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Abstract
Pepsin is a proteolytic enzyme that is commonly used in the food industry. 
Pepsin can be extracted from the stomach of tuna fish. Tilapia has a high 
protein content. Thus, it can be used as an alternative for surimi paste raw 
materials. This study aimed to determine the concentration of pepsin enzyme 
from tuna stomachs that could improve the quality of red tilapia surimi 
paste. The concentrations of pepsin added to surimi were 0%, 2.5%, 5.0% 
and 7.5% (v/w). The effect of adding pepsin was examined by salt soluble 
protein, pH, chemical and physical characteristics, whiteness degree, and 
the sensory acceptances of the generated tilapia surimi. The results showed 
that the addition of pepsin to surimi paste significantly increased the strength  
of surimi gel, folding test, and salt-soluble protein. Surimi with the addition 
of 2.5% pepsin showed the most acceptable results compared to 0% pepsin 
with 77.99% moisture content, 14.88% protein content, pH 7.01, salt-soluble 
protein 0.833 mg/mL, gel strength 2,030.04 g/cm2, whiteness 88.3%. The 
sensory test of tilapia surimi with the addition of 2.5% pepsin revealed the 
appearance value of 7.80, the folding test of 5.57, and the bite test of 6.4.
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Introduction
Surimi is stabilized salt soluble protein concentrate 
made from deboned and washed fish meat. 
Industrially, fresh white flesh fishes, including 
threadfin bream, Pacific hake, and Alaska pollock, 
are widely utilized in the production of surimi-based 
products. Because the over exploitation affect 

the decrease of these stocks1 thus, requiring 
inexpensive raw materials from the freshwater fish 
can be used realistically by seafood manufacturers 
for more sustainable production of surimi. Currently, 
the use of freshwater fish can unravel the stock 
crises of the surimi industry, including tilapia,  
which has been successfully cultivated commercially.
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Globally, tilapia has become the second-most-
farmed fish after carp. Tilapia production has 
multiplied during the last few decades because of the 
ease of the farming system, low production cost, and 
good market demand.2 Tilapia has thick flesh with  
a meat yield of up to 40%, and it has a protein content 
of up to 15.36%.3 These characteristics allow ample 
room for the utilization of tilapia as an alternative 
source of surimi. Nevertheless, the weak gel-forming 
capacity and high pigment content of tilapia is  
a concern.4 Myofibrillar content in surimi has an 
important functional requirement on the gel formation 
and sensory preference of surimi-based products. 
Hence, there is a demand to advance the textural 
properties of surimi generated from freshwater 
fish. Several strategies have been performed  
to enhance the grade of surimi from freshwater, such 
as increasing the washing cycle of surimi, adding 
starch, and increasing salt concentration. However, 
the last two options severely impair the flavour  
of their corresponding surimi gel. Moreover, raising 
the washing cycle will increase the water quantity 
and washing time in surimi production. The addition 
of a small amount of functional protein, peptide,  
or enzyme in surimi production is emerging to 
increase the quality of surimi without diminishing  
its sensory property.

To improve the textural properties of surimi gel, 
several food additives are used, for instance, pepsin. 
Pepsin is a proteolytic enzyme that can accelerate 
the hydrolysis of proteins into smaller amino acids 
and peptides under acidic conditions by splitting the 
peptide bonds between hydrophobic and aromatic 
proteins.5 Pepsin which is commonly used in food, 
usually originates from pork or porcine pepsin. 
However, pork as a raw material for pepsin has 
caused the rejection of certain products in several 
communities and countries concerning health 
and religious issues. The raw material source  
of pepsin that can be used as a substitute for 
porcine pepsin is fish offal. The previous research 
has been explored maximizing marine products 
to generate pepsin, such as tuna stomach waste 
included as a raw material for protease sources,6 
tuna pepsin,7 yellowfin tuna gastric tract pepsin,8,9 
and pepsin catfish and milkfish.10 Another source 
of pepsin raw material is tuna gastric tract, most  
of which can be obtained from tuna processing 
waste. Tuna stomach pepsin is an alternative that 

has the potential to replace porcine pepsin in the 
food sector, for example, surimi offers an alternative 
halal pepsin source.

The surimi gelation process occurs when the protein 
is unfolded into uncoiled polypeptide segments 
and then reacts at a certain point to form a three-
dimensional cross-network. Unfolded protein folding 
can be influenced by heating factors and acid  
or alkaline treatment.11 The protease enzyme is 
thought to play a role in the transformation of surimi 
proteins from folded into unbound polypeptides, 
and then surimi will fold again after going through 
the cooking stage. The tuna gastric enzyme is an 
economical marine resource to generate surimi. 
Nevertheless, it lacks information about the role  
of pepsin in the quality of surimi from freshwater fish. 
Herein, in this study, we examined further research 
to determine the right concentration of pepsin 
enzyme from tuna stomachs to improve the quality  
of red tilapia surimi paste.

Materials and Methods
Materials
The materials used in this study included the 
stomach of yellowfin tuna (Thunnus albacares), 
red tilapia (Orechromis niloticus), trichloroacetic 
acid (TCA) (Emsure, for analysis), tris base 
(Sigma-Aldrich), hydrochloric acid (Merck., for 
analysis), natriumhydrogencarbonate (Merck, for 
analysis), bovine hemoglobin (Sigma), sorbitol, 
sucrose, coomassie brilliant blue (Merck), 95% 
ethanol (Merck), 85% orthophosphoric acid 
(Merck, for analysis), bovine serum albumin 
(Sigma), protein marker (Bio-Rad). The tools 
used in the research include analytical scales 
(Quattro), homogenizer (Nissei Am-Series), 
centrifuge (Beckman Coulter Model J2-21), pH 
meter (HANNA instruments), spectrophotometer 
(UV-Vis Genesys 10 Thermo), water bath shaker 
(18-one digital waterbath), colour meter RGB-1002 
(Lutron Electronic Enterprise), texture analyzer 
(Stable Micro System type TA-xt2i), and particle  
size analyzer (VASCO).

Methods
The research was carried out in two stages: 1) 
characterization and extraction of pepsin from 
yellowfin tuna stomach, 2) processing surimi pastes 
of red tilapia fish induced by the pepsin.
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Chemical Composition and Gastric Pepsin 
Extraction of Yellowfin Tuna
The sample used was the stomach of yellowfin 
tuna (Thunnus albacores) obtained from Gorontalo, 
Indonesia. The hulls were shipped using Styrofoam 
containers added with ice to keep the stomach 
temperature low. Arriving at the laboratory, the 
stomach was stored in the freezer (-20°C).  
Tuna stomach preparation followed the previous 
method,12 and the proximate of the tuna gastric was 
determined according to AOAC.13 The extraction  
of gastric pepsin was conducted according  
to the method of Bougatef.14 Tuna gastric pepsin 
was analyzed for their enzyme activity,15 protein 
concentration16 and molecular weight.17

Processingand Characterization of Red Tilapia 
Surimi Paste
The raw material used for processing surimi was 
red tilapia (Oreochromis niloticus) obtained from 
the Aquaculture Experimental Pond, Faculty  
of Fisheries and Marine Science, IPB University, 
Indonesia. The processing of red tilapia surimi paste 
refers to Indonesian National Standard of surimi SNI 
2694: 201318. The surimi paste was made by with 
homogenizing red tilapia fillet. The fish meat was 
washed with cold water (1:4 (w/v)) to maintain the 
temperature at 0-5°C for 10 minutes. The washing 
step was done twice. The meat of the fish was 
squeezed using a calico cloth so that no water  
is dripping. The surimi paste was then separated 
from the remaining scales, fish tendons, and spines 
until a suitable meat was obtained. Lubricate the 
meat plus cryoprotectant in the form of 2% (v/w) 
sorbitol and 2% (w/w) sucrose and mixed until  
evenly distributed.

Surimi paste is added with crude extract of tuna 
stomach pepsin with concentrations of 0%, 2.5%, 
5%, and 7.5% (v/w). Surimi paste was tested  
for moisture content, ash content, fat content, protein 
content,13 pH,19 White degrees were objectively 
assessed using the RGB-1002 whiteness meter,19 
and salt-soluble protein.16 Surimi heating referred 
to the previous method.20 Surimi paste was heated  
at 40°C for 90 minutes then heated again at 90°C 
for 30 minutes. The resulting kamaboko was then 
cooled for 10 minutes using ice water and then tested 
for gel strength21 and sensory analysis according 
SNI 2694: 2013.18 Surimi sensory consisted of 3 
parts, namely appearance, fold test and bite test with  

a sensory value of minimal 7.18 The appearance 
test is carried out to assess the amount of fibers 
and surface appearance of the surimi. The folding 
test is carried out to assess cracks in the kamaboko.  
The bite test was carried out to assess the strength of 
the gelation in the form of elasticity in the kamaboko. 
The gel strength is evaluated by texture analysis, 
where gel strength is calculated based on the  
value of gel strength (g.force) to expand the  
probe used (cm2).

Data Analysis
The data obtained were then tested for normality 
using the Shapori - Wilk test to determine whether 
the error distributes normally or not. The data  
is said to be distributed normally if the p-value is  
≥ α (α = 0.05). Analysis of variance used to analyze 
and mean comparison was performed by Duncan`s 
multiple range tests.22 All the data were represented 
as mean ± SD. Error bars in Figure results denote 
standard deviation with the mean of triplicate data.

Results
Crude Extract and Molecular Weight of Gastric 
Pepsin of Yellowfin Tuna
Crude pepsin extract of yellowfin tuna stomach 
had an activity value of 523.5 U/mL. The protein 
concentration of crude extract of pepsin obtained 
was 0.29 mg/mL.Spesificactivity of the enzyme 
was 1,805.17 U/mg.The molecular weights  
of pepsinogen and crude extracts of tuna gastric 
pepsin were observed using sodium dodecyl 
sulphate polyacrylamide gel electrophoresis (SDS-
PAGE). The results of the analysis of the molecular 
weight of pepsinogen and crude extract of pepsin 
were measured using markers with known molecular 
weight (20-150 kDa). The measurement results 
reveal that pepsinogen had a molecular weight  
of 35.64 kDa, while the crude extract of pepsin had 
a molecular weight of 31.84 kDa.

Chemical Composition of Red Tilapia Surimi
Analysis of the chemical content of surimi observed 
included moisture content, ash content, fat content, 
and protein content. The addition of pepsin shows 
no effects on the chemical composition of red tilapia 
surimi (p>0.05). The results of the chemical content 
analysis of surimi with the addition of different 
pepsin concentrations can be seen in Table 1. 
Table 1 shows that the moisture content of surimi 
is ~78% and protein content ~14%. As the pepsin 
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concentration increased, there was no change in 
surimi's moisture, ash, lipid, and protein content. 
Importantly, the overall parameter of the chemical 

composition of surimi red tilapia met the standard 
of commercial surimi.

Table 1. Chemical composition of surimi from red tilapia

Chemical   Treatment 
composition (%) 
 Pepsin 0% Pepsin 2.5% Pepsin 5% Pepsin 7.5%

Moisture 78.60±0.17ab 77.99±0.24a 79.08±0.65b 78.62±0.49ab

Ash 0.34±0.05a   0.28±0.02a   0.28±0.04a   0.22±0.01a

Lipid 0.31±0.22a   0.46±0.18a   0.45±0.16a   0.50±0.06a

Protein  14.48±1.51a 14.88±0.39a 14.44±0.32a 15.87±0.87a

Superscript with different letters in the same row indicates significant difference (p <0.05).

Ph Value of Red Tilapia Surimi
The pH value is an indicator used to measure 
the acidity level of a material. The pH value is an 
important factor because it is related to the speed 
of denaturation of myofibrils protein in a surimi-
based product. The optimum pH value in producing 

surimi gel which is elastic and chewy is 6.5-7.5.  
The addition of pepsin can cause changes in the 
acidity level of red tilapia surimi. The results of the 
analysis of the pH value of surimi with the addition 
of different pepsin concentrations can be seen  
in Figure 1.

Fig.1: Evaluation of pH value of surimi from red tilapia induced by different concentration of pepsin

Different letters indicate a significant difference 
(p<0.05); The error bars denote the standard 
deviation (n = 3).

Figure 1 showed that the pH value of surimi 
decreases as the increasing concentration  
of pepsin is added (0, 2.5, 5, and 7.5%)—the tilapia 
surimi without adding pepsin exhibited normal pH 
(7.16±0.01) than other surimi with the inclusion 
of pepsin. The addition of 2.5% pepsin exhibited 

decreased pH value (7.01±0.01). The pH value 
of tilapia surimi with the addition of 5 and 7.5% 
showed a similar decreasing trend, where the pH 
of those surimi showed 6.65 and 6.50, respectively. 
After 7.5% of pepsin was included in surimi,  
the pH decreased by 9.12% compared to surimi with 
0% pepsin. This finding indicates that the increase 
of 2.5% concentration on each level induced  
the decrease of pH of about ~0.1 per treatment.
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Salt Soluble Proteinof Surimi from Red Tilapia
Salt soluble protein or myofibril protein is an 
important factor in determining the gel-forming ability 
of fish meat. The addition of pepsin to surimi paste 
causes changes in the value of salt-soluble protein. 
The results of the analysis of salt soluble protein 
surimi with the addition of pepsin with different 
concentrations can be seen in Figure 2. The addition 
of pepsin had a significant effect on the salt soluble 
protein of surimi (p<0.05).

Fig. 2: Evaluation of salt soluble protein value 
of surimi from red tilapia induced by different 

concentration of pepsin

Different letters indicate a significant difference 
(p<0.05); The error bars denote the standard 
deviation (n = 3) 

The salt soluble protein or myofibril content showed 
a similar increasing trend as the concentration  
of pepsin increased from 0, 2.5, and 5%. Surimi with 
0% of pepsin exhibited the lowest myofibril content 
(0.739 mg/mL) than that surimi with 2.5 and 5 % 
of pepsin (0.833-0.869 mg/mL). Conversely, the 
surimi with the 7.5% pepsin displayed a decrease 
in myofibril than the surimi with 5% pepsin. 
Additionally, the surimi with 7.5% showed no 
significant value with the surimi with 2.5% of pepsin. 
The decrease of salt soluble protein indicates that 
the highest concentration of pepsin could increase 
the cleavage of protein, thus making it denature to a  
small molecule of protein monomer.

Gel Strength 
The gel strength indicates the success of the gelation 
process in making surimi. Gel strength analysis was 
carried out on kamaboko tilapia. The results of the 

analysis of the strength of kamaboko gel with the 
addition of different pepsin concentrations can be 
seen in Figure 3.

Fig. 3: Evaluation of gel strength value of 
surimi from red tilapia induced by different 

concentration of pepsin

Different letters indicate a significant difference 
(p<0.05); The error bars denote the standard 
deviation (n = 3).

Gel strength is a critical factor in surimi. Technically, 
it was measured to evaluate the minimum standard 
of surimi-based products and predict the acceptance 
of consumer preferences. The gel strength of surimi 
shows an increasing trend as the concentration 
of pepsin increases, where the surimi with 0%  
of pepsin displayed the lowest gel strength (1761 
g/cm2) compared to that surimi with 2.5% and 5%  
of pepsin (2030 – 2143 g/cm2). In contrast, the surimi 
with 7.5% pepsin showed a decreased gel strength 
compared to the 5% surimi gel strength. Interestingly, 
these results revealed a similar trend to the previous 
myofibril profile, where the highest concentration  
of pepsin shows an adverse effect on the gel strength 
surimi. Surprisingly, surimi with the addition of 2.5 
and 5% of pepsin showed no significant difference 
(p<0.05), indicating the different myofibril content 
accomplishes not affect the gel strength of surimi, 
particularly between 2.5 and 5% of pepsin.

The Whiteness of Surimi from the Red Tilapia 
The whiteness of the product indicates the loss  
of lipids, blood, and other pigments from the washing 
process. The good quality of surimi is characterized 
by its high gel strength and whiteness. The addition 
of pepsin affects the whiteness of the surimi.  
The results of the analysis of the white degree 
of surimi with the addition of different pepsin 
concentrations can be seen in Figure 4
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Different letters indicate a significant difference 
(p<0.05); The error bars denote the standard 
deviation (n = 3).

The whiteness of the surimi is a significant 
indicator of the final surimi-based product.  
Figure 4 showed the decreasing trend of whiteness 
as the concentration of pepsin increases in the surimi. 
Surimi without pepsin (0%) showed the highest level 
of whiteness (90.8%), revealing the surimi from  
red tilapia have a high quality of generated product 
of surimi. In contrast, surimi with 2.5 and 5% pepsin 
exhibited a decreased level of whiteness of surimi. 
Surimi with 2.5 and 5% pepsin addition showed 
88.3 and 88.8% whiteness degrees, respectively.  
Both concentrations revealed no significant 
whiteness degree of generated surimi. This finding 
indicates that 2.5 and 5% gave a similar response 
to the quality of surimi. Conversely, the addition  

of 7.5% pepsin displayed a significant decrease  
of whiteness degree to 81.5%.  

Sensory of Kamaboko from Red Tilapia Surimi
The results of the sensory surimi test with the 
addition of different pepsin concentrations can be 
seen in Table 2. There is no significant effect on the 
overall appearance and the bite test result of surimi. 
The increase of sensory value is only revealed 
from the folding test, where the addition of 5% had 
a higher acceptance of sensory value than those 
other concentrations. The result is in line with the 
gel strength of surimi, which shows the highest gel 
strength with 5% pepsin, but there is no significant 
value of those parameters between 2.5 and  
5% (p>0.05). Thus, the lowest concentration  
of pepsin (2.5%) shows a comparable result to the 
surimi with 5% pepsin. 

Fig. 4: Evaluation of whiteness degree of surimi from red tilapia induced by different 
concentration of pepsin

Table 2: Sensory performance of surimi from red tilapia

  Treatment/ Sensory value*
Parameter
 Pepsin 0% Pepsin 2.5% Pepsin 5% Pepsin 7.5%

Appearance 7.67±1.02a 7.80±1.01a 8.00±1.13a 8.07±1.09a

Folding test 5.07±1.53a 5.57±1,38ab 6.20±1.13b 4.93±1.23a

Bite test 6.13±1.46a 6.47±1.38a 6.60±1.61a 6.00±1.36a

*The range of sensory value = 1-9.
Superscript with different letters in the same row indicates significant difference (p <0.05).

Table 2 is currently showing the sensory characteristic 
induced by different concentrations of pepsin.  

Since pepsin is categorized as a food additive, only 
a small amount is required to significantly affect 
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the sensory parameter. The sensory testing using  
a 9-point scale exhibited that the appearance of the 
surimi is similar (7-8). This finding first displays that 
the red tilapia surimi has a suitable mark property 
that meets the standard of commercial surimi.  
The overall visual appeal of surimi is categorized 
as 'like moderately' on the scale of 9 points sensory 
scale. The biting test exhibited 'slightly strong' test 
score categories due to the inclusion of pepsin. 
In contrast, the addition of 2.5 and 5% shows  
a significant folding test parameter value (p<0.05). 
The range of the folding test is ~6 indicates that no 
crack occurs of surimi if folded in two, but a crack 
occurs if folded in four. As the folding test is one  
of the most important functional and sensory 
properties of surimi, therefore 2.5% of pepsin 
is selected due to its gentle performance of the 
generated surimi.

Discussions
With the increase in global demand for the surimi-
based product, a significant effort has been 
addressed to develop surimi ingredients, particularly 
to enhance the quality of surimi either from the 
nutritional aspect or from the physicochemical 
properties and sensory parameters. One emerging 
technology in the surimi industry is to insert a small 
amount of food additive to increase their quality. 
Instead of increasing the washing cycle of surimi 
or adding the additional flour, which will affect the 
economic consideration of the industry of surimi, 
the addition of enzymes shows a promising result in 
expanding the properties of surimi without dismissing 
the native properties of the product. Pepsin is 
one of the digestive protease enzymes that serve  
a beneficial function in the surimi industry. However, 
with the increase of sustainable issues in the 
world, the source of pepsin is argued, and many 
researchers are attempting to uncover a new source, 
especially from the unexplored marine resource.

Yellowfin tuna (Thunnus albacares) hull has more 
value as an alternative source of protease enzymes. 
Chemical composition of yellowfin tuna of gastric was 
moisture content 76.20±0.42%, ash 0.63±0.13 %, 
lipid 0.42±0.15%, and carbohydrate (by difference) 
18.44±1.07%. Crude pepsin extract of yellowfin 
tuna stomach had an activity value of 523.5 U/mL.  
The pepsinogen of yellowfin tuna had a molecular 
weight of 35.64 kDa, while the crude extract  
of pepsin had a molecular weight of 31.84 kDa. 

Those characteristics show an excellent potency 
of protease enzymes from the gastric of Yellowfin 
Tuna, the results were similar with the previous 
report7,23-26.The addition of pepsin in surimi 
production is thought to increase the quality  
value of surimi. Pepsin plays a role in protein 
denaturation in the surimi gelation process so that 
the unfolded protein becomes uncoiled and reacts 
at a certain point to form a strong three-dimensional 
cross-network.11

Firstly Table 1 revealed that the addition of pepsin 
had no effect on the chemical content of tilapia 
surimi (p>0.05). In fact, the initial testing of chemical 
content is beneficial to confirm that the small part 
of an enzyme as the food additives does not affect 
surimi's chemical or nutritional value; instead, it will 
be expected only to affect the physical preference of 
surimi. This information is useful for the manufacturer 
and the regulatory policy for the following assessment 
of using this enzyme commercially in the surimi 
industry. Generally, the chemical content of 
tilapia surimi is in accordance with the Indonesia 
Standard of surimi (SNI 2694: 2013) which requires 
that the minimum surimi protein is 12% and the  
maximum moisture of surimi is 80%.18

Physical and chemical characteristics of red tilapia 
surimi were observed, consisting of pH value, 
salt soluble protein, gel strength, and whiteness 
degree, while the sensory test was carried out on 
kamaboko from surimi paste. Figure 1 shows that 
the pH value of surimi decreases with the increasing 
concentration of pepsin added. The decrease in pH 
value is due to the pepsin used having a pH of ±2.5. 
Jurado15 reported that the tuna gastric pepsinogen 
is activated using HCl up to a pH of 2.5 so that the 
resulting pepsin has a low pH. Myofibril protein is 
unstable at pH values below 6.5.27 Decreasing the 
pH value will affect the stability of the surimi protein.  
The pH value is an important factor because it  
is related to the speed of denaturation of myofibrils 
protein. Notably, the overall pH value of generated 
surimi with the obtainment of pepsin is still  
at the proper pH to produce the good mechanical 
properties of surimi (pH 6.5-7).

The obtainment of pepsin had a significant result 
on the salt soluble protein of surimi (p <0.05). 
Figure 2 shows that the addition of pepsin at  
a concentration of 2.5% and 5% causes an increase 
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and a concentration of 7.5% causes a decrease  
in myofibril levels. This increase was since pepsin 
is a protease enzyme that acts as a biocatalyst in 
protein hydrolysis reactions. Purwaningsih28 stated 
that the protein content of tofu, which was hydrolyzed 
with the enzyme bromelain, was 50% greater than 
30%. The addition of pepsin caused a decrease  
in salt-soluble protein content at a concentration  
of 7.50%. The decrease in myofibril levels correlated 
with the pH value. Shimizu29 stated that myofibril 
protein was less stable at acidic pH. This finding 
indicates that the high concentration of pepsin can 
force the over degrade of the protein to evolve 
smaller moieties of protein monomer.

Figure 3 indicated that the addition of pepsin had 
a significant effect on the gel strength value of 
kamaboko gel (p<0.05). The increase in the gel 
strength value at a concentration of 2.5% and 
5% was due to the influence of pepsin in the 
surimi gelation process. Surimi gelation generally 
consists of two stages: the protein denaturation 
stage and the protein aggregation stage to form 
a three-dimensional network.19 Pepsin has a role 
in helping the denaturation process in the early 
stages of gelation. Pepsin specifically cleaves the 
peptide bonds between hydrophobic and aromatic 
in proteins.5 It has two aspartic acid residues as 
an active site (Asp 32 and Asp 215)30. The cutting  
of the peptide bonds causes the unfolded protein 
folds to become uncoiled.

The formation of a three-dimensional network 
occurs when surimi undergoes a heating process. 
Tilapia surimi heating is carried out in two stages. 
The first heating uses a temperature of 40°C 
for 90 minutes and the second heating uses  
a temperature of 90°C for 30 minutes. Heating with 
this temperature obtained the best gel strength 
value in red tilapia surimi (1,083.51 g.cm).20  
The decrease in gel strength with the addition  
of 7.5% pepsin was thought to be due to the further 
denaturation of proteins to amino acids. Further 
denaturation causes an increase in the amount  
of hydrolyzed protein, thereby reducing the ability to 
form three-dimensional structures. The decrease in 
the value of gel strength at a concentration of 7.5% 
correlated with myofibril levels. Ramadhan and 
coworkers31 stated that catfish surimi had myofibril 
levels of 7.17% with a gel strength of 482.30 g/cm2, 
decreased to 4.74% with a gel strength of 208.00 

g/cm2. The strength value of tilapia surimi gel with 
various treatments meets the standard of SNI 2694: 
2013, which requires that the minimum gel strength 
value for surimi is 600 g/cm2 Red tilapia surimi has 
a gel strength value higher than 600 g/cm2 thus,  
it is classified as AA grade for tropical fish species 
(itoyori).32 Although the addition of pepsin 5 % 
showed a little bit higher gel value than that of surimi 
gel strength with 2.5%, however, statistically, the gel 
strength values were not significant; therefore, for 
the industrially use, the smaller percentage of 2.5% 
is favorable.

The inclusion of 2.5% and 7.5% pepsin had  
a significant effect on the whiteness of the surimi 
(Figure 4). The decrease in whiteness value was due 
to the added tuna stomach pepsin having a brownish 
color. Uju33 showed that the whiteness value of 
tilapia surimi decreased with the high concentration 
of carrageenan added. The decrease in the 
whiteness of tilapia surimi is due to the brownish 
color of carrageenan used. Latifa34 stated that the 
whiteness degree value of surimi is influenced  
by the addition of the materials used. Similar  
to using carrageenan, pepsin is also negatively 
affected in high concentrations, where obtaining 
7.5% pepsin induced the whiteness by decreasing 
the value by around ~9% than surimi with 0% 
pepsin. Nevertheless, all surimi showed a range  
of whiteness degrees stil l exceeding 80%,  
which meets the standard of commercial surimi.

Lastly, Table 2 indicated that the addition of pepsin 
had no effect on the appearance of the surimi 
(p>0.05). Indicating the important results that the 
additional enzymes as a food additive had no longer 
altered the visual and appearance of the final surimi 
product. The results of the surimi folding test show 
a significant difference in the addition of 5% pepsin 
(p <0.05). The inclusion of pepsin can increase 
the value of the surimi fold test from 4.93 to 6.20.  
This result indicates the generated surimi experiences 
a slight crack when folded in half until it is close to 
a slight crack when folded in four18 or the grade 
ranges from B to close to A (Lee 1894). The surimi 
fold test value is related to the gel strength so that  
it affects the texture of the kamaboko. In contrast, 
the addition of pepsin had no effect on the surimi 
bite test (p>0.05). The obtained surimi that is close  
to the specific strength of the standard for commercial 
products ranges from 5-6 (Indonesian Fisheries 
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Product Quality Control and Development Center 
2001). In fact, the range of freshwater-based surimi 
invariably demonstrates a level of lower gel value 
than the commercial resources, for instance, surimi 
generated from Pacific whiting or Alaska pollock. 
Therefore, comprising a kind of starch enables the 
increase of the overall quality of the surimi seafood 
product that meets the level 'A' grade surimi.

Overall, the determination of the final quality  
of the surimi-based product can refer to the Codex 
standards based on their value of gel strength, 
whiteness, folding test, and biting test.35 The results 
showed that the addition of pepsin at a concentration 
of 2.5% and 5% did not indicate a significant 
difference in those four parameters. The addition  
of yellowfin tuna stomach pepsin at a concentration 
of 2.5% in improving the surimi quality of red tilapia is 
an adequate treatment with due regard to economic 
aspects.

Conclusion
The addition of 2.5% pepsin showed the most 
reasonable results in tilapia surimi based on salt-

soluble protein, gel strength, whiteness degree, 
and sensory for folding test. It is necessary  
to do further research on the evaluation of 
frozen storage of tilapia surimi and its utilization  
to generate the kind of surimi-based food products.
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