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Introduction

In the fishing industry, most of them only use the
meat part, while the rest are waste, for example, heads,
bones, fins, and innards, which are less than optimally
utilized. The fish-processing industry generates and
discards a significant volume of waste each year,
accounting for as much as 60% of the harvested
biomass (Siddik et al., 2021). Waste is a low-quality
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Abstract

Trypsin is a protease that breaks protein peptide bonds. Fish intestines can
be used as an alternative raw material for trypsin. Trypsin enzymes from the
intestines of different fish species have different characteristics. This study
aimed to determine the characteristics and stability of trypsin enzyme in NaCl
extracted from fish intestines based on differences in fish species. Trypsin
activity was optimal at 50 °C and pH 8, with specific activity values of 0.5993
U/mg in rabbitfish, 0.3880 U/mg in sharks, and 0.6964 U/mg in flatfish. The
maximum reaction speed (V, ) was the highest for trypsin from the intestine
of rabbitfish (0.2585 mmol/s), followed by flatfish (0.1042 mmol/s), and shark
(0.0599 mmol/s). The lowest K  value was obtained for trypsin from sharks
(0.4084 mM), followed by flatfish (1.0253 mM), and rabbitfish (4.5952 mM).
Trypsin from the intestines of rabbitfish and flatfish was stable in NaCl solution
(concentration 5-30%), as it can maintain a relative activity of more than 50%.
In contrast, trypsin extracted from the intestines of milk fish had a relative
activity below 21%. The average molecular weights of the three trypsin
enzymes were 26.8, 27.2; and 21.9 kDa, respectively. Differences in the type
of fish affected trypsin enzyme activity. Flatfish are omnivorous, and rabbitfish,
as herbivores, have better enzyme activity values than sharks, as carnivores.
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Muallifah (2017) reported that pig and cow pancreases
are widely used as raw materials for the manufacture
of this enzyme. However, the use of pig pancreas as
an enzyme source has become controversial owing to
concerns regarding its halal certification. Cattle are also
feared to cause transmission of Bovine Spongiform
Encephalopathy (BSE) or mad cow disease (Trismillah
et al., 2014). Halal and health issues encourage the
substitution of other raw materials.

raw material that, if not utilized, can cause problems.

This has resulted in economic losses and environmental
issues. Fish processing waste and by-products can be
found in the intestines of fish (Nurhayati et al., 2023).
Fish intestines are known to be an abundant source of
digestive enzymes, especially as a good source of
digestive proteases. Intestinal waste from fish has the
potential to serve as an alternative raw material for
trypsin enzymes. Trypsin enzyme (EC 3.4.21.4) is an
enzyme that acts as a protein peptide bond breaker.
Trypsin is an enzyme produced by the pancreas by a
zymogen called the trypsinogen. According to Elgendy
and Abdelrasool (2016), this enzyme is found in the
digestive systems of many mammals and vertebrates.

Trypsin is an important bioactive compound in
plants (Pamungkas et al., 2022). A digestive enzyme
belonging to the serine protease group, trypsin
hydrolyzes proteins on the carboxyl side of the amino
acids arginine and lysine (Kulsum & Nugrahapraja,
2023). Different types of fish can affect enzyme
characteristics owing to their internal and external
factors. The types and living environments of fish can
influence the characteristics of trypsin derived from
them. Environmental factors included food,
temperature, pH, and water salinity. Different fish food
habits produce different enzymatic activities. Fish were
divided into three categories based on their eating habits:
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herbivores, omnivores, and carnivores. Research
conducted by Gioda et al. (2017) showed that trypsin
protease activity varies among carnivorous,
herbivorous, and omnivorous freshwater fish. Trypsin
from fish living in cold waters typically exhibits optimal
temperature and stability at lower temperatures than
fish inhabiting tropical habitats or mammals (Arbajayanti
et al., 2021).

The purified enzyme showed an alkaline pH of 8.5-
11, stability at temperatures of 40-50 °C, and a
molecular weight of 23-28 kDa. Trypsin enzymes
extracted from the intestines of freshwater or seawater
fish exhibit a high level of reactivity under extreme
conditions (dos Santos et al., 2016). The ability of
trypsin enzymes to function under extreme conditions
has led to their widespread application in various fields.
These extreme conditions include temperature, pH, and
substrate concentration. The stability of trypsin from
sardine viscera at high pH and low temperatures
suggests that this enzyme has promising applications
in both the detergent and food industries (Manni et al.,
2024). The NaCl concentration can also affect the
activity of trypsin enzymes (Villalba-Villalba et al.,
2017). The activity of the trypsin enzyme, which is
stable towards NaCl concentration, can be used in
industry, one of which is in the food sector. Trypsin
can improve the quality of fish sauce (Rianingsih et
al., 2016). Adding 0.3% of the enzyme to fish sauce
products with a NaCl concentration of 20% can
increase the degree of hydrolysis and lower TVB, TMA,
and pH values. This causes spoilage microorganisms
to produce alkaline substances that can evaporate easily.
Ketnawa et al. (2017) noted that trypsin enzymes can
also be used to produce protein hydrolysates and surimi
products. The surimi industry and insulin precursors
are fields that use trypsin (Mao et al. 2018; (Zhang et
al., 2020). Trypsin is used as an ingredient in insulin
production, which converts insulin precursors into
insulin esters and can accelerate the healing of damaged
tissues and aid in wound recovery (Harini et al., 2021).

The applications of the trypsin enzyme play an
important role in humans, and the need for enzymes is
increasing every year. Based on data from GVR (2020),
the global enzyme market is worth USD 11.47 billion
in 2021, and is projected to continue to rise. The
increase in the demand for enzymes is due to the
development of a Compound Annual Growth Rate
(CAGR) of 6.5%. The demand for enzymes continues
to increase owing to the availability of alternative raw
materials, such as fish intestinal waste. The abundant
potential of fish intestinal waste can meet the increasing
need for enzymes. We hope that the availability of these
raw materials can help overcome halal, health, and
environmental problems. Research on trypsin enzymes
is very important because it can determine the

characteristics of each type of fish used, making it
appropriate for industrial applications. There is a need
for research to analyze the relationship between the
characteristics and stability of the intestinal trypsin
enzyme in different types of fish, namely rabbitfish,
shark, and flatfish. This study aimed to determine the
characteristics and stability of trypsin enzyme in NaCl
extracted from fish intestines based on differences in
fish species.

Material and Methods

Materials and Tools

The intestines of rabbitfish (Siganus canaliculatus),
shark (Rhizoprionodon acutus), and flatfish
(Pleuronectiformes) were the main materials used in
this study. Rabbitfish and sharks were obtained from
Muncar Waters, Banyuwangi, East Java, whereas
flatfish were obtained from Palabuhan Ratu, Sukabumi,
West Java. The other materials used for analysis were
N-4-benzoyl-DL-arginine-p-nitroanilide (BAPNA)
(Sigma-Aldrich, Missouri, United States), Bovine
Serum Albumin (BSA) (AppliChem, Darmstadt,
Germany), distilled water, DMSO (Sigma-Aldrich,
Missouri, United States), HCI (Merck, Darmstadt,
Germany), CaCl, 2H,0 (Merck, Darmstadt, Germany),
NaCl (Merck, Darmstadt, Germany), SDS (Merck,
Darmstadt, Germany), glycerol (Merck, Darmstadt,
Germany), a-mercaptoethanol (Sigma-Aldrich,
Missouri, United States), and Coomassie Brilliant Blue
R-250 (Bio-Rad Laboratories, Inc. United States). Tools
used for trypsin enzyme characterization included an
analytical balance (OHAUS AX224, New Jersey, US),
spectrophotometer UV-Vis (Rayleigh, Beijing, China),
pH meter (Hanna Instruments, Rhode Island, US),
vortex mixer (DLAB MX-S, US), centrifuge (OHAUS
FC5718R, New Jersey, US), incubator, and
micropipette (Thermo Fisher Scientific).

Methods

Trypsin Enzyme Extraction

Trypsin was extracted from the intestines of the
rabbitfish, sharks, and flatfish. The intestines were
separated from the other fish innards and cleaned to
remove adhering dirt. Extraction was performed
according to the method described by Bougatef et al.
(2008) with modifications. Intestinal samples were cut
into pieces (x 1-1.5 cm), and liquid nitrogen was added
and ground using a mortar and pestle. The sample was
then suspended in buffer (50 mM Tris—HCI, pH 8.0)
at a ratio of 1:4 (w/v) between the sample and buffer.
The mixture was homogenized and centrifuged at 9,
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500 x g for 30 min at 4°C. The supernatant (crude
extract of trypsin) was separated for further analysis.

Trypsin Enzyme Preparation

The trypsin enzyme crude extract was frozen and
thawed. The thawing process was performed at room
temperature (£25°C) using ice cubes to maintain a cold
temperature (£16°C) until the enzyme melted,
approximately +15-20 minutes. The thawed enzyme
was characterized.

Characteristics of Trypsin Enzyme

The initial stage of this test involved the preparation
of the BAPNA solution. BAPNA solution was prepared
by dissolving 0.0435 g BAPNA in 1 mL DMSO, then
dissolved with Tris HCI 0.05 M containing CaCl, 2H,0
0.02 M to 100 mL. BAPNA was then added to the
enzyme samples and incubated for 10 min. A 30% acetic
acid solution was added to a volume of 1 mL and the
mixture was incubated at the same temperature and
time. Absorbance was measured using a
spectrophotometer at 410 nm. A blank was prepared
similarly by replacing the sample with distilled water.
Testing the characteristics of trypsin enzyme in the
intestines of rabbitfish, sharks, and flatfish includes
several tests. The tests performed were as follows:

Determination of Optimum Temperature

The optimum temperature for the trypsin enzyme
based on its activity of the trypsin enzyme was
determined by mixing the enzyme with the substrate.
The procedures described by Nurhayati et al. (2020)
BAPNA substrate (2.5 mL of BAPNA substrate was
mixed with trypsin (0.05 mL) at pH 8. The enzyme-
substrate solution was incubated using different
temperature treatments, namely 30, 40, 50, 60, and
70°C for 10 minutes using a water bath. Subsequently,
1 mL of acetic acid solution was added, and the mixture
was incubated for 10 min. The absorbance of the
solution was measured using a UV-Vis
spectrophotometer at 410 nm.

Determination of Optimum pH

The optimum pH was determined based on enzyme
activity, and trypsin was used in the same way as the
optimum temperature determination method. The
procedures described by Nurhayati et al. (2020). The
quantities used to determine the stable pH of the trypsin
enzyme were pH 6, 7, 8, 9, and 10. The buffer used
was a 0.05 M Tris buffer. The analysis was performed
by mixing 2.5 mL of the BAPNA substrate (pH 6-10)

with 0.05 enzyme solution. The enzyme-substrate
solution was incubated at the optimal temperature for
10 min, and then 1 mL of acetic acid was added. The
absorbance of the solution was measured using a UV-
Vis spectrophotometer at 410 nm.

Trypsin Enzyme Kinetics

Trypsin enzyme kinetics procedure was described
by Lehninger (1997). Enzyme kinetic analysis was
carried out by preparing BAPNA substrates at different
concentrations. This analysis was performed to
determine the relationship between the concentration
of the substrate used and its enzyme activity at
concentrations of 1, 1.5, 2.5, 3 and 3.5 Mm. The
analysis results were then calculated using the
Michaelis-Menten equation, modified into a linear form
called the Lineweaver-Burk equation. The equation used
is as follows:

1 _ 1 Km
VO~ Vmax T Vmax 5]
Information:

V= Initial velocity at substrate concentration
[S]= Substrate concentration
V, .= Maximum speed

K = Michaelis-Menten constant for a particular
substrate

V... showed the fastest reaction rate at the highest
substrate concentration. K can be determined from
the reaction speed profile at different substrate
concentrations. The result of the equation was entered
into the conversion table of the relationship between
concentrations of substrate and enzyme activity, and a

graph of the relationship between them was made.
The Effect of NaCl on Enzyme Activity

The effect of NaCl on enzyme activity was tested
by preparing NaCl solutions of various concentrations,
namely, 5, 10, 15, 20, 25, and 30% (w/v). The
procedures described by Nurhayati et al. (2020). The
enzyme samples were mixed with various
concentrations of NaCl at a ratio of 1:1 (v/v) at room
temperature for 30 min. Trypsin activity was tested
using the BAPNA substrate (optimum pH) and then
incubated for 10 min at the optimum temperature. Next,
1 mL 30% acetic acid was added to the solution and
incubated for 10 min. The absorbance of the filtrate
was measured using a spectrophotometer at 410 nm.
The absorbance data were analyzed using UV-Vis
spectrophotometry to determine trypsin enzyme activity
after adding NaCl solution.
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Trypsin Enzyme Molecular
Measurement (SDS-PAGE)

Weight

The molecular weight of the trypsin crude extract
was measured using SDS-PAGE (Laemmli, 1970). This
test had several stages, starting with the pretreatment
process. Pretreatment was carried out by mixing 10
uL of the sample obtained from the protein
concentration of trypsin crude extract with 10 pL of
sample buffer (0.125 M Tris-HCI pH 6.8, 4% SDS,
20% glycerol, and 10% Bmercaptoethanol (BME)). The
solution was vortexed, centrifuged for 1 min, and stored
at 0 °C. In the second stage, stocking gels with 3%
and 15% concentrations were used. Samples were
mixed with buffer, placed into the wells (20 uL), and
run. Running samples were carried out using a current
of 24 mA/gel and 70V voltage for 15 min, then
continued at 170V for 1 h or until the band on the
marker reached the gel lower limit. The next stage is
coloring. Gel staining was carried out using 0.1%
Coomassie Brilliant Blue (CBB) R-250 in 50% methanol
and 7% acetic acid to be left alone for one hour, then
rinsed using 7% acetic acid until the band was visible.

Analysis Procedure

Trypsin Enzyme Activity Analysis

Enzyme activity was determined using the method
described by Arbajayanti (2022), with modifications.
The initial stage of the analysis was the BAPNA solution.
BAPNA solution was prepared by dissolving 0.0435 g
BAPNA in 1 mL DMSO, then dissolved with Tris HCI
0.05 M containing CaCl, 2H,0 0.02 M to 100 mL.
Enzyme samples (0.05 mL) were added to 2.5 mL,
then incubated at 60 °C for 10 min. A 30% acetic acid
solution was added to a volume of 1 mL and the mixture
was incubated at the same temperature and time.
Absorbance was measured using a UV-Vis
spectrophotometer at 410 nm. Blanks were prepared
by replacing the samples with distilled water.

Analysis of Trypsin Enzyme Protein
Concentration

Protein concentration testing was carried out
according to Bradford’s method (1976) by adding 0.1
mL of enzyme solution to a test tube containing 5 mL
of Bradford reagent. After treatment with Blanko, the
enzyme solution was replaced with distilled water. The
solution was then vortexed and incubated for 5 min at
35 °C. The absorbance of the solution was measured
at a wavelength of 595 nm using a spectrophotometer.
The protein standard used was Bovine Serum Albumin
(BSA) Fraction. The protein standards were prepared

by dissolving 20 mg of BSA 9 in 20 mL of distilled
water to obtain a 1 mg/mL BSA stock solution. The
next step was to make a dilution series of 0.1 to 1 mg/
mL. The series, 0.1 mL of solution was diluted, 5 mL
of Bradford solution was added, left for 30 min, and
the absorbance was measured at a wavelength of 595
nm.

Statistical Analysis

Quantitative data from the research results were
processed using Microsoft Excel 2013, and analysis
of variance (ANOVA) was performed using the
Statistical Product and Service Solutions (SPSS)
application. Research data can be categorized as
normally distributed if they have a significance value
greater than & (&4 =0.05). Data values that were normally
distributed were then analyzed by ANOVA analysis of
variance at the 95% confidence level (o = 0.05) in
SPSS. The results of the data obtained show that the
data are significantly different (significance value <0.05)
and not significantly different (significance value>0.05).
Data that were significantly different (significance value
<0.05) were subjected to Duncan’s test. The
relationship between trypsin activity and fish species
was analyzed using Principal Component Analysis
(PCA). The observed variables included fish-eating
habits and enzyme activity. The variable of fish-eating
habits was used to determine its relationship with trypsin
enzyme activity. Data were processed using the
XLSTAT 2022 software in Microsoft Excel 2013.

Results and Discussion

Trypsin Enzyme Activity

The results of the analysis of variance indicated
that there were no significant differences among fish
types (significance value < o), warranting further
Duncan tests. Subsequent Duncan tests demonstrated
that while fish type did not affect the specific activity
of the trypsin enzyme, it did influence the overall
enzyme activity. This suggests that different types of
fish affect the resulting enzyme activity. The highest
specific activity was found for trypsin in flatfish
(0.6964 £ 0.1024 U/mg). Rabbitfish had the second
highest enzyme activity, amounting to 0.5993 + 0.0295
U/mg, whereas the lowest order was shark trypsin
enzyme activity (0.3880 + 0.0712 U/mg). This is a
crude enzyme. Commercially available pure enzymes,
one of which is produced by pharmaceutical
companies, have a specific activity of 250-2500 U/
mg. These results were obtained after a long process
of processing and refining. Table 1 compares the
specific activity of several types of fish.
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Table 1. The specific activity of enzymes from different fish species

No. Different of fish Specific activity (U/mg) Reference

1 Flatfish 0.6964 + 0.1024 research result

2  Rabbitfish 0.5993 + 0.0295 research result

3  Shark 0.3880 £ 0.0712 research result

4  Yellowfin tuna 0.049 Nurhayati et al., 2023

5 Bigeye tuna 0.158 Nurhayati et al., 2023

6 Kawakawa tuna 0.29 Nurhayati et al., 2020

7  Sardine 2.28 Khandagale et al., 2017
8 Catfish 2.09 dos Santos et al., 2016

These values are higher compared to the specific
activity of the trypsin enzyme in yellowfin tuna (0.049
U/mg), bigeye tuna (0.158 U/mg) (Nurhayati et al.,
2023), and Kawakawa tuna (0.29 U/mg) (Nurhayati et
al., 2020). However, it is lower when compared with
the specific activity of the trypsin enzyme from viscera
oil sardines 2.28 U/mg (Khandagale et al., 2017) and
in catfish pyloric caeca, 2.09 U/mg (dos Santos et al.,
2016). Factors that influence trypsin activity are
classified into external and internal factors. Fahisyah
et al. (2019) stated that several external factors,
including temperature, pH, volume, and concentrations
of enzymes, substrates, cofactors, and enzyme
inhibitors, can influence the enzymatic activity of a
reaction. Other external factors were also mentioned
by Hani et al. (2018), namely temperature, fish
environment, environmental seasons, and food, and
internal factors such as fish size, age, and origin. The
factors influencing the action of trypsin can cause an
increase or decrease in trypsin enzyme activity.

Characteristics of Trypsin Enzyme

Optimum Temperature

Temperature testing of the trypsin enzyme aims to
determine at what temperature the trypsin enzyme can
work optimally. Optimal temperature testing was
performed using five test points in a temperature range
of 30-70°C at 10 °C intervals. The results of testing
trypsin enzyme activity at different temperatures are
shown in Figure 1.

The analysis of variance results revealed that
differences in fish types did not significantly affect
trypsin enzyme activity at different temperatures
(significance value < a). Therefore, further Duncan’s
test is warranted. Duncan’s test results demonstrated
that the optimal temperature for trypsin enzyme activity
across all three fish species was 50 °C, with the highest
activity observed in flatfish. The optimum temperature
was similar to that used in the previous studies.
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Figure 1. Trypsin activity at pH 8 with different incubation temperatures in the intestines of () rabbitfish, ()

shark, and (9 flatfish
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Temperature affects whether enzymes are active or
inactive (Deeth, 2021). A temperature increase that
exceeds the optimum limit can cause damage or
denaturation of enzymes, whereas a temperature
decrease below the optimum limit results in enzyme
inactivation. According to Larassagita et al. (2018),
using eel fish samples, the enzyme sample was optimal
at 50 °C. The findings of studies on bigeye tuna by
Nurhayati et al. (2023) and catfish by dos Santos et al.
(2016) were consistent in that trypsin preferred a
temperature of 50. This optimum temperature was
lower than that of trypsin from Sardinella longiceps
(Khandagale et al., 2017) and tuna (Nurhayati et al.,
2020), with an optimum temperature of 60°C.

The difference in activity was due to the specific
optimum temperature for each fish species. Fish have
different habitats at different ambient temperatures,
resulting in differences in the optimum incubation
temperature of the enzyme (Rungruangsak, 2014).
Temperature affects fish digestion by influencing the
gut evacuation rate and by determining digestive enzyme
activity (Solovyev et al., 2021). The optimum
temperature for each fish enzyme was different, which
can be attributed to different fish habitats. The high
optimal temperature may be due to the fish habitat,
which usually lives in warm waters. According to
Namjou et al. (2019), there is a direct correlation
between habitat temperature and thermal stability of
fish trypsin. These variations might stem from the
temperature of the fish’s natural habitat or the specific
experimental conditions employed during the
evaluations (Zamani et al., 2023). Another factor is the
difference in the substrate. Trypsin belongs to the
alkaline proteinase group and cannot properly bind to
substrates under acidic conditions (Dos Santos et al.,
2016). The trypsin enzyme can still function even

though it is not at its optimum temperature. The
movement of enzyme molecules slows, and the rate
of enzyme-substrate complexes decreases if the
temperature is lowered below the optimum
temperature. The enzyme can still function, but is very
slow. Using temperatures above the optimum causes
some enzyme molecules to undergo changes that
prevent them from forming compounds with the
substrate; thus, the reaction rate is slow. An increase
in temperature also causes most enzyme molecules to
become inactive, and the enzyme molecules undergo
permanent changes.

pH Temperature

Trypsin enzyme can work optimally if it gets a
favorable environment. A pH test was performed to
determine the effect of pH on the trypsin enzyme
activity. This test was conducted using pH values
ranging from 6 to 10. The test results are shown in
Figure 2.

Analysis of variance suggested that differences in
fish types did not have a significant effect (significance
value < o) on trypsin enzyme activity at different pH
levels, thus necessitating further Duncan tests.
Duncan’s test results revealed that the optimal pH for
trypsin enzyme activity across all three fish species
was 8, with the highest enzyme activity observed in
flatfish. The higher the pH value, the higher the enzyme
activity; however, after pH 8, the enzyme activity
decreased again. Trismillah et al. (2014) mentioned that
changes in the degree of ionization of the acid and
base groups of the enzyme will affect the speed of
enzyme reactions. Enzymes have a specific pH range
that can affect their optimal and stable activities. In
this study, trypsin enzyme activity was generally stable
over a wide pH range; from pH 6 to 10, the enzyme
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Figure 2. Trypsin activity at 50 °C with different pH in the intestines of () rabbitfish, (s) shark, and (9 flatfish
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could still function, and at pH 8, the highest enzyme
activity was observed. Trypsin exhibits high stability
within a range of alkaline pH values (Manni et al., 2024).

This result is the same as that reported by Nurhayati
etal. (2023) using yellowfin tuna, unicorn leatherjacket
(Zamani & Benjakul, 2016), thornback ray (Lassoued
et al., 2015), common kilk (Zamani et al., 2014),
catshark (Blanco et al., 2014), and Sardinella longiceps
(Khandagale et al., 2017), which had an optimum pH
of 8. This pH value is different from those of several
other fish trypsin enzymes. The trypsin enzyme from
S. basilica research results in Charu & Ragini (2020)
was active between pH 4.0 and 1.0, with an optimum
around pH 8.5. Klomklao et al. (2014)used the trypsin
enzyme from Pacific saury to obtain an optimum pH
of 8.5. With Atlantic cod samples, Stefansson et al.
(2017) reported a stable pH range of 8.5 11. Assays to
define the optimal pH revealed more significant trypsin
enzyme activity in golden grey mullets at pH 10 (Bkhairia
et al., 2016). The type of fish and its genetic
characteristics, location, habitat, and anatomy
determine the optimal pH for the trypsin enzyme
(Vannabun et al., 2014). The difference in optimum
pH can occur because of irreversible protein
denaturation, which causes a decrease in BAPNA
hydrolysis by pure trypsin at low and high pH. It has
been proposed that pH stability correlates with the
charge acquired by the enzyme at various pH levels
(Jesus-de la Cruz et al., 2018). Enzymes have a
specific chemical structure and a certain pH range for
reactions; therefore, enzymes are sensitive to changes
in pH. Changes in pH that are more acidic or basic
cause a denaturation process in the three-dimensional
structure of the enzyme, resulting in the cessation of
enzyme activity. Most enzymes undergo irreversible
denaturation in acidic or alkaline solutions, resulting in

loss of activity. Patil et al. (2023) explained the
denaturation of trypsin under a very alkaline pH, in
which the repulsive force of the negative charge of
the trypsin molecule was dominant. This may have
caused an altered conformation, thus losing its activity.
Nurkhotimah et al. (2017) reported that enzymes
function efficiently in a relatively small pH range in
their environment; this is because the enzyme structure
begins to change, and the substrate cannot bind back
to the active side of the enzyme.

Trypsin Enzyme Kinetics

This test uses a substrate, BAPNA, with
concentrations of 1; 1.5; 2; 2.5; 3; and 3.5. The effect
of the substrate concentration on trypsin enzyme
activity is shown in Figure 3. The results of the
enzymatic reaction speed tests are shown in Figure 4.

The substrate concentration can influence the
activity of trypsin. The results of the measurements
taken at various substrate concentrations are presented
in Figure 4. Analysis of variance suggested that
differences in fish types did not have a significant effect
(significance value < a) on trypsin enzyme activity at
different substrate concentrations, thus necessitating
a further Duncan test. Duncan’s test results revealed
that the optimum substrate concentration for the trypsin
enzyme across all three types of fish was 3.5 mM,
with the highest activity observed in the rabbitfish
intestine. The activity value of rabbitfish intestinal
trypsin enzyme at a concentration of 3.5 mM was 0.123
U/mL. The trypsin enzyme level in the intestines of
sharks and flatfish tends to be constant, which differs
from that in rabbitfish. Enzyme samples from sharks
had enzyme activities ranging from 0.043 to 0.055U/
mL, and those from flatfish ranged from 0.051 to 0.080
U/mL. According to Fahisyah et al. (2019), the
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Figure 4. Reaction rate on trypsin enzyme activity in the intestine of () rabbitfish, (s) shark, and () flatfish.

substrate concentration increases the enzyme reaction
rate; however, no reaction occurs at a specific substrate
concentration.

The Lineweaver-Burk equation was used to
calculate the V__ and K of the sample. The highest
rate that can be achieved in a reaction is the reaction
rate (V). V., values of trypsin in rabbitfish, shark,
and flatfish were 0.2585, 0.0599, and 0.1042 mmol/s,
respectively. Enzyme kinetics, often known as the rate
of enzyme activity, guide the maximal application of a
particular enzyme and its concentration for a specific
substrate (Srinivasan, 2022). The highest K value
obtained in this study was obtained with shark trypsin
(0.4084 mM). Trypsin enzymes from flatfish and
rabbitfish had K_values of 1.0253 and 4.5952 mM,
respectively. Chrisman et al. (2023) stated that the lower
the K value, the better the enzyme-substrate complex.
This is because enzymes have a strong affinity or ability
to bind to substrates. Using specific substrate
concentrations at certain temperatures and pH values
causes enzymes to have different V__ and K_ values.
Proteases with higher and more efficient substrate-
binding capacities could be important biotechnological
tools for peptide synthesis and the food industry.

The Effect of NaCl on Enzyme Activity

Testing of the trypsin enzyme in an environment
that had been added with different concentrations of
NaCl was carried out to see its effect on the activity
of the trypsin enzyme. The results of the tests on the
effect of NaCl on the activity of trypsin enzyme from
the intestines of rabbitfish, shark, and flatfish are
presented in Figure 5.

The objective of testing the stability of the trypsin
enzyme against salt concentration, specifically NaCl,
was to assess the extent of the influence of salt on
trypsin enzyme activity. The results depicting trypsin
enzyme activity across different NaCl concentrations
are shown in Figure 5. The trypsin activity in all fish
species fluctuated in response to varying salt
concentrations. Moreover, analysis of variance revealed
that differences in fish types did not significantly affect
trypsin enzyme activity at various NaCl concentrations,
thus necessitating further Duncan tests.

Duncan’s test results demonstrated that NacCl
concentration did not significantly affect trypsin
enzyme activity across all three fish species, with the
highest activity observed in the intestines of rabbitfish.
Furthermore, the relative activity remained notably high
in fresh rabbit intestine trypsin, maintaining activity
levels above 50%. The trypsin enzyme activity of
rabbitfish intestines when not treated with salt was
0.17 U/mL, and when treated with different salts, 5-
35% was still stable at 0.11-0.15 U/mL. Trypsin from
sharks had the lowest relative activity value, dropping
to 91% at an NaCl concentration of 15%. Enzyme
activity decreased slightly with increasing NaCl
concentration (Lamas et al., 2017). The decrease in
activity may be due to the denaturation effect of the
salt on the enzymes. Owing to relatively high salt levels,
the low value of unstable enzyme activity can be caused
by enzyme salting out. The increase in ionic strength
can be caused by high salt levels and the use of high
temperatures, thereby increasing protein denaturation,
which causes the trypsin enzyme activity to decrease.

Nurhayati, T., et al.,

Page 138 of 143



Squalen Bull. Mar. Fish. Postharvest Biotech. (2024) 19(2): 131-143

B

8

Relative activity (%)
8 & 8 8

15%

(=]

n 5 10 15
MaCl concentration (%)

20 25 a0

Figure 5. Effect of NaCl concentration on trypsin enzyme relative activity in the intestine of (%) rabbitfish, (s)

shark, and (¢ flatfish.

Trypsin Enzyme Molecular

(SDS-PAGE)

Weight

Qualitative testing of protein content or molecular
weight of the trypsin enzyme can use electrophoresis.
The electrophoresis method used is sodium dodecyl
sulfate—polyacrylamide gel electrophoresis known as
the SDS-PAGE method with Coomassie brilliant blue
(CBB) staining. The results of testing the molecular
weight of trypsin enzyme from the intestines of
rabbitfish, sharks, and flatfish are shown in Figure 6.

The molecular weight of the trypsin enzyme
subjected to SDS-PAGE was determined using the
photocap software. Enzyme molecules migrate from
the negative pole to the positive pole under the influence
of electricity. Enzyme molecules migrate based on their
molecular weight and migration rate in an electric field.
The molecular weight of trypsin in each sample was
measured by SDS-PAGE. The SDS-PAGE results
showed that shark intestinal trypsin was the trypsin
with the most protein bands detected (10 bands). The
trypsin enzyme from flatfish intestines had nine bands.
The trypsin enzyme from the flatfish intestine had the
fewest bands, namely six bands. Trypsin enzymes from
rabbitfish, sharks, and flatfish intestines were tested
in each replicate. The average molecular weights of
the three trypsin enzymes were 26.8, 27.2; and 21.9
kDa. Khangembam & Chakrabarti (2015) reported that
the molecular weight of Cirrhinus mrigala trypsin is
21.7 kDa. SDS-PAGE analysis demonstrated that the
molecular weight of trypsin enzymes extracted from
catshark (Scyliorhinus canicula) was 28 kDa (Blanco
et al., 2014). The molecular weight of trypsin from
golden gray mullet (Liza aurata) was determined to be

23 kDa (Bkhairia et al., 2016). Based on these results,
the molecular weight of the trypsin enzyme from
rabbitfish, shark, and flatfish intestines was determined.

These data are different from the results of a study
by Nurhayati et al. (2023), who reported that the
molecular weights of trypsin enzymes extracted from
yellowfin and bigeye tuna were identical, accounting
for 29.192 and 29.346 kDa, respectively. The molecular
weight of trypsin was found to be 27 kDa in other
studies performed on catfish (Luphiosilurus alexandri)
(Dos Santos et al., 2016), Qil Sardine (Sardinella
longiceps) (Khandagale et al., 2017), and Thunnus
albacares (Arbajayanti et al., 2021). The differences
in the results were due to several factors, such as
differences in species and purification treatments.
Variations in habitat, climate, autolytic degradation, and
genetic diversity among fish species may account for
the differences in the molecular weights of trypsins
from different sources (Zamani et al., 2023). This
property improves the performance of the subsequent
ammonium sulfate fractionation and gel filtration
chromatography stages. Heating during purification
affected the results obtained. Heating eliminates
thermolabile proteins and promotes hydrolysis of
thermostable contaminating proteins. Poonsin Poonsin
et al. (2019) also found that genetic variations may
cause different molecular weights in fish trypsin.

Principal Component Analysis (PCA) of Fish
Types on Trypsin Enzyme Activity

Principal component analysis (PCA) is an analysis
that aims to determine the relationship between each
type of fish and trypsin enzyme activity. This analysis
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Table 2. Correlation matrix (Pearson)

Variable rabbitfish Shark flatfish
rabbitfish 1 0,066 0,681
Shark 0,066 1 0,546
flatfish 0,681 0,546 1
ka -
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Figure 6. Trypsin enzyme molecular weight (SDS-PAGE). (M) marker, (1) rabbitfish intestine trypsin, (2) shark
intestine trypsin, and (3) flatfish intestine trypsin.
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Figure 7. The biplot model for the relationship between fish species and enzyme activity parameters (based on
temperature, pH, substrate concentration and NaCl concentration).
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can help to determine the main factors that dominate
the identification of these fish. The correlation of each
type of fish in this PCA analysis can be seen from the
size of the resulting correlation matrix, which is close
to 1; the closer the value, the stronger the relationship.
The Pearson’s correlation matrix (Pearson) is presented
in Table 2.

Correlation matrix values based on Table 1 show
that rabbitfish correlate highly with flatfish fish. Sharks
also showed high correlation with flatfish. The fish
with the highest correlation matrix value were rabbitfish
to flatfish (0.681), followed by shark to flatfish (0.546).
This shows that flatfish are closely related to rabbitfish
and sharks because flatfish are included in the
omnivorous fish group. Omnivorous fish can eat both
herbivorous and carnivorous fish; therefore, the close
relationship between flatfish is stronger than that
between rabbitfish and shark. The biplot model for the
relationship between fish species and enzyme activity
parameters (based on temperature, pH, substrate
concentration, and NaCl concentration) is shown in
Figure 7.

The biplot model in Figure 7 shows that the shark
is a carnivorous fish with good enzyme activity at
temperatures of 50 °C and 60 °C, substrate
concentration of 3.5 mM, NaCl concentration of 0%,
and pH 8 because it is in the same quadrant, namely,
quadrant 1. Omnivorous fish, namely flatfish, and
herbivorous fish, namely rabbitfish, have the same
characteristic parameters in quadrant 2. The types of
omnivorous fish are almost in a straight line with the
positive x-axis; therefore, the parameters of this
omnivorous fish can influence the types of fish in both
quadrants 1 and 2. This indicated that the trypsin activity
of omnivorous fish was stable.

The results of this study can be used as a trypsin
enzyme candidate for application in products that are
not influenced by its specific activity. In the future,
this crude trypsin enzyme could be applied to food
products, such as soy sauce, meat tenderizers, and
the leather industry. To maximize and improve the
quality, enzymes need to be further processed through
purification to increase the effectiveness of their use
and specific activity to compete with commercial
enzymes and meet market needs.

Conclusion

Trypsin from rabbitfish, sharks, and flatfish
intestines showed optimum activity at a temperature
of 50 °C, pH of 8, and substrate concentration of 3.5
mM. The trypsin enzyme in the intestines of flatfish

has a higher enzyme activity value than that in the
intestines of rabbitfish and sharks, but the trypsin
enzyme in rabbitfish can maintain its relative activity
at NaCl concentrations above 50%. The average
molecular weights of the three trypsin enzymes from
the intestines of rabbitfish, sharks, and finfish were
26.8, 27.2; and 21.9 kDa. Differences in the type of
fish affected trypsin enzyme activity. Flatfish are
omnivorous, and rabbitfish, as herbivores, have better
enzyme activity values than sharks, as carnivores. The
results of this study could potentially become enzyme
candidates to be developed and applied to food products
and the leather industry.
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