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The gelatin extracted from the bone of Indonesian Pangasius sutchi was 

hydrolyzed using two proteases, namely protease Lactobacillus plantarum S31, 

which isolating from bekasam (an Indonesian fermented fish product) and 

flavourzyme (a commercial enzyme from Aspergillus oryzase). The concentrations 

of enzymes for hydrolysis were 1% and 6% based on enzyme/substrate [E/S] ratio. 

The bioactivity of the hydrolysates as an antioxidant was measured based on their 

capacity to inhibit 1,1-diphenyl-2-picylhydrazyl (DPPH). The ascorbic acid or 

vitamin C in the range 50-150 ppm was used as positive controls. The result shown 

that the bioactivities of all hydrolysates were increased compared to gelatin before 

hydrolysis. The hydrolysates have a percent of inhibition range that higher than the 

ascorbic acid. The hydrolysates of gelatin derived from the bone of Pangasius 

sutchi would be a potential source as raw material for bioactive peptides 

production with antioxidant activity. Keywords: antioxidant; bioactive peptide; fish 

gelatin; gelatin hydrolysate; protease.c 2020 by the authors. 
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0/).1. Introduction 

Fish based gelatin has been developed in producing bioactive peptides regarding 

their bioactivities as antioxidant 

s [1], antihypertensive [2], antimicrobial [3], anti-diabetic (type 2) [4] and 

anticancer [5]. As antioxidants, fish gelatin is taking great attention concerning 

safety aspects [6], abundance amount, and promising for industrial application [7], 

as well as their simply hydrolyzed enzymatically in order to obtain higher activity 

[8, 9]. In addition, some of the antioxidant activity of bioactive peptides influenced 

by the presence of Glycine (Gly) and Proline (Pro) in which both these amino acids 

dominantly contain in fish gelatin [10]. A work conducted by Zheng et al. (2018) 

also concluded that the antioxidant activity of fish gelatin higher than porcine and 

bovine gelatin [11]. Studies investigating of antioxidant properties attaching to 

hydrolysates and bioactive peptides from fish gelatin was covering from skins and 

scales of Nile tilapia [8, 12, 13, 14], Sole fish [15], the skin of Amur sturgeon [16], 

Cobia [17], Unicorn leatherjacket, Thornback ray [18], Black-barred halfbeak [19], 

Carp [20], Tuna, Halibut [21], and bone of Skipjack Tuna [22]. Actually, as a 

source of fish gelatin, the bone of pangasius catfish has higher in yield compared to 

other fish-based origins [23]. So, this research provides a work using the most 

promising alternative source of gelatin in terms of considering the quantity of 

gelatin yield. Moreover, this research was conducted to attempt using an enzyme 

from lactic acid bacteria which convenient for humans i.e., protease from 

Lactobacillus plantarum S31. L. plantarum S31 is a bacterium that originated from 

bekasam (an Indonesian fermented fish product). A study by Budiarto et al. (2016) 

found that protease from L. plantarum S31 is thermostable [24]. There are several 

benefits by using thermostable enzymes including preventing the contaminations, 

increasing catalysis rates, and reducing viscosity in order to simplify hydrolysates 

production [25]. The protease from L. plantarum S31 is also proven hydrolyzed 

protein to become hydrolysates with antioxidant activity [26]. Furthermore, this 

research was also using commercial protease such as flavourzyme to obtain 

comparative results. Flavourzyme is a protease expressed by Aspergillus oryzae 

with endopeptidase and exopeptidase hydrolysis sites. Through more sites that can 

be hydrolyzed, may implicate to the great possibility of hydrolysates against 

oxidant agents. The capacity of fish gelatin hydrolysates against oxidants agents 

measured by some methods. For instance 

, radical scavenging, metal chelating or reducing, and lipid peroxidation inhibition 

https://archive.org/stream/science551922mich/science551922mich_djvu.txt
https://res.mdpi.com/d_attachment/marinedrugs/marinedrugs-17-00565/article_deploy/marinedrugs-17-00565-v2.pdf
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4


activities. It is commonly believed that the radical scavenging activity is the most 

and represent the parameter used to measure the antioxidant activity. The majority 

previous researches were using DPPH (1,1 diphenyl 2 picylhydrazyl) radical to 

determine the radical scavenging activity of fish-based gelatin [18, 19, 22, 27]. Cai 

et al. (2015) support that opinion by stating the DPPH is generally used as a 

substrate to measuring the antioxidant activity [28]. The method is 

id: 4 

Plagiarism detected: 0,17% https://www.mdpi.com/1660-3397/13/5... 

 
#0 

4% 

https://www.mdpi.com/166... 

fast, convenient, and efficient in predicting the antioxidant 

activity, so it has been broadly adopted to test the ability 
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of compounds to act as free radical 

scavengers. Yang et al. (2019) mentioned that DPPH is a stable and cell-permeable 

radical that is commonly applied for analysis antioxidant activity [29]. Thus, for 

the reasons of deal with efficiency, in this research, we have analysed the DPPH 

inhibition activity of pangasius gelatin hydrolysates and terminated the study on 

hydrolysate activity without purified further because number prior publications 

were showing the activity of gelatin hydrolysates are better than smaller purified 

gelatin peptides [11, 28, 30].2. Materials and Methods 

2.1. Enzyme preparation. 

Lactobacillus plantarum 

S31 from 
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Research Center for Biotechnology, Indonesian Institute of Science, 

was used as a source of the first enzyme. The production of extracellular protease 

from this lactic acid bacteria (LAB) and determination of the protease activity was 

done by using a method described by Budiarto et al. [24]. Whilst, the second 

enzyme is flavourzyme (from Aspergillus oryzae), which manufactured by 

Novozyme Corp. (Bagsvaerd, Denmark). 2.2. Fishbone gelatin hydrolysates 

preparation.The gelatin from the bone of Pangasius catfish (Pangasius sutchi) 

https://www.mdpi.com/1660-3397/13/5/2580/html
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extracted in our previous work [31] was used for hydrolysates preparation. The 

gelatin from the refrigerator placed at room temperature, then mixed using vortex 

until it became a liquid. Then, the gelatin solution added with each protease in 

different concentration (E/S ratio) i.e 1% and 6% (v/v). After that, the gelatin-

enzyme solution 
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was incubated for 3 hours. The 

gelatin with protease from L. plantarum S31 incubated at pH 5, 37 oC, while the 

gelatin mixed with flavourzyme from A. oryzae incubated at pH 7, 50 oC. The 

enzymatic hydrolysis was stopped by heating the mixture solutions at 100 oC for 

10 minutes. The hydrolysates were obtained by separation technique using 

centrifugation at 10,000 rpm, 15 min, and 4 oC. Finally, the supernatant was 

collected as fish gelatin hydrolysates and stored at -20 oC before further analysis. 

The protein concentration of gelatin and their hydrolysates quantified using 

bicinchoninic acid (BCA) assay kit (Thermo Fisher, Rockford, IL, USA) by the 

method described in our previous work [31].2.3. Determination of molecular 

weight.Molecular weight (MW) identification was performed through vertical 

electrophoresis by using 
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sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE 

) as explained in our previous study carried out by discontinues Tris/HCl/glycine 

buffer system [23, 31]. Then, the appearance of bands protein was quantified for 

their retardation factor (Rf) value by using the formula of Rf = [the distance of 

bands of protein movement from starting point] / [the distance of marker 

movement from starting point]. The molecular weight of each hydrolysate 

quantified using linear equation (y=ax+b) made from a log of MW (y-axis) and Rf 

(x-axis). 2.4. Antioxidant activity. 

Antioxidant activity was determined by measuring the radical scavenging activity 

of fish gelatin hydrolysates against DPPH (1,1 diphenyl -2- picylhydrazyl). The 

capacity of gelatin hydrolysates to inhibit free radicals of DPPH was conducted 

according to Clarke et al. (2013) procedure with some modification through 

ethanol 96% addition [32]. Firstly, 20 Î¼L samples added with 180 Î¼L DPPH 

solution (a distilled water used as control). After mixing vigorously for 10 s, then 

the absorbance measured 
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) Microplate Reader (Multiskan Ex, Champaign, IL, USA). The reaction/mixed 

solution was read at 540 
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nm against a reagent blank. The 

radical scavenging activity 
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was calculated by the following formula: 

antioxidant activity (%) = [(As - An)/(Ab - An)] x 100 where As, An, and Ab were 

the absorbance values determined at 540 nm of the samples, 
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the negative control, and the blank after 

a reaction, respectively [16, 32]. The IC50 was defined as a concentration of fish 

gelatin hydrolysates to inhibit free radical as many as fifty percent. The scavenging 

activity of ascorbic acid (vitamin C) as control positive with different 

concentrations (50-150 ppm) was also measured as the same as the procedure for 

quantifying the antioxidant activity of samples. 2.5. Statistical analysis. All value 

determinations were performed in average values. Numbers were expressed as the 

means followed by their standard deviations. Analysis of variance was conducted 

, and differences between variables were analyzed for their significance by Tukey's 
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range test (p 0.05).3. Results and Discussion 

3.1. Fish 

bone gelatin hydrolysis.Gelatin after hydrolysis was determined their molecular 

weight (figure 1 and table 1) and protein content ( 

Table 2). It confirmed that gelatin hydrolysates have lower MW compared to crude 

extract gelatin. The MW of fishbone gelatin hydrolysates is various depend on 

enzyme concentration for hydrolysis. In this study, the MW of gelatin hydrolysates 

were in the range of 41 - 63 kDa (figure 1). Fish gelatin that hydrolyzed with 

extracellular protease from L. plantarum S31 has MW slightly higher (51 and 63 

kDa) than which hydrolyzed with flavourzyme (41 and 43 kDa). A study 

conducted by Baehaki et al. (2015) found that fish protein hydrolysates derived 

from fish meat protein in which hydrolyzed using papain were producing four 

hydrolysates in MW range of 11.90-42.62 kDa [33]. While the protein content of 

fish gelatin and their hydrolysates were measured by using 96-well ELISA reader 

with bovine serum albumin (BSA) as standard in range 0-2 mg/mL. The result has 

shown that the protein concentration of hydrolysates is increased gradually by 

increasing enzyme for hydrolysis (Table 2). Hydrolysate derived from flavourzyme 

hydrolysis has the highest protein content. Figure 1. 

Electroforegram fish gelatin (G) dan their hydrolysates. A1=hydrolysate derived 

from 6% [E/S] protease from A. oryzae, L1=1% [E/S] protease from L. plantarum 

S31 and L6= 6% [E/S} protease from L. plantarum S31, M=marker protein.Table 

1. 

Molecular weight (MW) of fish gelatin and their hydrolysates.Samples 

Rf sample 

MW (kDa) 

Fish gelatin (before hydrolysis) 

0.059 

163 

0.072 

137 

Hydrolysate (1% E/S ratio 

L. plantarum S31)0.147 

63 

0.188 

44 

0.407 

26 

Hydrolysate (6% E/S ratio L. plantarum S31)0.166 

51 

0.194 

43 

0.269 

30 

0.327 



27 

0.544 

21 

Hydrolysate (1% E/S ratio A. oryzae)0.189 

43 

0.309 

28 

0.458 

25 

Hydrolysate (6% E/S ratio A. oryzae)0.204 

41 

0.316 

28 

Table 2. 

Protein content of fish gelatin and their hydrolysates.Title 1 

Title 2 

Fish gelatin 

1.83 

cd Â± 0.100Hydrolysate (1% E/S ratio 

L. plantarum S31)0.80 

d Â± 0.155Hydrolysate (6% E/S ratio L. plantarum S31)1.18 

d Â± 0.005 /Hydrolysate (1% E/S ratio A. oryzae)3.44 

bc Â± 0.109Hydrolysate (6% E/S ratio A. oryzae)12.46 

a Â± 1.5741 

Values in the same row followed by different letters are significant differents (P 

0.05)3.2. Free radical scavenging activity of gelatin hydrolysates. 

The bioactivities of fish gelatin hydrolysates as antioxidant measured by their 

capability to inhibit free radical 
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2,2 

-diphenyl-1-picrylhydrazyl (DPPH). 

This method is mention as a general method in order to determine the antioxidant 

capacity of bioactive compounds. The DPPH radical scavenging activity of an 

antioxidant is based on its ability to donate a hydrogen atom or an electron to 

stabilizing radicals, by converting it to the non-radical species [34]. In this work, 

the test was adopted from Clarke et al. (2013) in which the sample is mixed with 

DPPH solution, and 96% ethanol was added, followed by incubation for 30 

minutes [32]. Theoretically, the DPPH solution reacts with the bioactive compound 

to create the diphenylpycrylhydrazine. The absorbance of reaction then measured 

https://link.springer.com/article/10.1186/s41240-019-0125-4
https://link.springer.com/article/10.1186/s41240-019-0125-4


in wavelength of 540 nm. The measurement was done using a 96-well microplate 

coupled with ELISA reader. The antioxidant activity determined by the ratio of 

sample absorbance with absorbance without bioactive compound then multiply 

100%.In this study, ascorbic acids (vitamin C) with concentration 50-150 ppm 

used as a positive control of scavenging activity. Figure 2a shows that radical 

scavenging of gelatin hydrolysates higher than gelatin before hydrolysis. Gelatin 

hydrolysate from a 6% E/S ratio of flavourzyme is higher than other hydrolysates. 

The highest one seems comparable to the free radical scavenging capacity of 150 

ppm ascorbic acid. Based on figure 2 also indicates that the inhibition of fish 

gelatin hydrolysates from 6% E/S ratios toward DPPH radical is outnumbered 

hydrolysates from 1% E/S ratios. A previous study has shown that gelatin 

hydrolysate from the skin of Amur sturgeon has antioxidant activity around 40% 

[16] in which they are also using the ability of hydrolysate to neutralize the free 

radical of DPPH to measure the antioxidant activity, however, they use Alcalase 

for hydrolysis.The IC 

50 value of gelatin hydrolysate from the bone of Indonesian Pangasius catfish also 

determined (figure 2b). It is because IC50 generally accepted as an indicator of the 

effectiveness of bioactive compounds were in this term as an antioxidant through 

free radical DPPH inhibition. The IC50 fish gelatin hydrolysate from Indonesian 

Pangasius sutchi is 1.87 
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mg/mL. The IC50 values of 

Tilapia skin gelatin hydrolysate (TSGH) were 3.66 mg/mL [13]. You et al. (2010) 

reported the IC50 value of DPPH--scavenging activity of Loach protein 

hydrolysate was 2.64 mg/mL [35].( 

a)( 

b)Figure 2. 

(a) Scavenging activity of fish gelatin and their hydrolysates compared to ascorbic 

acid. LP1% means 1% [E/S] protease from L. plantarum S31 and LP 6% is 6% 

[E/S] protease from L. plantarum S31. AO 1%= 1% [E/S] ratio from protease of A. 

oryzae and AO 6%= 6% [E/S] ratio from protease of A. oryzae. Values in each bar 

followed by different letters are significant different (P 0.05); (b) Standard curve 

for IC50 value quantification of DPPH:-scavenging activity of fish gelatin 

hydrolysate from the bone of Pangasius catfish.The successful hydrolysis process 

was analyzed by sodium dodecyl sulfate polyacrilamide gel electrophoresis (SDS-

PAGE). Figure 1 provides the electroforegram of fishbone gelatin and their 

hydrolysates. The figure shown that the fish gelatin before hydrolysis has thick 

band in higher MW, where the vague band depicted by the hydrolysates 

particularly at higher enzyme concentrations. Interestingly, the hydrolysates have a 

https://pubmed.ncbi.nlm.nih.gov/27128898/
https://pubmed.ncbi.nlm.nih.gov/27128898/


thicker band in lower MW that, in fact, the intact fish bone gelatin has too vague in 

that MW. It is indicated that the protease was hydrolyzed the gelatin. Accordingly, 

to support the result that not display of MW of hydrolysate derived from 1% E/S 

ratio of flavourzyme in electroforegram (for the reason of inappropriate SDS-

PAGE picture), the quantification of MW through Rf value was done. Based on 

this quantification, the intact fish bone gelatin has MW 163 kDa, where their 

hydrolysates three-fold lower. Our previous work found that fishbone gelatin 

hydrolysates from similar species have MW ~ 50 kDa after hydrolyzed with 

flavourzyme [36]. Although the MW of the unhydrolyzed gelatin in this study 

slightly below our previous identification [31], the range is still in MW range of 

fish gelatin from the bone of Pangasius catfish. The intact gelatin from this species 

has MW of ~100-116 kDa, ~150-200 kDa, and 225 kDa [23]. In addition, the 

dominant factor that affects the MW of gelatin is protein hydrolysis during storage, 

concerning in this case, the gelatin was stored for few months before running to 

electrophoresis, while in our previous analysis, the gelatin had injected to well of 

gel electrophoresis directly after extraction.The protein content of fish gelatin 

hydrolysate derived from flavourzyme hydrolysis is larger than hydrolysates from 

protease L. plantarum S31 hydrolysis. The method for analyzing protein content in 

this research was by using bicinchoninic acid (BCA) assay kit. Besides affected by 

amino acid residues, the quantification of protein using BCA is also influenced by 

the peptide bonds or peptide backbones of protein [37], means that more peptide 

bonds in protein solution imply to greater protein concentration. Hence, it is 

announced that the flavourzyme was actively hydrolyze the gelatin compared to 

protease L. plantarum S31, which also confirmed by their MW ranges. 

Flavourzyme is an endopeptidase and exopeptidase enzyme. They have wider and 

greater hydrolytic sites, thus their hydrolytic possibility also larger. Moreover, the 

purify of an enzyme in like manner contributes to their hydrolytic activity. The 

flavourzyme in this research was purified before commercialized, otherwise the 

protease L. plantarum S31 was a crude extract even the specific activity (2,000 

U/g) [26] over the flavourzyme (500 U/g). The antioxidant activity through DPPH 

radical scavenging ability of fish gelatin increased subsequent hydrolysis. The 

radical scavenging activity of gelatin hydrolysate reach almost eight times higher 

than fish gelatin before hydrolysis. The activity of hydrolysates from flavourzyme 

hydrolysis is two-fold higher than hydrolysates from their counterpart even though 

their MW lower. This results contradict with the Abuine et al. (2019) statement 

remarking that high molecular peptides have higher DPPH inhibition activity than 

low molecular peptides [10]. In fact, radical scavenging activity of hydrolysates 

depends on many factors, including peptide size, sequence, amino acid 

composition enzyme used, and degree of hydrolysis, among which 
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amino acid composition and peptide sequence 

play a crucial role in determining the antioxidant power [15]. Lassoued et al. 

(2015) reporting that the presence of certain amino acids in the hydrolysate 

enhance scavenging activity of peptide, among of them like tryptophan, tyrosine, 

methionine, cysteine, histidine, and phenylalanine [18]. Some previous studies 

have observed the percentage of radical scavenging activity of fish gelatin and 

protein hydrolysates against DPPH in which using ascorbic acid as a positive 

control. As results, the DPPH scavenging activity of gelatin hydrolysates derived 

from skin gelatin of sole fish, thornback ray, black-barred halfbeak, and rainbow 

trout were ~68% [15], ~70% [18], 43.39% [19] and ~40% [27] respectively. While 
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radical scavenging activity of gelatin hydrolysates from 

bone of sole fish was ~ 62% [15]. Furthermore, protein hydrolysates 
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from the skin of grass carp 

and collagen milkfish having DPPH scavenging activity as much as 40% [28] and 

35% [38], respectively. These data have shown us that gelatin hydrolysates from 

the bone of pangasius catfish have comparable DPPH scavenging activity than 

other hydrolysates. Indeed, the percent of inhibition toward DPPH still below, 

however comparing to the IC50 of other gelatin and protein hydrolysates, the 

gelatin from the bone of pangasius catfish, is still better. A study conducted by Chi 

et al. (2014) found that their hydrolysates derived from alcalase hydrolysis was 

lower than other enzymes hydrolysis [30]. They had found that the IC50 from that 

hydrolysate was 5.23 mg/mL. Other researchers also mentioned the IC50 from 

their leading hydrolysates, surprisingly all of their hydrolysates have higher IC50 

than our work. For example, the IC50 from skin gelatin hydrolysates of tilapia, 

amur sturgeon, and thornback ray was 3.66 [13], 5.38 [16], and 1.98 mg/mL [18] 

respectively. It is a signal that gelatin from the bone of pangasius catfish would be 

potential as a source of a bioactive peptide with antioxidant activity.4. Conclusions 

Fish 

bone gelatin hydrolysates from Pangasius catfish have a capacity as an antioxidant 

through inhibition free radical 
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2,2-diphenyl-1-picrylhydrazyl (DPPH). 

The activity of hydrolysate derived from enzymatic hydrolysis of 6% protease of 

A. oryzae was higher than gelatin before hydrolysis and other hydrolysates, even 

compared to 150 ppm ascorbic acid. In terms of DPPH scavenging activity, the 

gelatin hydrolysate from the bone of Pangasius catfish has lower IC50 than 

previous fish-based hydrolysates.Funding 
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