTS AND DISCUSSION 

Compared to animal or plant derived enzymes, microbial 

enzymes offer several advantages, including a wide variety of 

available catalytic activities, and higher pH and stability of 

temperature [24]. Subtilisin or its commercial name; Alcalase®, 

is an alkaline bacterial protease which has proven to be one of 

the best enzymes used for producing fish protein hydrolysates 

[13,16,20,24]. Fish protein hydrolysates produced by subtilisin 

tend to have less bitter components compared to those made 

with papain [20]. The cost of the enzyme may influence the 

economy and commercial viability of the process [13], and 

subtilisin may exhibit a lower cost per unit of enzyme activity 

compared to other enzymes that could be utilized [24]. 

Properties of protein hydrolysates are mainly dependent on 

the primary structure of the peptide residuals as a consequence 

of the substrate protein, the substrate pretreatment, the 

proteolytic enzymes, and the hydrolysis conditions. A careful 

choice of process parameters is essential to successful 

hydrolysis [25]. The extent of hydrolysis is monitored using 

degree of hydrolysis. DH is defined as the percentage of the 

total number of peptide bonds in a protein which have been 

cleaved during hydrolysis [26]. In current study, the degree of 

hydrolysis of C.batrachus depends on the reaction time (Fig. 

1). The highest DH value of 59% was obtained at maximum 

incubation time (180 min) for subtilisin-assisted hydrolysis. 

The DH values were significantly increased (p < 0.05) with 

increasing hydrolysis time. The result was in agreement with 

previous studies. Study by Herpandi et al. reported the degree 

of hydrolysis of skipjack flesh treated with Alcalase increased 

linearly with the increment of hydrolysis time [27]. The DH of 

yellow stripe trevally was found to increase with longer the 

incubation time and higher enzyme concentration [28]. Norma 

et al. reported the same conclusion on the hydolysis of 

threadfin bream by Alcalase [29].  

The increasing DH value resulted from dynamic hydrolysis 

kinetics. Subtilisin-assisted hydrolytic curve of C.batrachus 

(Fig. 1) exhibited an initial fast reaction rate. Thereafter, the 

rate of enzymatic hydrolysis decreased and reached a 

stationary phase. Such shapes of hydrolysis curves were 

similar to those previously published for salmon muscle [30] 

and cod muscle [31]. In the initial period of hydrolysis, a large 

number of peptide bonds were cleaved, leading to an increase 

of soluble peptides in the reaction mixture. Meanwhile in the 

second stage, the reaction speed decreases. This may due to 

some enzyme partial inactivation [32]. In addition, an increase 

of peptides may also act as effective substrate competitors to 

the undigested or partially digested proteins [33]. 

Quantitatively the peptide content of CPH was affected by 
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hydrolysis time (Fig. 2). At maximum incubation time (180 

min), the peptide content of subtilisin-treated CPH was 7200 

µg/ml. The result also indicated that increasing hydrolysis 

time from 0 min to 180 min increased the peptide content  of  

 
FIGURE 1. Effect of hydrolysis time on degree of hydrolysis of 

C.batrachus protein. 

 

CPH. From these results, we infer that the peptide content 

increased with increasing hydrolysis time as more peptides are 

released as a result of proteolytic enzymes activity. 

Table 1 showed the amino acid composition of CPH. The 

hydrolysates were rich in glutamic acid, lysine and aspartic 

acid. Studies by Ghassem et al. and Hou et al. found glutamic 

acid and aspartic acid to be higher compared to other amino 

acids in the reported fish protein hydrolysates [34,35]. CPH 

samples contain the essential and nonessential amino acids. 

Fish muscle hydrolysates produced by other researchers are 

reported to have all the essential and nonessential amino acids 

[34,35,36].  Based on the total amino acids, the composition of 

essential amino acids are 42.85%, 43.61%, 43.92% and 

44.05% of the CPH incubated for 30 min, 60 min, 120 min and 

180 min respectively. Several studies have reported high 

essential amino acids composition of the fish protein 

hydrolysate including those of herring [8] and round scad 

muscle hydrolysate [12]. 

Table 2 presented the proximate composition of raw catfish 

and CPH at different hydrolysis time. The protein content of 

CPH was significantly higher (p < 0.05) than that of the raw 

catfish sample. The high protein content reported for fish 

protein hydrolysates is due to solubilization of proteins during 

hydrolysis and removal of insoluble solid matter by 

centrifugation [8,37]. There was no significant difference in 

protein content between all CPH samples. Similar trend was 

reported in the sardinella byproducts hydrolysate [38] as well 

as Pacific whiting muscle hydrolysate [39]. The amount of 

protein content in spray-dried sardinella byproducts 

hydrolysate and freeze-dried Pacific whiting muscles 

hydrolysate were within the range of 72 – 75% and 85 – 88% 

respectively. The fat, moisture and ash content of CPH was 

significantly lower (p < 0.05) than raw C.batrachus. Other 

studies also reported low fat, moisture and ash contents in fish 

hydrolysates [12,39,40]. The low fat content of fish protein 

hydrolysates is due to the removal of lipids and insoluble 

protein fractions by centrifugation [37]. The low moisture 

content of protein hydrolysates is related to the type of sample 

and the effect of freeze drying. During the process, the sample  

 
FIGURE 2. Effect of hydrolysis time on peptide content of 

C.batrachus protein. 

 
 TABLE 1. Amino acid profile of C.batrachus protein 

hydrolysates. 
    TAA, total amino acids; TEAA, total essential amino acids 

    CPH30, 30min incubated CPH; CPH60, 60min incubated CPH; CPH120,   
    120min incubated CPH; CPH180, 180min incubated CPH            

 

loses most of its moisture [41]. In general, there were no 

significant differences in fat, moisture and ash content 

between all CPH samples with different hydrolysis time. CPH 

samples contained 0.95 – 1.06% fat content. This result was in 

agreement to the study of Pacific whiting muscles and 
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sardinella byproducts hydrolysates, which reported no 

significant different in fat content between different DH 

[38,39]. CPH possessed low ash content, which is in the range 

of 0.70-0.72%. The low ash content of samples might due to 

the minimal addition of alkali required for pH adjustment and 

its control during the hydrolytic process. 

 
TABLE 2. Proximate compositions of raw C.batrachus and 

catfish protein hydrolysates. 
Control, raw catfish.  

 a b Means with different superscripts within a column are significantly 
different (P<0.05) 

IV. CONCLUSION  

Degree of hydrolysis and peptide content of CPH were 

significantly affected by hydrolysis time. In contrast, the 

amino acids profile and proximate composition of CPH 

samples were not significantly affected by incubation time. 

Nevertheless C.batrachus protein hydrolysates prepared by 

subtilisin demonstrated a high protein content as well as high 

peptide and amino acid content. Therefore, the CPH may 

potentially serve as a good source of useful nutrients and 

bioactive peptides for application in health, food and other 

industries. 
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