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Abstract

Keywords

Silver carp (H. molitrix) is one of the most popular species in  sh farms around the world. In this 
paper, the bioactive properties of four protein hydrolysates from silver carp residues obtained with 
papain,  avourzyme, alcalase and combination of  avourzyme & alcalase treatment were analyzed. 
Physicochemical characterization showed that the alcalase extract had the highest extraction yield 
of 52.07%, presented 90.33% protein content and the highest degree of hydrolysis (76.23%). Gel 
electrophoresis pattern indicated that hydrolysate obtained with alcalase contains most peptides with 
a molecular weight below 15 kDa, while those present in the hydrolysate obtained with  avourzyme 
& alcalase had a molecular weight between 10-15 kDa. The e  ect of protein hydrolysates on DPPH 
free radicals inhibition varied between 47.37-50.14%, the highest value of antioxidant activity being 
recorded for hydrolysate obtained with papain. The hydrolysates presented antihypertensive potential 
determined as inhibition of angiotensin-converting enzyme, with the highest activity in the case of  a-
vourzyme & alcalase extract. The  sh protein hydrolysates were cytocompatible in a normal  broblast 
culture, NCTC cell line showing cell viability over 80% for all variants. When cultivated in Hep-2 
cancer cells at 10 mg/ml, the protein hydrolysates obtained by  papain and  avourzyme & alcalase 
mixture decreased the cell viability, indication antitumoral potential. In conclusion, the  sh protein 
hydrolysates demonstrated important bioactive properties, including antioxidant, antihypertensive and 
antiproliferative activity.
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Introduction 
Fish processing industry generates huge amount of 

wastes (skin, scales, bones, internal organs) that could be 
valorized to extract useful compounds, such as collagen, 
gelatin, bioactive peptides and minerals using physicochem-
ical and enzymatic methods. 

Fish protein hydrolysis can be performed by chemical 
(acidic, basic) or enzymatic treatment. The latter is easier 
to control, because enzymes cut proteins at certain sites re-
sulting in certain peptides and the best results are obtained 
under speci  c conditions (pH, temperature, exposure time). 
The enzymes used for this purpose can have microbial (  a-
vourzyme, alcalase, neutrase, protamex), plant (bromelain, 
 cin, papain) and animal (trypsin, pepsin, chymotrypsin) 

origin (Gao, 2021). Protein hydrolysates, resulting from the 
hydrolysis of native proteins, contain polypeptides and small 
bioactive peptides of 2-20 amino acids (Chalamaiah, 2012). 
Previous studies have showed that  sh hydrolysates present 
antioxidant properties both in vitro and in vivo, antitumor, 
anti-in  ammatory, antihypertensive, neuroprotective and 
antibacterial properties (Gao, 2021). The bene  cial proper-
ties of the hydrolysates depend on the hydrolysis degree of 
the peptide extracts, composition and size of the constituent 
peptides. 

Silver carp is a freshwater  sh of the cyprinid family 
found in farms around the world. The by-products result-
ing from its processing could be used to obtain protein hy-
drolysates and bioactive peptides by enzymatic hydrolysis. 
It was previously showed that enzyme hydrolysates of sil-
ver carp white muscle obtained by alcalase,  avourzyme, 
neutrase, papain, pepsin, protamex and trypsin treatment 
presented antioxidant activity with the highest value in the 
case of pepsin hydrolysates (Zhong et al., 2011). Analyzing 
silver crap  ns hydrolysates obtained with papain, alcalase, 
neutrase or trypsin, the highest antioxidant activity was re-
ported in the case of alcalase and trypsin treatment (Zhang et 
al., 2020). Wang studied the enzymatic hydrolysates of sil-
ver carp muscle in terms of antioxidant properties assessed 
as free radicals inhibition and their biological properties in 
Caco2 cell cultures (Wang et al., 2021).

The present paper aimed to obtain enzymatic protein hy-
drolysates from silver carp waste tissues (bones, meat, skin) 
using the following types of enzymes: papain,  avourzyme, 
alcalase, and a combined treatment with  avourzyme & 
alcalase. The physicochemical characterization of the four 
hydrolysates was performed in terms of extraction yield, 
protein content, degree of hydrolysis and gel electropho-
resis, then their antioxidant and antihypertensive activity 
assessment, while the biological evaluation consisted of 

biocompatibility and antiproliferative activity testing using 
stabilized cell lines.

Materials and methods

Obtaining  sh protein hydrolysates
Fish waste tissues were pretreated by washing, decalci-

 cation and delipidization and then subjected to hydroly-
sis with papain in phosphate bu  er 7.5 g/ml at pH 6,  a-
vourzyme in phosphate bu  er 4.5 g/ml at pH 7, alcalase 
in phosphate bu  er 4.5 g/ml at pH 8 and a combined treat-
ment with  avourzyme at pH 7 followed by alcalase at pH 8 
(Zamora-Sillero, 2018).

Yield and protein concentration
The extraction yield was calculated as percentage report-

ed to the amount of initial tissue put into work, based on the 
dry weight, according to the following formula.

Extraction yield (%) =  nal dry weight product / initial 
dry weight of raw material x 100 

Protein quanti  cation was done using Biuret assay based 
on reaction of CuSO4 with peptide bonds resulting in a pur-
ple colored complex. The absorbance was read at 540 nm 
at a Spectrostar nano microplate reader (BMG Labtech). A 
standard curve was built using bovine serum albumin in a 
range of 0-200 g/ml to calculate the protein concentration 
(Zheng et al., 2017)

Determination of the degree of hydrolysis using 
TNBS assay

The TNBS assay was used to quantify the free amino 
groups in the protein hydrolysate samples (Adler-Nissen 
1969). Trinitrobenzenesulfonic acid (TNBS) reagent was 
prepared in 0.05 M Tris bu  er, pH 8.3.  A solution of L-
leucine was used as standard. Absorbance was read at 346 
nm at a V-650 UV-VIS spectrophotometer (Jasco, Japan).

Gel electrophoresis
Samples of protein hydrolysates were migrated in Tri-

cine-SDS-polyacrylamide gel in 10-20% gradient of con-
centration, alongside a molecular weight marker. Before mi-
gration, the samples were mixed with Tricine SDS sample 
bu  er and a reducing agent. After migration, the proteins 
were  xed in the gel by incubation in 85% o-phosphoric 
acid solution containing methanol, for 60 min. Then, the gel 
was stained by incubation in Coomassie blue solution, for 
12 h and destained in 25% methanolic solution (Schagger, 
2006).

Antioxidant activity assay
The antioxidant activity was analyzed using DPPH meth-

od (Zhang et al., 2011). This method is based on reducing 
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the DPPH radical in solution, which has red-purple color, 
turning to yellow colored solution. The absorbance was read 
at 520 nm using a V-650 UV-VIS spectrophotometer (Jasco, 
Japan). The degree of inhibition of the DPPH radical was 
calculated using the formula:

%DPPH inhibition=(1–sample absorbance/blank 
absorbance)×100

Determination of angiotensin-converting enzyme 
(ACE) inhibition

To determine the inhibitory potential of protein hydro-
lysates on the ACE, the samples were mixed with the sub-
strate hippuryl-L-histidyl-L-leucine solution, dissolved in 
sodium borate bu  er and NaCl, and then, with ACE. The 
absorbance was measured at 228 nm. The inhibition of the 
enzyme activity was expressed as percentage from initial ac-
tivity (Papadimitriou et al 2012).

Cell cytotoxicity tests
The cytotoxicity evaluation of peptides samples was 

performed according to the standard SR-EN IS 10993. The 
samples were tested in vitro on normal mouse  broblast 
NCTC cells and human tumor epithelial Hep-2 cells, using 
MTT cell viability assay.After 48 hours of treatment, the 
samples were treated with tetrazolium bromide salt solution 
(MTT) and isopropanol. The absorbance of resulted solu-
tions was measured at the wavelength of 570 nm, using a 
Berthold plates reader (Germany). Cell viability was deter-
mined with the formula: %cell viability=(sample O.D./con-
trol O.D.)×100, where the viability of the Control culture is 
considered to be 100%.

Results and discussion

Yield and protein content
The extraction yield and protein content of the four enzy-

matic hydrolysates varied between 20.94-52.07% and 32.32-
95%, respectively (Table 1). The lowest extraction yield was 
recorded in the case of papain hydrolysis (20.94%), but the 
extract had the highest protein content of 95%. These val-
ues were higher than those obtained by Noman et al. (2018) 
which reported values of 17.47% for yield and 79.67% for 
protein content as results of Chinese stugeron hydrolysis with 
papain. The hydrolysate obtained by alcalase treatment had 

the highest extraction yield (52.07%), which was 248.66% 
higher than the papain hydrolysate yield, while the protein 
content was 90.33%. In the case of hydrolysates prepared 
by  avourzyme and  avourzyme & alcalase treatment, the 
extraction yields were 48.4% and 50.4%, respectively, while 
the protein content was 32.32% and 58.11%, respectively.

Degree of hydrolysis
The degree of hydrolysis performed with di  erent en-

zymatic treatments in  uences the peptides size and their 
biological properties. In our study, the degree of hydrolysis 
after treatment with papain,  avourzyme and alcalase varied 
between 61.4 -76.23% (Table 1). The highest degree of hy-
drolysis was obtained in the case of alcalase treatment. Simi-
lar results regarding the degree of hydrolysis of  sh proteins 
after alcalase and papain treatment were reported by Je et 
al. (2007) in a study analyzing the hydrolysates from tuna 
backbone. Other researches noted higher hydrolysis degree 
of peptide extracts from  sh by-products obtained with al-
calase, compared to that of extracts obtained with other en-
zymes (papain, neutrase,  avourenzyme, protamex) (Idow 
et al., 2018; Zhang et al. al., 2021).

Gel electrophoresis
The pattern of protein hydrolysates migration in 10-20% 

gradient gels of SDS-tricine-polyacrylamide gel allowed the 
evaluation of their molecular weight. Following electropho-
resis, polypeptides with a molecular weight between 10-15 
kDa were observed in high proportion in all analyzed hydro-
lysates (Fig. 1). The hydrolysate obtained by  avourzyme 
treatment also presented peptides with molecular weight 
around 40 kDa. Instead, the hydrolyzate obtained by alcal-
ase treatment contained  mainly peptides with low molecular 
weight between 3-12 kDa. Previous studies of Roslan et al. 
(2014) reported the presence of low molecular weight pep-
tides (below 3.5 kDa)  in the protein hydrolysate obtained 
from tilapia by-products using alcalase, as showed the SDS-
tricine-polyacrylamide electrophoresis analysis.

Antioxidant activity
In our study, the enzymatic hydrolysis of  sh by-products 

resulted in bioactive peptides able to neutralize free radicals 
by donating an electron or a proton. Determination of the 
antioxidant activity by DPPH assay in the obtained hydro-
lysates showed that the values of DPPH radicals inhibition 

Table 1. Extraction yield, protein content and hydrolysis degree of protein 
hydrolysates. The results are expressed as mean ± SD (n=3). 

Papain 
hydrolysate     

Flavourzyme 
hydrolysate

Alcalase 
hydrolysate

Flavourzyme & 
alcalase hydrolysate

Extraction yield [%] 20.94 ±2.52 48.45 ±2.77 52.07 ±2.31 50.40±2.64
Protein content [%] 95.00 ±0.035 32.32 ±0.02 90.33 ±0.013 58.11 ±0.021

Hydrolysis degree [%] 61.40 ±0.26 66.33 ±0.1 76.23 ±0.15 67.50±0.23
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degree varied in a narrow range between 47.37-50.14%, 
at a concentration of 10 mg/ml enzyme  sh hydrolysate 
(Fig. 2).

Numerous studies have demonstrated the antioxidant ef-
fects of di  erent  sh hydrolysates obtained with di  erent en-
zymatic Peptides isolated from bones, meat, viscera and skin 
with alcalase, chymotrypsin, papain, pepsin,  avourzyme, 
protamex, neutrase have been shown to have antioxidant 
activity (Chalamaiah et al., 2012; Idow et al., 2018; Tacias-
Pascacio et al., 2021). Je et al. (2007) analyzed the degree 
of inhibition of several hydrolysates obtained by treatment 
of tuna backbone with di  erent enzymes and reported the 
highest value in the case of papain (36.72%) and the lowest 
in the case of alcalase (4.82%). Other studies analyzing the 
antioxidant activity of enzymatic hydrolysates from Alaska 
pollock skin by DPPH assay showed similar values of inhi-
bition degree (32-50%) and the highest antioxidant activity 
for peptides extract obtained by  avourzyme treatment (Jia 
et al., 2010). Li et al (2012) reported that higher DPPH inhi-
bition degree was noted in the case of hydrolyzate of grass 
carp meat obtained with papain compare to the one obtained 
with alcalase. (Li et al., 2012).

Antihypertensive activity
ACE inhibitors prevent the occurrence of high blood 

pressure by inhibiting the enzyme that catalyzes the con-
version of angiotensin I to angiotensin II, which is a vaso-
constrictor (Lee et al., 2010). In our study, the enzymatic 
hydrolysates showed ACE inhibition potential, whose val-
ues varied between 50.75-63.65% (Fig. 3). The enzymatic 
hydrolysate obtained with alcalase showed a slightly higher 
degree of ACE inhibition than that obtained with papain. 
Similar results were reported by Lee et al. (2010) for the 
hydrolysates obtained by treating the tuna skeleton with sev-
eral enzymes, including papain and alcalase, observing that 
alcalase hydrolysate had a slightly higher antihypertensive 

activity than papain hydrolysate. As in our case, the degree 
hydrolysis of the alcalase extract was higher than that of 
papain, and this may in  uence the antihypertensive activity 
(Lee et al., 2010). Also Choonpicharn et al. (2015) found 
that gelatin hydrolysate from Nile tilapia skin obtained with 
alcalase exhibited an increased antihypertensive activity 
than papain hydrolysate.

Biocompatibility and antiproliferative activity
The results of biocompatibility test performed in normal 

 broblast cells (NCTC cell line) have showed variable cell 
viability when cultivated in the presence of protein hydro-
lysates, depending on the samples concentration (3-6 mg/ml) 
(Fig. 4). In the case of papain hydrolysate, the values of cell 
viability were higher than 80% for all tested concentrations. 
The  avourzyme hydrolysate was cytocompatible (cell vi-
ability over 80%) at concentrations ranging between 3-6 mg/
ml, and induced a decrease of cell viability down to 58.5% at 
a concentration of 10 mg/ml protein hydrolysate in the culture 
media. Similar variation was observed in the case of alcalase 
hydrolysate, but the cell viability values decreased to 73.94 
and 48.7%, at 8 and 10 mg/ml, respectively, the last value 
representing the lowest viability in the experiment. The  a-
vourzyme and alcalase hydrolysate induced an increase of the 

Figure 1. Gel electrophoresis of protein hydrolysates obtained 
by papain (1),  avourzyme (2), alcalase (3) and  avourzyme 
& alcalase (4) treatment. A low molecular weight marker 
(1.7-40 kDa) (5) was migrated in the same gel.

Figure 2. The antioxidant activity of the enzymatic 
hydrolysates determined as DPPH free radicals inhibition. 
The results are expressed as mean ± SD (n=3).

Figure 3. Inhibition potential of protein hydrolysates on 
ACE. The results are expressed as mean ± SD (n=3).
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cell viability at concentrations between 3-6 mg/ml, showing 
stimulation of cell metabolism. Thus, the values of cell viabil-
ity (103.12%-107.41%) were higher than that in the control 
sample (100%). At higher concentrations, the cell viability 
decreased down to 80.5%. All hydrolysates were cytocom-
patible, excepting the  avourzyme and alcalase extracts, at 
8-10 mg/mL.

The evaluation of the antiproliferative activity was 
performed in a stabilized line of Hep-2 tumor cells in the 
presence of di  erent samples concentrations (3-10 mg/ml). 
Antiproliferative activity of the analyzed  sh protein hydro-
lysates increased proportionally with their concentration, 
thus reaching the maximum value at the concentration of 10 
mg/ml. The protein hydrolysates obtained by combined treat-
ment with  avourzyme and alcalase applied in the culture 
of Hep-2 cancer cells, at 10 mg/ml concentration, showed 
lower cell viability (29.58%) than the identical treatment in 
NCTC cell culture (80.5%) (Fig. 5). 

The antiproliferative character was also observed in the 
case of papain extract at 10 mg/ml concentration, because 
the cell viability of Hep-2 cells was 39.8%, while in NCTC 
cells identically treated was 80.7%. In the case of hydro-

lysates obtained with separate alcalase and  avourzyme, the 
viability of Hep-2 cells was 34.7% and 47.2% at 10 mg/ml 
concentrations, but they were cytotoxic for normal NCTC 
cells. Thus, the protein hydrolysates obtained with papain 
and combined  avourzyme-alcalase treatment had antipro-
liferative activity in Hep-2 tumor cells.

Previous studies on the bioactive properties of roe or 
 sh peptides showed their antiproliferative e  ect. Half-  n 

anchovy pepsin hydrolysate had antiproliferative e  ect on 
DU-145 human prostate cancer cell line, 1299 human lung 
cancer cell line and 109 esophagus cancer cell line (Song et 
al., 2011). Rohu roe pepsin hydrolysate showed antiprolif-
erative e  ect against Caco-2 cells (Chalamaiah et al., 2015). 
Two peptides obtained from tuna dark muscle using papain 
and protease XXIII showed antiproliferative e  ect on hu-
man breast cancer cell line MCF-7 (Zamora-Sillero, 2018).

Conclusions
The protein hydrolysates obtained from silver carp tissue 

waste (skin, bones, meat) by enzymatic treatment with pa-
pain,  avourzyme and alcalase demonstrated important bio-
active properties, including antioxidant, antihypertensive and 
antiproliferative activity. The study recommends their further 
analysis as ingredients of novel valuable nutraceuticals.
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