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Introduction 
 

Fish protein hydrolysates or peptides with 

antioxidant activities are released from fish 

proteins after enzymatic hydrolysis. These 

anti-oxidative peptides are inactive within the 

sequence of the precursor protein molecules 

but can be released after enzymatic hydrolysis. 

The anti-oxidative protein hydrolysates or 

peptides can be produced from fish protein 

sources by using various processes such as in 

vitro enzymatic hydrolysis, autolytic process 

using endogenous enzymes, microbial 

fermentation, and simulated gastric digestion 

(Bougatef et al., 2010). The antioxidant 

peptides possess some metal chelation or 

hydrogen/electron donating activity, which 

could allow them to interact with free radicals 
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The antioxidant and antimicrobial properties of fish protein hydrolysate (FPH) prepared 

from Tilapia waste was evaluated. The Protein hydrolysates was prepared from tilapia 

(Oreochromis niloticus) waste using papain enzyme under the optimum conditions viz., 

temperature of 50°C, pH of 6.5, E/S ratio of 1% and 60 minutes time. The prepared 

proteinhydrolysate was evaluated for antioxidant and antimicrobial properties in vitro at 

different concentrations. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 

activity of FPH was highest at 100 mg/L (77.40%) and the maximum metal chelating 

activity of FPH was seen at 500mg/L (49.27%). The DPPH radical scavenging activity and 

metal chelating activity showed concentration dependent activity. FPH showed ferric 

reducing activity at all concentrations and exhibited highest reducing power at 500 µg /mL 

(2.18%). The antibacterial activity of FPH was seen at a concentration of 8 and 10 mg /mL 

FPH was potentially active against gram+ve bacteria viz., Staphylococcus aureus and 

Bacillus subtilis whereas, it showed smaller zones of inhibition against gram-ve 

Escherichia coli bacteria. 
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and terminate the radical chain reaction or 

prevent their formation (Ren et al., 2008). 

Therefore, the amino acid constituents and the 

sequence of the peptides are very important 

for their antioxidant activity. It has been 

shown that hydrophobic amino acids and one 

or more residues of Histidine, Proline, 

Methionine, Cysteine, Tyrosine, Tryptophan 

and Phenylalanine can enhance the activities 

of the antioxidant peptides. The presence of 

hydrophobic sequences in the peptides could 

interact with lipid molecules and could 

scavenge by donating protons to lipid derived 

radicals (Je et al., 2007). 

 

Lipid oxidation leading to the development of 

undesirable off-flavors, odors, dark colors and 

potentially toxic reaction products is of great 

concern to the food industry and consumers 

(Lin and Liang, 2002). To prevent foods from 

undergoing such deterioration and provide 

protection, it is very important to inhibit lipid 

oxidation occurring in foodstuffs. 

Antioxidants are used to preserve food 

products by retarding discoloration and 

deterioration caused by oxidation. Antioxidant 

is defined as any substance that significantly 

delays or inhibits oxidation of a substance 

when present at low concentrations compared 

to that of an oxidizable substrate. Many 

synthetic antioxidants, such as 

butylatedhydroxytoluene (BHT), 

butylatedhydroxyanisole (BHA), tert-

butylhydroquinone (TBHQ), and propyl 

gallate (PG) are used as food additives to 

prevent deterioration. Although these 

synthetic antioxidants show stronger 

antioxidant activity than that of natural 

antioxidants (α-tocopherol and ascorbic acid) 

there is concern about their safety with regard 

to health (Ito et al., 1986). Therefore, the 

development of natural antioxidants as 

alternative to synthetic ones is of great interest 

among researchers. Vitamin C, α-tocopherol 

and phenolic compounds, which are present 

naturally in vegetables, fruits and grains 

possess the ability to reduce oxidative damage 

associated with many diseases. Recently, the 

ability of phenolic substances including 

flavonoids and phenolic acid to act as 

antioxidants has been extensively investigated 

(Miraliakbari and Shahidi, 2008).  

 

Antimicrobial peptides play key roles in native 

immunity by interacting directly with bacteria 

and killing them (Zhang et al., 2008). 

Researchers have reported that almost all fish 

antimicrobial peptides have antibacterial or 

bacteriostatic functions against several Gram-

negative and Gram-positive strains (Su, 2011). 

Antimicrobial peptides (AMPs) are known as 

importantcomponents of the innate immune 

system in a variety of organisms including 

both vertebrates and invertebrates (Arnesen 

and Gildberg, 2006). Hence, the objective of 

the present investigation was to prepare the 

protein hydrolysates from the tilapia fish 

waste using papain enzyme and evaluate the 

antioxidant and antimicrobial properties. 

 

Materials and Methods 

 

Raw material for preparation of fish 

protein hydrolysate (FPH)  

 

The frame waste (FW) and head waste (HW) 

obtained from Tilapia fish (Oreochromis 

niloticus) were used as a raw material for 

preparation of fish protein hydrolysate (FPH). 

Fish waste was iced immediately after 

collection and transported in chill condition to 

laboratory. Immediately after arriving to the 

laboratory the fish wastes were washed 

thoroughly in chilled potable water. FW and 

HW were minced with meat mincer and 

packed in polythene bags and stored at -

20±2°C until further use.  

 

Bacterial cultures 

 

Bacterial cultures, namely Staphylococcus 

aureus (NCIM 2079), Escherichia coli (NCIM 
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2688), Bacillus subtilis (NCIM 2063) were 

used for the study. 

 

Preparation of protein hydrolysates from 

Tilapia fish waste mince using papain 

 

The protein hydrolysates were prepared by 

following the method as described by 

Srikanya et al., (2017) using the optimum 

conditions viz. temperature of 50°C, pH 6.5 ± 

0.2 and hydrolysis time of 1 h. Papain of 1% 

E/S was used to achieve desired degree of 

hydrolysis.  

 

The hydrolysis was terminated by keeping the 

reaction mixture in water bath. The slurry was 

filtered using Whatman No. 4 filter paper. The 

filtrate was dried in hot air oven at 80 ± 2°C 

for 48 - 60 h to achieve a final moisture 

content of less than 5%. The dried 

hydrolysates were stored in desiccated 

condition at ambient temperature (25 ± 2°C). 

 

Determination of antioxidant properties 

 

The DPPH radical quenching activity of FPH 

at various concentrations was determined 

according to the method as described by Yen 

and Wu (1999).  

 

The ferric reducing antioxidant power of FPH 

was measured to reduce ferric ions to ferrous 

ions as determined at different concentrations 

by the method of Oyaizu (1986).  

 

The chelating activity of FPH at different 

concentration was measured by the method of 

Boyer and Mccleary, 1987 and was compared 

with standard metal chelator EDTA at 1mM.  

 

Determination of antimicrobial activity of 

fish protein hydrolysate (FPH) 

 

The antibacterial test for FPH was performed 

by the well diffusion method (Bauer et al., 

1966; Nair and Chanda, 2005).  

Statistical analysis 
 

The results were expressed as mean ± 

Standard Deviation (SD). The correlation 

coefficients between the parameters were 

carried out using the same software. The 

Statistical Package for Social Sciences [SPSS 

20 and IBM 2010] statistical package was 

used for analysis of the experimental results. 

Sufficient number of samples was carried out 

for each analysis. 

 

Results and Discussion 

 

Proximate composition of FPH 

 

The results of proximate composition of FPH 

prepared from Tilapia waste are presented in 

Table 1. From the results it was observed that 

protein was the major component in proximate 

composition of FPH which constituted to 

82.19% whereas the values of ash, moisture 

and fat were11.06%, 5.04%and 0.58% 

respectively. Protein content of FPH prepared 

from tilapia wastes was near to the values 

obtained from Tilapia meat hydrolysate (Foh 

et al., 2011), and catfish frame (Amiza et al., 

2011). High protein content of FPH 

demonstrates its potential use as protein 

supplements for human nutrition. In the 

present study, it was observed that the lipid 

content of FPH was 5.04% and such a lower 

fat content of FPH might be due to the 

removal of the fat layer after hydrolysis. Some 

authors have reported a lipid content below 

5% (Ovissipour et al., 2009, Bhaskar et al., 

2008) whereas few authors have reported that 

the fat content was above 5% level for FPH 

(Chalamaiah et al., 2010; Souissi et al., 2007).  

 

The ash content of fish protein hydrolysates 

from tilapia was observed to be 11.06%. Some 

authors have reported the ash content of fish 

protein hydrolysatein the range of 0.45- 27% 

of total composition (Benjakul and Morrissey, 

1997; Bhaskar et al., 2008). The high ash 
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content of FPH in this study might be due to 

the addition of sodium phosphate buffer 

during enzymatic processing (Benjakul and 

Morrissey, 1997; See et al., 2011). Most 

studies have demonstrated that the protein 

hydrolysates from various fishes contain 

moisture <10% (Wasswa et al., 2007; Bhaskar 

et al., 2008; Chalamaiah et al., 2010). In the 

present study, the FPH moisture content was 

5.04 ± 0.03% which is in agreement with 

Bueno-Solano et al., (2009). 

 

Antioxidant activities of Tilapia waste FPH 

 

Diphenyl-1picrylhydrazyl radical scavenging 

activity 

 

The DPPH radical-scavenging assay has been 

widely used to investigate the scavenging 

activities of antioxidant compounds. DPPH is 

a stable free radical that shows maximum 

absorbance at 517 nm in ethanol. When DPPH 

encounters a proton-donating substance such 

as an antioxidant, the radical is scavenged and 

the absorbance is reduced (Shimada et al., 

1992). The DPPH radical scavenging activity 

of FPH decreased with increasing 

concentration (p<0.05). Results suggested that 

BHT showed highest radical scavenging 

activity of 80.31 % at 200 mg/L, whereas FPH 

showed highest of 77.40% at 100 mg/L (Table 

2). The results were similar to Gajanan et al., 

2016(65-80% at 15% DH FPH from threadfin 

bream wastes) and higher than the reports (64-

79% DPPH free radical activity for different 

enzymes) of Elavarasan and Shamasundar 

(2013) in FPH from carps. 

 

The radical scavenging activity of the FPH 

was studied at different concentrations and it 

was observed that with increase in 

concentration, the radical scavenging activities 

of FPH decreased. The present results are in 

agreement with the findings of Klompong et 

al., (2007) and Bougatef et al., (2010) on 

yellow stripe trevally hydrolysates and 

Sardinella hydrolysates respectively where the 

DPPH radical scavenging activity was lower 

than that of BHA, BHT and α-tocopherol 

which showed a DPPH radical scavenging 

activity in the range of 89-96% at 200 ppm 

concentration. These antioxidants exhibited 

higher activity even at lower concentration but 

their use is strictly controlled due to their 

potential health issues (Bernardini et al., 

2011). 

 

Ferric reducing antioxidant power of FPH 
 

From the present study, it was observed that 

BHT had 1.57%Abs at 200mg/L whereas, 

FPH showed highest ferric reducing power of 

2.18 at 500 µg / mL (Table 2). Gajana et al., 

(2016) observed that Ferric reducing 

antioxidant power of 1% FPH prepared from 

frame waste of threadfin bream has increased 

with increasing concentration (p<0.05).The 

ferric reducing power has increased with 

increase in DH. In the present study results are 

similar to the findings of Elavarasan and 

Shamasundar (2013) in FPH prepared from 

washed mince of Indian major carps and FPH 

from striped catfish frame protein (Tanuja et 

al., 2012).  

 

The FPH samples showed ability to reduce the 

ferric cyanide complex. The degree of 

hydrolysis, nature of substrate, concentration 

of the sample and type of enzyme influences 

the reducing power (Zhu et al., 2006; 

Klompong et al., 2007). 

 

Metal chelating activity of FPH 

 

In present study, the metal chelating activity 

of FPH at different concentrations is depicted 

in Table 2. The results of present study 

showed that, the FPH was less efficient than 

commercial metal chelator (EDTA). The 

maximum metal chelating activity of FPH was 

seen at 500mg/L which was 49.27%whereas 

EDTA at 1.0 mM showed that 77.06%. 
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Table.1 Proximate composition of tilapia fish waste and fish protein hydrolysate 

 

 

Table.2 Antioxidant activities of tilapia waste FPH 

 

 

Table.3 Antioxidant activities of tilapia waste FPH 

 

 

The metal chelating ability of the FPH was 

very less at lower concentrations but 

increased with increasing the concentration. 

The chelating activity of peptides in 

hydrolysate could decrease lipid oxidation. 

The results are comparable with the result of 

Yarnpakdee et al., (2014) where the metal 

chelating activity was 53.8% at 30% degree 

of hydrolysis with papain enzyme. 

Samaranayaka and Li-Chan (2011) reported a 

chelating ability ranging from approximately 

7% to 46% for hydrolysates derived from 

pacific hake muscle by different hydrolysis 

procedures, at 5 mg/ml assay concentration. 

Similarly, Thiansilakul et al., (2007) found a 

chelating activity of 60% in round scad 

protein muscle hydrolysate, although the 

assay concentration was not specified. 

However, its metal chelating ability was 

significantly lower than that of EDTA which 

has strongest metal chelating ability of 90% at 

3 mg/mL. 

 

Antimicrobial activity of FPH 

 

Antimicrobial activity of FPH sample against 

gram+ve bacteria such as Staphylococcus 

aureus, Bacillus subtilis and gram – ve such 

as Escherichia coli was assessed. The FPH 

showed inhibitory zone against 

Staphylococcus aureus, Bacillus subtilis and 

Escherichia coli. The activity of FPH was 

S. NO Percentage Tilapia fish waste Fish protein hydrolysate 

1 Moisture 66.29 ± 0.2 5.04 ± 0.03 

2 Protein 14.93 ± 0.3 82.19 ± 0.02 

3 Fat 4.51 ± 0.3 0.58 ± 0.02 

4 Ash 8.6 ± 0.04 11.06 ± 0.02 

Sample 

concentrati

on (mg/l) 

DPPH Radical scavenging Activity (%) Ferric Reducing Antioxidant Power 

(%) 

Metal Chelating Activity (%) 

R1 R2 R3 Mean ± SD R1 R2 R3 Mean ± SD R1 R2 R3 Mean ± SD 

 100 76.52 78.26 77.39 77.40±0.86 0.70 0.62 0.65 0.65±0.05 25.08 23.28 21.93 23.43±1.58 

 200 73.91 73.04 74.78 73.9±0.87 0.86 0.95 0.92 0.91±0.04 31.14 31.20 30.54 30.96±0.36 

 300 70.43 68.69 69.56 69.56±0.87 1.37 1.45 1.37 1.38±0.09 39.62 38.83 39.78 39.41±0.50 

 400 67.82 67.86 68.69 68.12±0.49 1.84 1.72 1.84 1.80±0.08 44.20 45.34 45.87 45.13±0.85 

 500 65.21 63.47 65.21 64.25±0.88 2.13 2.28 2.13 2.18±0.10 48.98 49.25 49.59 49.27±0.30 

 BHT̷ 

EDTA 

80.0 80.86 79.13 80.31±0.48 1.53 1.52 1.53 1.57±0.06 76.07 77.03 78.08 77.06±1.00 

Microorganisms Zone of inhibition in mm* 

FPH Ampicillin 

1000ppm 800ppm 

Staphylococcus aureus 14.83±0.76 10.50±0.50 20.83±0.76 

Bacillus subtilis 12.83±1.04 8.50±0.50 21.50±1.50 

Escherichia coli 11.17±1.04 7.83±0.29 20.50±0.50 
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seen at 8 and 10 mg/ml with ampicillin as 

positive control at concentration of 1.0 

mg/mL. In the present study, with increase in 

the concentration of FPH, the zone of 

inhibition also increased. The zone of 

inhibition for Staphylococcus aureus was 

14.83±0.76 at 1000ppm and 10.50±0.50 at 

800ppm, for Bacillus subtilis it was 

12.83±1.04 at 1000ppm and 8.50±0.50 at 

800ppm, for Escherichia coli it was 

11.17±1.04 at 1000ppm and 7.83±0.29 at 

800ppm (Table 3). Our results are in 

comparison with Hayes et al., (2006) in which 

the antimicrobial effect of a protein 

hydrolysate increased in accordance with the 

diameter of the zone of inhibition formed. 

Similar results were reported by Khairi (2010) 

for FPH samples from viscera obtained using 

flavourzyme against S. aureus. Antimicrobial 

activity of hydrolysate with bromine samples 

could be attributed to the presence of 

antimicrobial peptides of cationic nature in 

the FPH samples. These peptides possess a 

net positive charge due to positively charged 

amino acid groups like lysine and arginine 

(Brogden et al., 2003). The other FPH 

samples did not show antimicrobial activity 

against test organisms. Similar results were 

obtained by Amissah (2012) for salmon skin 

FPH obtained using papain, trypsin and α-

chymotrypsin where no inhibitory effect was 

recorded towards E.coli K12 and Bacillus 

cereus. The reason for no inhibitory effect 

against microbes could be attributed to the 

fact that there are either no peptide sequences 

with inhibitory effect towards the selected 

microbes like B. subtilis, S. aureus and V. 

cholera - or the concentration of the crude 

hydrolysates used was too low to show any 

effect. But in the present study, at higher 

concentrations (800 and 1000ppm) the effect 

of E. coli and Bacillus was observed. The 

probable reason may be due to the fact that 

Gram negative bacteria are more resistant to 

antibacterial compounds such as lysozyme 

and penicillin than Gram positive bacteria due 

to the difference in the structure of their cell 

wall (Lehner et al., 2005). Gram-negative 

bacteria have more complex cell walls than 

Gram-positive bacteria due to the presence of 

two lipid membranes and lipopolysaccharides 

on the outer surface of the outer membrane 

(Lauth et al., 2002). 

 

The fish protein hydrolysate prepared from 

tilapia wastes has exhibited a varied 

antioxidant and antimicrobial properties. The 

DPPH radical scavenging activity and metal 

chelating activity showed concentration 

dependent activity. FPH showed ferric 

reducing activity at all concentrations and 

exhibited highest reducing power of 2.18% at 

500 µg /mL. The hydrolysate sample prepared 

using papain enzyme inhibited the growth of 

Staphylococcus aureaus, Bacillus subtilis and 

E. coli indicating antimicrobial activity. 

Hence it is feasible to produce antioxidants 

and antimicrobial peptides from tilapia waste 

by enzymatic hydrolysis and utilise them as 

antioxidant and antimicrobial compounds. 
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