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Fish protein hydrolysates have great potential in various fields, particularly in food.
Researchers developed fish hydrolysates enzymatically to utilize anchovies and produce
functional fish-based food products that meet standards. This study aims to determine
how different amounts of bromelain enzyme and how long the hydrolysis process lasts
affect the chemical properties of anchovy protein hydrolysate. The study employed a
completely randomized design (CRD) factorial design with two factors and two
replications. The first factor was bromelain enzyme concentration (6%, 7%, 8%). The
second factor was hydrolysis time (4 hours, 5 hours, 6 hours). Data were analyzed using
Analysis of Variance (ANOVA) at a 5% significance level. If we observed significant
interactions between the two treatments, we conducted a post-hoc DMRT test at 5%. The
best treatment used 8% enzyme concentration and took 6 hours, leading to a moisture
content of 82.91%, ash content of 2.46%, soluble protein content of 8.12%, and fat content
of 3.27%.

Contribution to Sustainable Development Goals (SDGs)
SDG 2: Zero Hunger

SDG 3: Good Health and Well-being

SDG 12: Responsible Consumption and Production

1. INTRODUCTION

1.1.  Research Background

generally carried out with the help of enzymes. This product has
high biological value, is easily digestible, and has potential as a
functional food ingredient [3]. One enzyme that is widely used in
the protein hydrolysis process is bromelain, a protease enzyme
obtained from pineapple fruit that has high proteolytic activity

Protein is one of the most important macronutrients for the body
because it plays a role in tissue formation and repair and serves
as a source of energy. However, the protein needs of the
Indonesian population are still not optimally met, especially from
high-quality and affordable animal sources [1]. One potential
animal protein source that has not yet been fully utilized is the
jengki anchovy (Stolephorus indicus). This fish has a relatively
high protein content, is widely distributed in Indonesian waters,
and has a relatively low price [2].

Protein hydrolysate is the result of breaking down proteins
into peptides and amino acids through hydrolysis, which is

[4]. The use of bromelain enzyme in the hydrolysis of anchovy
protein has the potential to produce hydrolysates with a good
degree of hydrolysis and nutritional quality.

The development of nutritious instant products, such as
instant rice, is one solution to meet the nutritional needs of
modern society, which desires practical, fast-cooking foods that
are still highly nutritious. The addition of fish protein hydrolysate
to instant rice can increase the protein content while providing
functional added value [5]. Therefore, this study was conducted
to determine the characteristics of fish protein hydrolysate from
anchovy fish produced through bromelain enzyme hydrolysis.
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Based on the above description, this study involved the
production of anchovy protein hydrolysate with varying
concentrations of bromelain enzyme and hydrolysis times. The
finished product will be tested for moisture, ash, soluble protein,
and fat content.

1.2.  Literature Review

Protein hydrolysate is the result of protein breakdown that
produces bioactive peptides and free amino acids. Protein
hydrolysate products have the potential as functional foods and
flavor enhancers. Protein hydrolysate can be produced from
protein-rich food ingredients, one of which is anchovies.
Anchovies contain 16% protein [6].

Anchovy (Stolephorus indicus) is known as a nutrient-rich
food source, particularly protein. Anchovy has a high protein
content, making it a high-quality human protein source. Anchovy
contains a complete set of essential amino acids in balanced
proportions, crucial for growth and body maintenance [7].
Additionally, anchovies contain fats, minerals, and vitamins that
contribute to overall health [8]. The protein in anchovies also has
high bioavailability, making it easy for the body to digest and
absorb [9].

The protein hydrolysate of Jengki anchovy produced through
enzymatic hydrolysis is known to have a higher protein content
than anchovy meal. Enzymatic hydrolysis breaks down protein
molecules into smaller peptides and amino acids, increasing the
final product's availability and protein content [10]. Anchovy
protein hydrolysate has a more complete amino acid profile and
is more easily digested by the body than conventional anchovy
meal [11], thereby offering advantages in protein content and
nutritional value over anchovy meal [12].

1.3.  Research Objective

To determine the chemical characteristics of anchovy protein
hydrolysate, with treatment of bromelain enzyme concentration
and hydrolysis time.

2. MATERIALS AND METHODS

2.1 Materials

The material used in this study was anchovy (Stolephorus sp)
obtained from the Pabean Fish Market in Surabaya, East Java.
Additional materials used included natural protease enzymes
from young pineapples. Chemicals used were NaOH (Merck),
HCl1 (Merck), KaSO4 (Merck), MgO (Merck), H.SO4 (Merck),
HsPOs (Merck), MgCOs (Merck), CH;:COOH (Merck), NaS-0;
(Merck), Na:COs (Merck), AgNOs; (Merck), BaCl: (Merck),
Folin-Ciocalteu reagent, and Bovine Serum Albumin solution.

2.2 Research Procedure

This study used a completely randomized design (CRD) with a
factorial pattern, consisting of two factors, where each treatment
was repeated twice. The first factor (Factor I) was the bromelain
enzyme concentration of 6% (A1), 7% (A2), and 8% (A3). The
second factor (Factor II) is the hydrolysis time of 4 hours (B1), 5
hours (B2), and 6 hours (B3). The collected data were analyzed
using Analysis of Variance (ANOVA) to determine the
significance of the treatments. If significant differences were
found, further analysis was conducted using Duncan's Multiple
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Range Test (DMRT) at a 5% significance level to compare the
average differences between treatments.

2.3 Production of Anchovy Protein Hydrolysate

The anchovies were separated from their heads and tails, then the
meat was washed thoroughly with running water. After that,
distilled water was added to the anchovy meat at a ratio of 1:4,
then the mixture was blended using a blender. Bromelain
enzymes with concentrations of 6%, 7%, and 8% are added to the
mixture and hydrolyzed at 55°C for 4 hours, 5 hours, and 6 hours.
The enzyme inactivation process is carried out at 90°C for 20
minutes. The inactivated liquid was filtered using filter paper.
Subsequently, the liquid and supernatant were separated by
centrifugation at 3500 rpm for 20 minutes. The supernatant
obtained was collected and used as the hydrolysate.

3. RESULT AND DISCUSSION

3.1.  Chemical Characteristics of Anchovy Protein
Hydrolysate

The chemical characteristics of anchovy (Stolephorus indicus)
protein  hydrolysate ~were determined by proximate
characteristics, namely moisture content, ash content, soluble
protein, and fat content, as shown in Table 1. The analysis of
variance showed that enzyme concentration had a significant
effect on moisture content, ash content, soluble protein, and fat
content (P<0.05). The best treatment for anchovy protein
hydrolysate was obtained at an enzyme concentration of 8%
bromelain and a hydrolysis time of 6 hours.

3.2 Moisture Content

The analysis of variance showed that the concentration of
bromelain enzyme had a significant effect on the moisture content
of anchovy protein hydrolysate (P<0.05). The highest moisture
content was achieved by anchovy protein hydrolysate with a
bromelain enzyme concentration of 8% and a hydrolysis time of
6 hours (82.91 + 0.03%), while the lowest was achieved with a
bromelain enzyme concentration of 6% and a hydrolysis time of
4 hours (77.79 + 0.06%).

Moisture content increases with increasing enzyme
concentration, as higher bromelain enzyme concentrations
enhance enzymatic activity, accelerating the breakdown of
proteins into peptides and soluble compounds [13]. Water content
increases with higher enzyme concentrations because increased
enzymatic activity produces more hydrophilic active compounds
in the hydrolysate solution. Additionally, the increase in water
content can be attributed to adding bromelain enzyme. The
hydrolysis reaction of protein compounds into simpler
compounds causes an increase in the volume of the hydrolysate
solution, thereby increasing the product's water content. The
hydrolysis of lemuru soy sauce resulted in a 17% increase in
solution volume when the bromelain enzyme concentration was
increased from 6% to 8% [14].

3.3 Ash Content

Most foodstuffs consist of 96% organic matter and water
composed of mineral elements. Burning foodstuffs at a
temperature of 500°C will cause the organic matter to burn, but
the inorganic matter will not burn and will remain in the form of
ash consisting of various mineral elements such as Ca, Mg, Na,
P, K, Fe, Mn, and Cu.
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The analysis of variance showed that the concentration of
bromelain enzyme had a significant effect on the ash content of
anchovy protein hydrolysate (P<0.05). The highest ash content
was achieved by anchovy protein hydrolysate with a bromelain
enzyme concentration of 6% and a hydrolysis time of 4 hours
(4.93 + 0.03%), while the lowest was achieved with a bromelain
enzyme concentration of 8% and a hydrolysis time of 6 hours
(2.46 £ 0.06%). A longer hydrolysis time can break down more
protein into soluble fractions, thereby increasing the soluble
organic fraction more rapidly than the inorganic fraction. The
soluble organic fraction increases more rapidly than the insoluble
inorganic fraction. Insoluble minerals are not filtered out in the
filtrate, resulting in a lower ash content relative to the product
volume. The decrease in ash content is caused by protease
enzymes that break peptide bonds in proteins into smaller
peptides and amino acids as hydrolysis time increases [15].

3.4 Soluble Protein Content
The analysis of variance showed that the concentration of
bromelain enzyme had a significant effect on the soluble protein
content of anchovy protein hydrolysate (P<0.05). The highest
soluble protein content was achieved by anchovy protein
hydrolysate with a bromelain enzyme concentration of 8% and a
hydrolysis time of 6 hours, amounting to (8.13 + 0.11 mg/mL),
while the lowest was achieved with a bromelain enzyme
concentration of 6% and a hydrolysis time of 4 hours, amounting
to (4.59 + 0.10 mg/mL).

Bromelain enzyme acts as a catalyst in breaking peptide
bonds in proteins into smaller molecules such as short peptides
and amino acids. This is because a high enzyme concentration
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allows more substrate molecules (proteins) to interact
simultaneously with the enzyme, thereby increasing the
hydrolysis rate and producing more soluble protein. Hydrolysis
can break the peptide bonds within proteins, allowing them to
break down and release amino acids. Hydrophilic amino acids can
bind water, enabling proteins to dissolve in the hydrolysate.
Protein hydrolysis can cause proteins that were originally
insoluble to become soluble. Long hydrolysis times allow
enzymes to hydrolyze proteins for longer periods, hydrolysing
more proteins into amino acids [16].

3.5 Fat Content

The results of the analysis of variance showed that the
concentration of bromelain enzyme had a significant effect on the
fat content of anchovy protein hydrolysate (P<0.05). The highest
fat content was achieved by anchovy protein hydrolysate with 6%
bromelain enzyme and a hydrolysis time of 4 hours (4.58 +
0.07%), while the lowest was achieved at a bromelain enzyme
concentration of 8% and a hydrolysis time of 6 hours (3.27 +
0.04%).

The decrease in fat content is due to the longer hydrolysis
time, which provides sufficient time for the enzyme to break
down the protein into a soluble form. The hydrolysis process
reduces the number of intact protein particles remaining,
decreasing the likelihood of fat fractions being trapped or carried
in the suspension. This process causes the fat content in the
filtrate to decrease. The anchovy used in the fish protein
hydrolysis process has a low-fat content. Enzymatic hydrolysis
causes rapid changes in the structure of fish tissue, resulting in a
decrease in fat content [17].

Table 1. Results of analysis of moisture content, ash content, soluble protein content, and fat content

Treatment . .
— Moisture Ash Content Soluble Protein
Concentration (%) Hydr((l){lzilrss;l" tme Content (%) (%) Content (mg/mL) Fat Content (%)
6 4 77.79 + 0.062 4,93 +0.03¢ 4.59 +0.102 4.58 +£0.07¢
5 78.56 + 0.07° 421 +0.02f 5.69 + 0.09° 4.39 + 0.04f
6 80.22 £ 0.01¢ 3.83 £ 0.04¢ 7.17 £ 0.06¢ 4.24 +0.04°
7 4 80.12 + 0.08°¢ 4.14 +0.04f 6.53+0.11¢ 4.24 + 0.06°
5 81.10 £ 0.054 3.83 £ 0.04¢ 7.29 + 0.044% 3.64 + 0.06°
6 82.68 £ 0.03¢ 3.37 +£0.05¢ 7.50 £ 0.07¢f 3.34 £ 0.05%
8 4 81.68 £ 0.03f 3.23 +£0.06° 7.42 +0.13¢f 3.92 +0.034
5 82.35 £ 0.04¢ 2.86 + 0.05° 7.62 +0.14f 3.45+0.05°
6 82.91 +0.03" 2.46 +0.06* 8.13+0.11¢ 3.27 +0.042
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4. CONCLUSION

Protein hydrolysate is the result of breaking down protein
into peptides and amino acids through hydrolysis. This
hydrolysate product has high biological value, is easily
digestible, and has potential as a functional food
ingredient. The optimal treatment for anchovy protein
hydrolysate was a combination of 8% bromelain enzyme
concentration and a hydrolysis time of 6 hours. The
chemical characteristics obtained included moisture
content of 82.91%, ash content of 2.46%, soluble protein
content of 8.12%, and fat content of 3.27%.
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