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ABSTRACT 

 

The protein hydrolysates with antioxidant and antimicrobial potential have become a theme of great interest for 

pharmaceutical, nutraceuticals, as well as food processing and preservation industries. On the other hand, chemical 

composition of fish protein hydrolysates is significant in nutrition perspective of human health. Hence, in the present 

study proximate and amino acid compositions, antioxidant and antimicrobial activities of Alburnus tarichi roe 

protein hydrolysate was estimated. Protein, lipid, moisture, and ash content were found to be 87.24±0.1, 0.72±0.04, 

8.79±0.3, and 7.01±0.09%, respectively. Glutamic acid, aspartic acid, lysine, leucine and alanine were found to be 

the most dominant amino acids, whereas, cysteine was found to be the lowest amino acid in roe protein hydrolysate. 

The IC50 value of roe protein hydrolysate for DPPH radical and hydroxyl-radical scavenging activities were 54.33 

μg/mL and 77.02 μg/mL, respectively. The reducing power of A. tarichi roe protein hydrolysate was analyzed, the 

optical density values of roe protein hydrolysate and gallic acid at 700 nm were 0.45±0.03 and 1.14±0.09, 

respectively. Roe protein hydrolysate had shown maximum zone of inhibition against Klebsiella pneumoniae 

(11.1±0.30 mm) followed by Salmonella enterica (10.7±0.46 mm), Proteus mirabilis (10.1±0.35 mm) and Candida 

albicans (8.7±0.34 mm). The results demonstrated the importance of amino acid composition in determining the 

bioactive potential of the peptides. The results showed that roe protein hydrolysates of A. tarichi was proved to show 

good effect on antioxidant and antimicrobial activities and can be used a source for nutraceuticals and 

pharmaceuticals. 
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1. Introduction 

Fish is one of the potential sources of an-

imal protein and essential nutrients for the 

maintenance of a healthy body in the devel-

oping countries (Lees and Carson, 2020). 

Fish protein hydrolysates are reported as a 

source of promising health benefit compo-

nents for nutritional or pharmaceutical appli-

cations (Chakniramol et al., 2022). The fish 

protein hydrolysates obtained after hydroly-

sis are composed of free amino acids and 

short chain of peptides showing many ad-

vantages as nutraceuticals or functional 

foods because of their amino acid profile. 

The amino acid composition of any food 

proteins has substantial role in numerous 

physiological activities of human body and 

affects either directly or indirectly in main-

taining good health (Alboofetileh et al., 

2021). 

Fish protein hydrolysates have been 

proved to have potential role in nutritional 

and pharmaceutical applications (Lees and 

Carson, 2020; Alboofetileh et al., 2021; 

Chakniramol et al., 2022). Certain fish pro-

tein hydrolysates have been reported to have 

noticeable antioxidant activities and it has 

been proposed that they can be used as a 

natural antioxidant (Heffernan et al., 2021). 

The protein hydrolysates with antioxidant 

potential have become a theme of great in-

terest for pharmaceutical, nutraceuticals, as 

well as food processing/preservation indus-

tries (Nirmal et al., 2022). On the other hand, 

fish exhibit different types of antimicrobial 

peptides. Almost all antimicrobial peptides 

obtained from fish have antibacterial or bac-

teriostatic functions against several gram-

positive and gram-negative bacteria (Zamo-

ra-Sillero et al., 2018). 

Alburnus tarichi, Güldenstdt, 1814 (pearl 

mullet) is an anadromic endemic carp spe-

cies that migrates to streams (between mid-

April and mid-July) living in the high pH 

waters of Lake Van and pouring into the lake 

for breeding. A. tarichi can leave approxi-

mately 6.000-16.000 eggs. Due to its fast 

growth and suitable price, A. tarichi current-

ly is regarded a high economic value fish 

species in Turkey (Oğuz, 2018). 

In this study, it was aimed to investigate 

the proximate composition, amino acid com-

position, antioxidant, and antimicrobial ac-

tivities of A. tarichi roe protein hydrolysate. 

 

2. Materials and Methods  

 

2.1. Preparation of Roe Protein Hydroly-

sate from A. tarichi 

A. tarichi was obtained freshly from sev-

eral fishermen in Van, Turkey in March 

2019. Necessary permissions were obtained 

from Van Animal Experiments Local Ethics 

Committee of Van Yuzuncu Yil University 

(Decision number: 2019/03, Date: 

28.03.2019). Roes of the fish were isolated, 

homogenized, and kept at −20°C until use. 

Roe protein hydrolysate was prepared from 

defatted A. tarichi roe powder using Prote-

ase N (Bligh and Dyer, 1959). 

 

2.2. Chemical Analysis of Protein 

Hydrolysate 

 

2.2.1. Total Protein 

The total protein content was estimated by 

Folin-ciocalteu method (Lowry et al., 1951).  

 

2.2.2. Total Lipid 

The lipid content was estimated according 

to the method of Folch et al. (1956). 

 

2.2.3. Moisture and Ash 

Moisture and ash contents were 

determined using the method of Kuzucu et 

al. (2017). 

 

2.2.4. Amino Acid Analysis of Hydrolysate 

The lyophilized hydrolysate was analyzed 

for the amino acid composition in the HPLC 

(Agilent 1100 HPLC system, Agilent 

Technologies, Santa Clara, CA, USA) 

(Baker and Han, 1994). 

  



Berköz, M., Yunusoğlu, O., Özkan-Yılmaz, F., Özlüer-Hunt, A., Yalın, S., Türkmen, Ö. MedFAR (2023) 6(1): 26-36 

28 

 

2.3. Antioxidant Activity 

 

2.3.1. DPPH Radical Scavenging Assay 

DPPH radical scavenging activity of hy-

drolysate was determined by the method 

followed by Wu et al. (2003). 

 

2.3.2. Hydroxyl-radical Scavenging Assay 

The hydroxyl-radical scavenging activi-

ties of the samples were analyzed by the 

method described by Halliwell et al. (1987). 

 

2.3.3. Reducing Power Assay 

The reducing power of the fractions of roe 

protein hydrolysate was measured by the 

method followed by Zhu et al. (2008). 

 

2.4. Antimicrobial activity 

Antimicrobial activity of roe protein hy-

drolysate was analyzed by well diffusion 

method followed by Schillinger and Luke 

(1989). 

2.5. Statistical Analysis 

All experiments were arranged in tripli-

cate. Obtained data were presented as mean 

± standard deviation. Statistical evaluation 

was performed using SPSS software version 

15.0 (SPSS Inc., Illinois, USA). p<0.05 was 

taken into account in the evaluation of the 

data 

 

3. Results  

 

3.1. Chemical Analysis of Hydrolysate 

The proximate composition of roe protein 

hydrolysate of A. tarichi was given in Table 

1.  

The amino acids were analyzed from the 

protein hydrolysate of A. tarichi roe. Table 2 

shows the amino acid composition of protein 

hydrolysate of this fish. In the studied fish 

protein hydrolyzate, aspartic acid, leucine, 

lysine, alanine and glutamic acid were found 

the most among all the amino acids studied. 

Cysteine was determined as the least amino 

acid. 

 

Table 1. Proximate composition (%) of roe protein hydrolysate of A. tarichi 

Composition Percantage (%) 

Protein 87.24±0.19% 

Lipid 0.72±0.04% 

Moisture 8.79±0.3% 

Ash 7.01±0.09% 

 

Table 2. Amino acid composition (%) of roe protein hydrolysate of A. tarichi 

Amino acids Percantage (%) 

Aspartic acid 10.1 

Alanine 9.8 

Glutamic acid 14.7 

Cysteine 0.2 

Proline 4.4 

Glycine 6.3 

Tyrosine 3.2 

Arginine 5.1 

Histidine 2.8 

Isoleucine 3.7 

Leucine 8.6 

Lysine 9.9 

Methionine 3.8 

Phenylalanine 2.6 

Threonine 5.8 

Serine 4.2 

Valine 4.4 
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3.2. Chemical Analysis of Hydrolysate 

The scavenging ability in DPPH and 

hydroxyl-radical assays of A. tarichi roe 

protein hydrolysate in a concentration of 

μg/mL was found to be 63.8±2.3% and 

53.8±2.8%, respectively (Figure 1 and 

Figure 2). The IC50 value of roe protein 

hydrolysate for DPPH radical and hydroxyl-

radical scavenging activities were 54.33 

μg/mL and 77.02 μg/mL, respectively.  

 

 
Figure 1. DPPH radical scavenging activity 

of roe protein hydrolysate of A. tarichi 

 

 
Figure 2. Hydroxyl radical scavenging activ-

ity of roe protein hydrolysate of A. tarichi 

 

As a result of the analysis, the optical 

density values of roe protein hydrolysate and 

gallic acid at 700 nm were 0.45±0.03 and 

1.14±0.09, respectively (Figure 3). The re-

ducing power of gallic acid using as positive 

control in our study was statistically signifi-

cantly higher than the protein hydrolysate 

(p<0.05). 

 

 

Figure 3. Hydroxyl radical scavenging activ-

ity of roe protein hydrolysate of A. tarichi 

 

3.3. Antimicrobial activity 

In the present study roe protein hydroly-

sate was analyzed for antimicrobial activity 

by well diffusion method. Seven human bac-

terial pathogens such as E. coli, S. typhi, S. 

enterica, K. pneumoniae, P. mirabilis, S. 

aureus and V. vulnificus and three fungal 

pathogens such as C. albicans, C. glabrata, 

and C. tropicalis were used for antimicrobial 

activity analysis. The zone of inhibition was 

observed against all the pathogens tested. 

Hence the result of roe protein hydrolysate 

had revealed their potent antimicrobial activ-

ity (Table 3). 

Roe protein hydrolysate had shown max-

imum zone of inhibition against K. pneu-

moniae (11.1±0.30 mm) followed by S. en-

terica (10.7±0.46 mm), P. mirabilis 

(10.1±0.35 mm) and C. albicans (8.7±0.34 

mm) (Table 3). Hence roe protein hydroly-

sate from A. tarichi were proved to have high 

antimicrobial activity against the tested hu-

man bacterial and fungal pathogens. 
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Table 3. Zone of inhibition produced by roe protein hydrolysate of A. tarichi 

Pathogens Zone of inhibition (mm) 

Staphylococcus aureus 7.1±0.24 

Vibrio vulnificus 8.1±0.46 

Proteus mirabilis 10.1±0.35 

Klebsiella pneumoniae 11.1±0.30 

Salmonella enterica 10.7±0.46 

Salmonella typhi 5.6±0.23 

Escherichia coli 7.6±0.39 

Candida albicans 8.7±0.34 

Candida glabrata 7.6±0.28 

Candida tropicalis 7.1±0.56 

 

4. Discussion and Conclusion 

The chemical content of fish protein hy-

drolysates is important for a healthy diet of 

humans. (Lees and Carson, 2020; Al-

boofetileh et al., 2021; Chakniramol et al., 

2022; Borges et al., 2023; Langlois et al., 

2023). In the present study the protein con-

tent of roe protein hydrolysate of A. tarichi 

was 87.24%. Hence, this protein hydrolysate 

was rich in protein content, it could be con-

sidered as an essential source of proteins. 

Similar result was recorded by Kristinsson 

and Rasco (2000) and Pacheco-Aguilar et al. 

(2008) in Salmo salar (88.39%) and Merluc-

cius productus (88.6%) muscle protein hy-

drolysates, respectively. The protein content 

of fish muscle hydrolysates has been report-

ed as 60-97% of the total composition. (Kris-

tinsson and Rasco, 2000). The excess content 

indicated for fish protein hydrolysates can be 

explained by the dissolution of the proteins 

during hydrolysis and also the removal of 

insoluble solid particles by centrifugation 

(Chala-maiah et al., 2012). The high protein 

content of the investigated fish hydrolysates 

made it suitable as a dietary supplement. 

We found the lipid content of roe protein 

hydrolysate of A. tarichi as 0.72%, similar 

result was reported from Lutjanus vitta mus-

cle protein hydrolysates (0.64%) by 

Khantaphant and Benjakul (2008) and Oreo-

chromis niloticus meat hydrolysates (0.67%) 

by Foh et al. (2011). The lipid content of 

most of the fish muscle protein hydrolysates 

were reported as less than 5% by several 

researchers in various fish species (Kristins-

son and Rasco, 2000, Pacheco-Aguilar et al., 

2008, Khantaphant and Benjakul, 2008). It 

accounts for the low oil content of fish pro-

tein hydrolysates due to the elimination of 

undissolved compounds and lipids by cen-

trifugation (Shahidi et al., 1995). 

Moisture content was 8.79% in the cur-

rent study, almost similar value of moisture 

content was reported by Thiansilakul et al. 

(2007) and Dong et al. (2005) in Decapterus 

maruadsi (8.75%) and Saurida elongata 

(8.5%) protein hydrolysates. But the present 

value was lower than the value reported by 

Khantaphant and Benjakul (2008) in Lutja-

nus vitta muscle protein hydrolysates 

(11.16%). It causes low moisture content in 

protein hydrolysates due to the type of sam-

ples and oven drying and evaporation pro-

cesses (Bueno-Solano et al., 2009). Most 

studies have proven that fish protein hydrol-

ysates from various species contain less than 

10% moisture (Kristinsson and Rasco, 2000, 

Pacheco-Aguilar et al., 2008, Choi et al., 

2009). 

In the present study, the ash content was 

7.01%. Dong et al. (2005) recorded almost 

similar value of ash in Saurida elongata pro-

tein hydrolysates (7.1%). The ash content of 

most of the fish muscle protein hydrolysates 

was reported as 1.76% to 24.56% of total 

composition (Kristinsson and Rasco, 2000, 

Thiansilakul et al., 2007, Pacheco-Aguilar et 
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al., 2008, Choi et al., 2009, Foh et al., 2011). 

The ash content of fish protein hydrolysates 

may have been found to be high due to the 

acid or base substances added to balance the 

pH of the medium (Kristinsson and Rasco, 

2000, Dong et al., 2005, Pacheco-Aguilar et 

al., 2008, Choi et al., 2009). 

Among the amino acids studied aspartic 

and glutamic acid and lysine were found to 

be dominant in the protein hydrolysate pre-

pared from A. tarichi roe. This result shows 

good agreement with the amino acid compo-

sition of various fish protein hydrolysates 

(Klompong et al., 2009, You et al., 2011, 

Ghassem et al., 2014). In this present study, 

amount of glutamic acid was recorded in A. 

tarichi roe protein hydrolysate to be 16.5%, 

almost similar value was recorded by 

Ghassem et al. (2014) in Channa striatus 

myofibrillar protein hydrolysates (16.4%) 

produced by proteinase K and You et al. 

(2011) in Misgurnus anguilliacaudatus pro-

tein hydrolysates (16.7%). The amount of 

aspartic acid was recorded to be 10.1%. Sim-

ilarly, Khantaphant et al. (2008) recorded 

10.65% and 10.73% of aspartic acid in Lut-

janus vitta muscle protein hydrolysates. Ly-

sine was also found to be dominant in A. 

tarichi to be 10.1%, almost similar value was 

recorded by Ghassem et al. (2014) in Chan-

na striatus sarcoplasmic protein hydrolysates 

(9.9 ± 0.64%) produced by proteinase K. 

Fish protein hydrolysates have been reported 

to exhibit differences in their amino acid 

compositions (You et al., 2011, Hou et al., 

2011, Ghassem et al., 2014). Some factors 

such as hydrolysis conditions, type of en-

zyme, raw material may be the reason for the 

difference in amino acid composition of fish 

protein hydrolysates (Klompong et al., 

2009). 

Protein hydrolysates of various fish 

sources such as whole capelin, tuna cooking 

juice, skin gelatin from brown stripe red 

snapper, mackerel, yellow fin sole frame, 

Alaska pollack frame, round scad muscle, 

Atlantic salmon, hoki, conger eel, yellow 

travelly, mackerel, loach and Pacific hake 

muscle have been proved to have antioxidant 

activity (Klompong et al., 2009). Some stud-

ies have shown that there is a good correla-

tion between certain amino acid residues and 

the antioxidant potential of protein hydroly-

sates (González-Serrano et al., 2022). It is 

accepted that peptides with higher content of 

lysine, tyrosine, histidine, methionine, tryp-

tophan, proline, alanine, valine and leucine 

have more antioxidant properties (Liu et al., 

2021). The protein hydrolysates prepared 

from A. tarichi roe contained all these anti-

oxidants related amino acids. Hence the pre-

sent study has also focused on the antioxi-

dant activity of protein hydrolysate prepared 

from A. tarichi roe. For this aim, DPPH and 

hydroxyl radical scavenging assays were 

used for finding out the antioxidant activity 

of the protein hydrolysate of A. tarichi roe.  

DPPH, one of the organic nitrogen radi-

cals, takes an electron or hydrogen atom, 

becoming a stable and commercially stable 

diamagnetic molecule (Mäkinen et al., 

2022). Maximum DPPH radical scavenging 

activity of the protein hydrolysate of A. 

tarichi was found to be 63.8%. Sampath 

Kumar et al. (2011) reported almost similar 

value of antioxidant activity in the crude fish 

protein hydrolysate prepared from the horse 

mackerel, Magalaspis cordyla viscera pro-

tein to be 61.1%. Similarly, Nazeer et al. 

(2012) recorded to be 59.7% of DPPH radi-

cal scavenging activity in croaker muscle 

protein hydrolysates. The hydroxyl radical is 

an extremely reactive free radical that can 

severely damage polymer biomolecules such 

as DNA, fatty acids, proteins (Zhou et al., 

2012). Maximum hydroxyl radical scaveng-

ing activity of the protein hydrolysate of A. 

tarichi was found to be 53.8%. Almost simi-

lar value was recorded by Sampath Kumar et 

al. (2011) in the horse mackerel visceral pro-

tein hydrolysates (48.3%) and Nazeer et al. 

(2012) in the croaker muscle protein hydrol-

ysates (49.7%). In the present study the IC50 

value of protein hydrolysates of A. tarichi 

roe for DPPH and hydroxyl radical scaveng-

ing activities were recorded as 54.33 μg/mL 

and 77.02 μg/mL, respectively. Similarly, 

Ranathunga et al. (2006) reported IC50 value 

of 74.1 μM for hydroxyl radical scavenging 

activity of antioxidative peptide derived 
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from muscle of conger eel (Conger myrias-

ter). However, Kim et al. (2007) reported 

IC50 value of hoki frame protein hydrolysates 

for DPPH and hydroxyl as 41.37 μM and 

17.77 μM respectively. Sun et al. (2013) also 

reported that IC50 value of tilapia gelatin 

peptides for hydroxyl radical scavenging 

activity was 22.47 μg/mL. The DPPH radical 

scavenging property may support that hy-

drolysate have hydrophobic amino acid con-

tent, which is more suitable for oil-soluble 

radicals of DPPH. The hydroxyl radical can 

be scavenged by the electron/hydrogen do-

nor process by protein hydrolysates. The 

activity of the hydroxyl radical is the strong-

est among the free oxygen species, since it 

reacts more easily with biomolecules such as 

protein, lipid, and DNA. Since it reacts more 

easily with biomolecules such as protein, 

lipid and DNA, the activity of the hydroxyl 

radical is the strongest among the free oxy-

gen species. Therefore, neutralization of the 

hydroxyl radical is perhaps the most effec-

tive defense for a living cell or organ (Liu et 

al., 2023). 

The reducing power of roe protein hy-

drolysate exhibited the optical density value 

of 0.45±0.03. Free radicals are reduced by 

electron donating. The electron donating 

probability indicates the reducing ability of a 

compound, which is its antioxidant property 

(Zhang et al., 2023). The reduction potential 

of protein hydrolysates has been determined, 

but the details are not clear. The reductants 

can reduce free radicals by transmitting elec-

trons to them. The electron donating possi-

bility of a given compound, termed as reduc-

ing ability, may serve as a substantial indica-

tor of its probable antioxidant activity 

(Zhang et al., 2023). The reducing power 

ability is observed commonly from protein 

hydrolysates, but the exact nature is still un-

clear. 

In some studies, it has been revealed that 

the peptides of the fish proteins obtained 

have stronger antioxidant potential in differ-

ent oxidative systems (Sun et al., 2021). Alt-

hough the information about the antioxidant 

function of peptides is not known in detail, it 

has been stated that histidine and a few aro-

matic amino acids are of great importance in 

this case. Antioxidant activity of protein hy-

drolysates mainly depends on the peptides 

present in the hydrolysates. The hydroly-

sates, which are rich in peptides containing 

especially hydrophobic amino acids are sup-

posed to possess high antioxidant activity 

(Heffernan et al., 2021). As a result, we can 

suggest that the amino acid composition of 

peptides in protein hydrolysates is a critical 

factor in directing the antioxidant activity of 

protein hydrolysates. 

In antimicrobial activity roe protein hy-

drolysate tested against seven bacterial path-

ogens and three fungal pathogens. Roe pro-

tein hydrolysate of A. tarichi was proved to 

have antimicrobial activity against the tested 

human bacterial and fungal pathogens. This 

result was supported by Ramkumar et al. 

(2005), who reported antibacterial activity of 

epidermal layer of coral reef associated fish 

of Tuticorin coast and proved that antibacte-

rial activity of Siganus canaliculatus against 

eight bacterial pathogens. Wang et al. (2011) 

also reported that the serum sample from 

rabbit fish (Siganus oramin) can inhibit the 

growth of both gram-negative bacteria and 

gram-positive bacteria especially B. subtilis, 

E. coli and A. sobria were highly sensitive to 

the serum. 

Furthermore, the protein hydrolysates ob-

tained from various fish sources were proved 

to have antimicrobial activity. Song et al. 

(2012) proved that pepsin hydrolysate of 

half-fin anchovy (Setipinna taty) have anti-

bacterial activity against E. coli. Sila et al. 

(2014), reported that peptides from the pro-

tein hydrolysates of Barbus callensis muscle 

showing antibacterial activity against the 

gram-positive (S. aureus, Listeria monocyto-

genes, Micrococcus luteus, Enterococcus 

faecalis and Bacillus cereus) and the gram-

negative (Pseudomonas aeruginosa, E. coli, 

K. pneumoniae, S. enterica and Enterobacter 

sp.) bacterias. Tang et al. (2015), stated that 

Anchovy (Engraulis japonicus) cooking 

wastewater protein hydrolysates having an-

timicrobial activity. And also, the second 

structure of peptides, peptide content, amino 

acid sequence are important factors that 
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change the strength of antibacterial activity 

(Shahidi and Zhong, 2008). 

In conclusion, the results demonstrated 

the importance of amino acid composition in 

determining the bioactive potential of the 

peptides. The results showed that roe protein 

hydrolysates of A. tarichi was proved to 

show good effect on antioxidant and antimi-

crobial activities and can be used a source 

for nutraceuticals and pharmaceuticals, in-

deed in vivo studies are needed. 
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