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ABSTRACT

Snakehead fish (Channa striata) is a high-
value fishery commodity with high protein
content, especially albumin. However,
optimal utilization remains a challenge,
especially for the meat, which has so far
only been sold whole or as fillets. Meeting
the demand for fish protein hydrolysate is
highly beneficial as a source of amino acids,
functional food ingredients, and dietary
supplements, as well as for increasing the
added value of snakehead fish into a
superior product in the form of HPI using
pepsin enzymes. This study aims to obtain
the best results from variations in
concentration and hydrolysis time on the
functional properties of HPI. This study will
evaluate the effect of enzyme concentration
variations (1 and 2%) and hydrolysis time (4
and 6 hours) on yield, degree of hydrolysis,
and protein content. The method used is a
laboratory experiment with a completely
randomized factorial design. Data analysis
showed that yield was not affected by
concentration or time factors or the
interaction between the two, while the
degree of hydrolysis was significantly
affected by concentration and the interaction
between the two factors but was
significantly not affected by time. In
contrast, protein content was significantly
affected by time but was significantly not
affected by concentration and the interaction
between concentration and time. The best

results based on yield, degree of hydrolysis,
and protein content of snakehead fish HPI
were obtained using a pepsin enzyme
concentration of 2% and a hydrolysis time
of 6 hours.

Keywords: amino acids, degree of
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INTRODUCTION

Snakehead fish (Channa striata) is a
freshwater commodity rich in protein with
high albumin content and potential as a
source of functional protein (Zakaria et al.,
2007; Mustafa et al., 2012; Dewita et al.,
2022). Various studies have reported that
snakehead fish protein has physiological
benefits, such as accelerating wound healing
and improving nutritional status, making it a
potential candidate for development into
high-value-added food or nutraceutical
ingredients (Mustafa et al., 2012;
Suprayitno et al., 2020).

The utilization of fish protein in the form of
protein hydrolysates has gained increasing
attention due to their enhanced functional
properties and bioactivities compared to
intact proteins (Kristinsson & Rasco, 2000;
Klompong et al., 2007; Shahidi & Zhong,
2008; Chalamaiah et al., 2012). The
enzymatic hydrolysis process can produce
small peptides that are easily digestible and
have potential biological activities, such as
antioxidant and antihypertensive properties
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(Kristinsson & Rasco, 2000; Chalamaiah et
al., 2012). One of the most widely used
protease enzymes is pepsin, which functions
optimally under acidic conditions and is
effective in hydrolyzing fish proteins into
smaller peptides and amino acids (Benjakul
et al., 2014, Idowu & Yupanqui, 2025).
However, most studies on fish protein
hydrolysates still focus on marine fish, such
as tuna, sardines, and mackerel, using
alkaline enzymes such as alcalase and
papain. Studies on freshwater fish protein
hydrolysates, particularly snakehead fish,
are still limited, especially those using
pepsin  enzymes.  Additionally, the
physicochemical characteristics of
snakehead fish protein hydrolysates, such as
the degree of hydrolysis, proximate
composition, and protein profile, have not
been widely studied.

The limited information available indicates
a gap in research on the effect of pepsin
enzyme use on the characteristics of
snakehead  fish  protein  hydrolysate.
Therefore, the novelty of this study lies in
the use of pepsin enzyme to produce
snakehead fish protein hydrolysate and the
systematic study of its characteristics, which
is expected to enrich scientific data on the
use of freshwater fish as a source of
functional protein.

This research is important in the context of
diversifying the utilization of snakehead fish
and increasing the added value of local
fishery products. The objectives of this
study are to examine the characteristics of
snakehead fish protein hydrolysate produced
through hydrolysis using pepsin enzymes,
including physicochemical properties and
protein characteristics, as a basis for
developing functional food or nutraceutical
products based on local resources.

MATERIALS & METHODS

Materials and Tools

The main ingredient used is fresh snakehead
fish obtained from local markets and
cleaned of scales, heads, bones, and entrails.
Pepsin enzyme (activity >250 U/mg protein)
is used as a hydrolysis agent. The chemicals

used include distilled water, 1 N HCI and 1
N NaOH for pH adjustment, as well as
proximate and protein analysis reagents.
The equipment used includes a blender,
water bath shaker, pH meter, analytical

balance, centrifuge, oven, UV-Vis
spectrophotometer, and laboratory
glassware.

Preparation of Raw Materials

The snakehead fish meat is washed with
running water, drained, then blended until a
homogeneous paste is obtained. The fish
paste is then stored at a temperature of £4°C
before being used for hydrolysis to prevent
protein degradation (Kristinsson & Rasco,
2000).

Protein Hydrolysis Process

Catfish paste is mixed with distilled water at
a ratio of 1:2 (w/v) (Saputra et al., 2000),
then the pH of the mixture is adjusted to pH
2 using 1 N HCI (Agustiari, et al., 2019).
Pepsin enzyme is added at concentrations of
1 and 2% w/w protein. Hydrolysis is carried
out at 37°C for 4 and 6 hours using a water
bath shaker. After hydrolysis was complete,
the enzyme was inactivated by heating at
90°C for 10 minutes. The hydrolysate was
then cooled and centrifuged at 4,000 rpm for
15 minutes to separate the supernatant. The
supernatant obtained was the snakehead fish
protein hydrolysate and was used for further
analysis.

Analysis of Hydrolysate Characteristics
Yield

Analysis of fish protein hydrolysate yield
generally refers to the methods used by
Kristinsson &  Rasco  (2000) and
Chalamaiah et al. (2012), which state that
hydrolysate yield is determined based on the
ratio of dry hydrolysate weight to initial raw
material weight or initial protein weight.

Hydrolysis Degree
The degree of hydrolysis (DH) is
determined using the

trinitrobenzenesulfonic acid (TNBS) or o-
phthaldialdehyde (OPA) method to measure
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the amount of free amino groups formed
during the hydrolysis process (Nielsen et al.,
2001).

Protein Content

Protein content was determined using the
Kjeldahl method in accordance with AOAC
(2016). This method is the international
standard method for total protein analysis in
foodstuffs, including fishery products and
protein hydrolysates.

Statistical Analysis
The study was conducted wusing a
completely randomized design (CRD)

factorial with two factors, namely pepsin

enzyme concentration and hydrolysis time.
The pepsin enzymes used were 1 and 2%,
while the hydrolysis times were 4 and 6
hours. Each treatment was performed in
three replicates (Montgomery, 2017). The
data obtained were statistically analyzed
using analysis of variance (ANOVA) at a
95% confidence level. If there were
significant differences, they were followed
up with Duncan or Tukey post hoc tests
(Granato et al., 2014).

RESULT

Based on the research data, the average
protein hydrolysate of snakehead fish is
presented in Table 1.

Table 1 Test Results of Snakehead Fish Protein Hydrolysate Characteristics

Parameters Perlakuan (Persentase: Jam)

1%: 4 1%: 6 2%: 4 2%:6
Yield (%) 9.53+0.36* | 10.87 +0.50° | 8.34 +0.58* | 11.22 +0.40*
Protein content 78.05+2.17% | 80,32 +2,19* | 73.16 + 1.80° | 86.74 + 1.96°
(%)
Hydrolysis degree (%) | 16.89 +0.98° | 17.40 +0.94* | 15.28 + 1.40* | 22.05 + 1.38°

The same superscript letter on the same line
indicates no difference.

DISCUSSION

The results showed that the yield of
hydrolyzed snakehead fish protein ranged
from 8.34 to 11.22%. The difference in
yield values between treatments shows that
hydrolysis conditions, such as enzyme
concentration or hydrolysis time, affect
protein breakdown efficiency. The highest
yield was obtained in the fourth treatment
(11.22 £ 0.40%), while the lowest yield was
found in the third treatment (8.34 = 0.58%).
The increase in yield is generally related to
the increased effectiveness of pepsin in
breaking down the peptide bonds of fish
protein into water-soluble peptide fractions,
thereby increasing the amount of
hydrolysate that can be separated. These
results are in line with the report by
Kristinsson and Rasco (2000), which states
that the yield of protein hydrolysate is
greatly influenced by the intensity of the
hydrolysis process.

The protein content of the hydrolysate of
snakehead fish protein ranged from 73.16 to
86.74%, indicating that the product was
classified as a high-protein hydrolysate. The
fourth treatment showed the highest protein

content (86.74 + 196%) and was
significantly ~different from the third
treatment (73.16 =+ 1.80%), but not

significantly different from the first and
second treatments. The high protein content
indicates that the hydrolysis process using
pepsin enzyme was able to effectively
dissolve the fish protein fraction, while the
non-protein components were relatively
less. According to Chalamaiah et al, (2012),
fish protein hydrolysates generally have
high protein content due to the release of
small, water-soluble peptides during the
enzymatic hydrolysis process.

The degree of hydrolysis (DH) of snakehead
fish protein hydrolysate ranged from 15.28
to 22.05%, with the highest value obtained
in the fourth treatment (22.05 = 1.38%),
which was significantly different from the
other treatments. The DH value reflects the
degree of peptide bond cleavage during the
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hydrolysis process; a higher DH indicates
that more peptide bonds have been degraded
into peptides and free amino acids. An
increase in DH in certain treatments
indicates that the hydrolysis conditions are
more optimal for pepsin activity, which
works optimally at acidic pH and is capable
of specifically hydrolyzing fish protein.
These results are consistent with Adler-
Nissen (1986), who stated that the degree of
hydrolysis is influenced by the type of
enzyme, enzyme concentration, and
hydrolysis duration.

Overall, the relationship between yield,
protein content, and degree of hydrolysis
shows an interrelated trend. Treatment with
a higher degree of hydrolysis tends to
produce higher yields and protein content of
the hydrolysate, although not always in
direct proportion. This is because an
excessively high DH can potentially
produce very small peptides that may be lost
during the separation process. However, in
this study, the use of pepsin enzyme is still
considered appropriate.

The results of this study confirm that pepsin
enzyme has the potential to be used in the
production of high-quality hydrolysed
snakehead fish protein, as indicated by high
protein content and moderate to high degree
of hydrolysis. The hydrolysate produced has
the potential to be further developed as a
functional food ingredient or nutraceutical
raw material based on local freshwater
fishery resources.

CONCLUSION

The conclusions from this research activity
are:

Based on the results of the study, the
hydrolysate of snakehead fish protein
produced through hydrolysis using pepsin
enzyme had a yield of 8.34-11.22%, a
protein content of 73.16-86.74%, and a
degree of hydrolysis of 15.28-22.05%.
These differences indicate that hydrolysis
conditions affect the characteristics of the
resulting protein hydrolysate.

Treatment with 2% pepsin enzyme and a
hydrolysis time of 6 hours showed the best

results with the highest yield (11.22%), the
highest protein content (86.74%), and the
highest degree of hydrolysis (22.05%), so it
can be concluded that this treatment is the
most optimal hydrolysis condition in this
study. The high protein content and degree
of hydrolysis indicate the effectiveness of
pepsin enzyme in breaking down snakehead
fish protein into water-soluble peptides.

The Suggestion from this research activity
are:

Overall, the use of pepsin enzyme has been
proven effective in producing hydrolyzed
snakehead fish  protein with  good
characteristics and has the potential to be
developed as a functional food ingredient or
value-added product based on freshwater
fishery resources.
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