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Effect of pH, temperature and NaCl on antioxidant peptides 

from Iraqi buffalo whey proteins hydrolysates 
 

Abstract 

        The aim of this work was to isolate and characterize 

antioxidant peptides from Iraqi buffalo whey proteins 
cocentarate hydrolysates (BWCH) which were prepared 5g\10 

ml by Alcalase enzyme at 240 min. and studied the effect of 

temperature, pH and NaCl on the antioxidant activity. Five 

different peptides from Alcalase hydrolysates (Alcalase1-

Alcalase5) were isolated using gel filtration chromatography and 

showing different antioxidant activates.Two of them Alcalase1, 

Alcalase2  (3 mm) displayed the highest DPPH radical 

scavenging activity (84.31, 81.23%). The molecular mass of 

purified was determined using electrophoresis and amino 

analyzer estimated amino acids. Then tested activity of Fe⁺² 

chelating and reducing power. The two peptides showed stability 

of antioxidant activity at 60°C, pH 7 and 4% NaCl.    

Keywords: Peptides, Antioxidant, Buffalo whey proteins 

concentrate, Proteins hydrolysates. 

                                                                                                        

 لمستخلصا

 هدفح الدراسث الى عزل وخوصيف الةةديداج المضادت للأكسدت من مدحللاج مركز    

( الدااااا  خااااا  خحضااااايرها BWCHبروخيناااااج حااااارج ملياااااا ال)اااااامو  ال را اااا   

د يقث ودراساث  041عند  Alcalaseمل ماء مقطر باسد مال إنزي   01 \ملغ 5بدركيز

ى النشااام مضاااد خاايرير در ااث الحاارارت ودر ااث الحمويااث وكلوريااد ال ااوديو  علاا

باساااد مال  (Alcalase5-Alcalase1)للأكسااادتم خااا  عااازل امااات بةدياااداج م دل اااث

كروماخو رافيااا الدرحاايه ال لاماا  وفع اارج ف اليااث مضااادت للأكساادت م دل ااثم فع اار 

ملغا ( فعلاى  3بدركياز    Alcalase1و Alcalase2ارنداا  مان الةةدياداج الم  اولث 

٪(م خاااا  خقاااادير الااااو   ال)زي اااا  03م10،  30مDPPH  14نشااااام لجسااااه  اااا ور 

باساد مال خقنياث الدرميال الج ربااض  إياافث الاى  Alcalase2وAlcalase1للةةيديداج 

لدجةيال   Alcalase2وAlcalase1خقدير نسا الامماض الامينيثم ر  خ  اادةار  ابلياث 
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Fe⁺²  وس ث القوت الاادزاليث كماا فع ارج رةاخياث عالياث  للنشاام المضااد للأكسادت عناد

 ٪ كلوريد ال وديو م4و  7در ث م ويث ، ودر ث الحمويث  61

الةةديااداج، مضاااداج الاكساادت، مركااز بروخيناااج حاارج ملياااا  :الكلماااث الماتاحياات

 ال)امو ، المدحللاج الةروخينيث

 

Introduction 

        Buffalo milk comprise over 12% to the  milk production in 

the world , which is second only to bovine milk , buffaloes 

participate more importantly than cows to total milk production 

in hot and moist regions of the world (Arora et al., 2020). 

Southern Iraq is famous for breeding buffaloes and cheese 

making which leads to the production of large quantities of 

whey. Buffalo whey proteins are affected by the genetic context, 

which plays an important role in the formation of 

proteins(Buffoni et al.,2011) Buffalo milk proteins contain 

higher concentrations of beta-lactoglobulin, which is the main 

protein, reaching 58% of the total whey proteins. As well as the 

high content of lactoferrin protein, which is about 32 mg/100 ml 

compared to bovine milk powder (Khedkar et al.,2016).  

        The enzymatic hydrolysis of proteins is characterized by 

obtaining healthy protein hydrolyzers and does not include the 

breakdown of amino acids, it is a method that preserves the vital 

properties of the decomposition as well as the easy of controlling 

the conditions and degree of hydrolysis. Also enzymatic 

hydrolysis can be controlled by pH, temperature, time, and using 

low energy requirements, as well as being able to maintain 

functional properties such as solubility (Schaafsma, 2009). The 

enzymatic hydrolysis of whey has resulted in obtaining peptides 

with biological properties represented in the antioxidant activity 

that can be incorporated into the diet as a natural alternative to 

industrial antioxidants                (Kruchinin et al., 2021).Over the 

past decades, studies have shown great interest in bioactive 

peptides derived from food for their role in disease control. 
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Antioxidant peptides disrupt ROS, bind oxidized metal ions, and 

enhance the activities of antioxidant enzymes within body cells 

(Manzanares et al.,2019). Changes in pH, temperature and NaCl 

concentrations affect the antioxidant activity of peptides that 

occur because of using peptides as food additives in food 

systems.     

     Materials and methods 

      Buffalo breeders in Al-Qurna District, Basra province, 

prepared the raw of Iraqi buffalo milk, Microbial rennet was 

used for the purpose of manufacturing cheese, which was 

prepared by the Italian company A.P.S clerici Coglificio, with a 

strength of 2040 units. Alcalase E.C 3.4.21.62 enzyme prepared 

from Aldrich-Sigma Company was used with specific efficiency 

of ≤ 5 units/gm.  

Whey production by enzymatic method 

   The process of producing  sweet whey through the  

manufacture of  cheese by enzymatic method in the dairy factory 

of the College of Agriculture , University of Basrah, according to 

the method used by Yazdanpanh et al.(2015). The temperature 

was reduced to 37°C and microbial rennet was added according 

to the instructions of the prepared company. 

Concentration of whey proteins by ultrafiltration 
    Whey proteins were separated using a membrane 

ultrafiltration (Millipore and amicon, U.S.A.) device based on 

the method presented in Jayaprakashs (2005) with some 

modifications where by the whey was passed under the pressure 

of 5 bar through ultrafiltration membranes with a pore size of 

MWCO 10 kDa .The processes occupied about 60 min. that has 

been separated into two-part; first (Permeate) and (Retentate) 

then used a rotary evaporator (Frankin electric, England)  at a 

temperature of 40°C to concentrate the retentate which 

lyophilized  (-54°C, 0.5 mmHg) in freeze-drying (Christ, 

Germany) for getting whey proteins concentrate (WPC). 
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Preparation of whey proteins’ hydrolysate 
     The hydrolysates  was prepared according to the Adamson 

and Reynolds(1996) and mentioned by Kim et al.(2007) with 

some modification, where the soluble protein was prepared in a 

ratio of  5:10 (w v⁻¹  )of distilled water and the sample was 

mixed for 2-3 min., the solution was heated at 80°C for two 

min., then cooled to 25°C. Then the pH was adjusted to 8 using 

NaOH (0.1M) .The temperature was maintained at 50°C 

throughout protein hydrolysis. An enzyme was added at a rate 

0.1% ( enzyme: substrate w v⁻¹ ) at (50 °C and at pH 8) after that 

the solution was added to (WPC).The hydrolysis continued for 

four hours and the enzyme was inhibited after the end of the 

hydrolysis period at a temperature of 90 ° C for ten min. then 

trichloroacetic acid (TCA) 12% (w v⁻¹ ) solution was added at a 

concentration then centrifugation (5000  g, 10 min.) and 

collected the filtrate. 

Gel filtration chromatography 

   Peptides  of whey proteins hydrolysates by Alcalase separated 

and purified using gel filtration chromatography  using Äkta 

pure 25 (GE Healthcar life Science, Sweden) based on the 

method used by Ling et al.(2018) and mentioned in Yang et 

al.(2020)with some modifications column (GL 10/300) Superdex  

G-75 (23.562 ml) filled with agarose gel and Dextran (30 × 10 

mm) was used. 0.5 ml of the prepared AF sample was injected 

into distilled water at a concentration of 5:10 ( w v⁻¹) in the 

column after filtering it using a filter with a diameter of (0.22 

mm) and stabilizing the separation process conditions under a 

pressure of (1.5 MPa) and at a flow rate of ( 0.5 ml/min.) and 

equilibrating the column with the prepared potassium phosphate 

buffer solution (0.02 M, pH 7.2, ) then the separated at (214, 220 

and 280 nm )were followed up by chromatogram that appears on 

the computer screen. The resulting peaks were collected after 

each separation at an average of (2 ml) by F9-R particle 



Effect of pH, temperature and NaCl ..  Orass El-Ibresam -Ali AL-Rikabi 

 

ـ ــ ــ  ت

72 

collector, then lyophilized. Two fractions (AF1, AF2) shown 

highest radical scavenging activity on DPPH. 

SDS-PAGE 

 The molecular weight of the peptide (Alcalae1,Alcalase2) 

was estimated in a polyacrylamide gel according to the method 

mentioned in Blum et al.(1987) and Laemmli,(1970). Protein 

bands were stained with silver. The electrophoresis was 

conducted after preparing the gel and pouring it into the glass 

plates of the device and leaving it to solidify, then 30    of each 

sample were injected and the electric power supply was (40 mA) 

for a period of 45, then the voltage was raised to (100 mA) to the 

end of the migration until the bromophenol blue dye reached the 

end of the gel, then the gel was removed from the glass plates to 

be placed in the fixing solution for one hour, after which it was 

washed with water to be placed in the formula for three hours. 

The dye removal solution was added as it was replaced several 

times until firmness appeared, then the gel was preserved with 

the preservation solution, then scanned using polypeptide of 

molecular weight standards from 5 to 245 kDa Cs analyzer (Atta, 

Japan) was used as the marker protein(MP). 

Estimation of amino acids   

    The amino acids of the separated Alcalase1, Alcalase2 

according to the method used by Clarity amino acid analyser SW 

company, which is equipped with an Amino Acids analyser, 

column (S4300) , at a flow rate of 1 ml/min., at wavelengths 

(440 , 570 nm).Where 10-20 mg of the lyophilized AF1,AF2 

peaks were taken and 0.5 ml of hydrochloric acid (6 N) was 

added to it in a sealed vacuum tube at a temperature of 110 ° C 

for 24 hours then the sample was placed in a centrifuge (4000 ×g 

10 min.),  250 μl of the filtrate was taken and mixed with sodium 

hydrogen bicarbonate ,Then the solution was shaken and put in 

an ice bath for 15 min., then 375 μl was withdrawn from the 

filtrate again and a buffer solution of lithium citrate was added 
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(0.12 M at pH 2.90) to make the samples ready for the 

determination of amino acids. 

 

 Antioxidant activity 

 1,1-diphenyl-2picrylhydrazyl (DPPH) radical scavenging   

DPPH radical scavenging was used according to the method 

mentioned in Blois (1958) and described by Shah and Modi 

(2015).( 0.5 ml) of DPPH solution (0.1mmol) prepared with 

methanol (98%) was mixed with (1 ml) of the samples, then the 

mixture was incubated in the dark for 30 minutes at room 

temperature, The absorbance was measured at (517 nm). DPPH 

radical scavenging was calculated according to the equation 

below: 

DPPH radical scavenging (%) = [A˳-Aₛ / A˳] × 100 

A˳ = absorbance of control sample; Aₛ = absorbance sample  

 Iron chelating activity 

Iron chelating activity was estimated according to the method 

by Dinis et al.(1994) and described by Hussein el al. (2020) 

Samples were prepared with different concentrations ranging 

from (1-3) mg/ml in test tubes, then( 0.4 ml) of 8-hydroxy 

quinoline solution (5 mM) was mixed with each test tube. The 

tubes were incubated in the dark at room temperature for 10 

minutes.  Iron chelating activity of Ethylene diamine tetra acetic 

acid disodium (EDTA-Na₂) and Ascorbic acid was determined 

by the same method for comparison. The control sample was 

prepared by adding all of the above except for adding the sample 

where distilled water was added instead. The absorbance was 

measured at (562 nm), the Iron chelating activity calculated by 

applying the following equation: 

Iron chelating activity = 

[
                                                   

                                
 ]×100  
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Reducing power 

The reducing power was measured according to the method of 

Oyaizy (1986) followed by Devi et al.(2017) prepared different 

concentrations ranging from (1-3) mg/ml distilled water from the 

samples, ascorbic acid, BHT and α-Tocopherol. Then take 1 ml 

of each concentration and mixed it with 2.5 ml of a phosphate 

buffer solution (0.2 M, pH 6.6) and (2.5 ml) of a solution of 

Potassiom ferricyanide (1%). Then the mixture was incubated at 

a temperature of 50°C for 20 min., after which Trichloroacetic 

acid (1%TCA) was added. Then centrifugation was conducted at 

(3000  g, 10 min.) to separate the top layer of the solution and 

add (1 ml) of ferric chloride FeCl3 (0.1%) and 5 ml of distilled 

water. The control sample was prepared by adding all the above-

mentioned substances except for the sample with the addition of 

(1 ml) of distilled water instead, and the absorbance was 

measured at (700 nm) then the reduction power was calculated 

by applying the following equation based on what (Hemalatha et 

al., 2010) 

Reducing power  =% 100- 
                     

                             
]×100    

  Stability of antioxidant activity 

The stability of the activity of the antioxidant peptides peaks 

in the direction of pH values, temperatures and different 

concentrations of the NaCl salt was tested according to the 

method used by Zhu et al.(2014).  

The effect of pH on antioxidant activity 

 The stability of the antioxidant activity of the peptides 

(Alcalase1, Aalcalase2) at 3 mg/ml was tested using different 

ranges of pH ranging from 2, 4, 7, 6, 8, 10 and 11. Then the 

samples were incubated for an hour at room temperature, then 

the pH was adjusted to 7 using(1 M)  HCl or(1M) NaOH. Then 

the antioxidant activity was tested radical scavenging activity on 

DPPH.  
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The effect of Temperature on antioxidant activity 

The temperature effect of the peptides (Alcalase1,Alcalase2) 3 

mg/ml, was tested by heat treated at different temperatures 40, 

60, 80, 100 °C for an hour on bath, then were cooled to room 

temperature .The control sample was prepared with the same 

concentration at 25°C, the antioxidant activity was radical 

scavenging activity on DPPH.      

 The effect of NaCl on antioxidant activity 

Peptides (Alcalase1, Alcalase2) 3mg/ml were treated with 

NaCl solution prepared with different concentrations of 0, 2, 4, 

6, 8 % and incubated at 60° C for 15 min., then cooled to room 

temperature. The control sample was prepared with the same 

concentration without adding NaCl, then the antioxidant activity 

was tested by DPPH scavenging radical.  

Statistical Analysis 

Statistical analysis of the results was conducted using a 

Complete Randomized Design (C.R.D.) within the statistical 

program (2011) GenStat and the studied factors were tested 

using the least significant difference L.S.D. at a significant level 

of 0.05.  

Results and discussion 

 Isolation and purification Peptides  

    (Figer 1.) shows isolation of five fractions of peptides from 

the hydrolysates of WPC prepared by Alcalase enzyme. The 

fractions were collected and lyophilized. The highest absorbance 

of the fraction (Alcalase3) was 2050 mAU at the time of 

appearance 32.1 min., while the absorbance of (Alcalase1) was 

500 mAU at 15.2 min., (Alcalase2) was 2000 mAU at 24.4 

minutes, the fraction (Alcalase4) was1850 mAU at 39.5 min., 

and (Alcalase5) was 800 mAU at 45.5 min. The results agree 

with what was obtained by Ma et al.(2016) of five fractions 

obtained from isolation and purification of anti-inflammatory 

peptides from hydrolyzed Alcalase enzyme prepared from 
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bovine milk whey concentrate using gel filtration 

chromatography. Also with Yang et al. (2020) who isolated and 

purified a group of peptide fractions with antioxidant activity 

from hydrolyzed buffalo milk proteins prepared using gel 

filtration chromatography using ÄCTA pure device. 

 
 

 

Figure 1. Fractions of peptides prepared from whey of Iraqi 

buffalo milk protein concentrate hydrostats using ÄKTA Pure 25 

apparatus 

 

 

Time 
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The antioxidant activity of peptide fractions 

      (Figer 2. ) shows the determination of the antioxidant activity 

of radical scavenging on DPPH for peptides fractions.The 

fractions showed a significant difference antioxidant activity at 

P≤0.05.The fractions (Alcalase1, Alcalase2) was displayed the 

highest DPPH radical scavenging activity(81.23, 84.31%) 

compared to the rest fractions. The reason for the discrepancy in 

the antioxidant activity of the separated peptide peaks may be 

due to the type and percentage of the acids present that give the 

ability to enhance the antioxidant activity, especially the ability 

of DPPH radical scavenging. The activity may also be associated 

with peptides of low molecular weight (Bassan et al., 2015) and 

(Gregory et al.,2016).As well as the mechanism of action of the 

enzyme may in turn affect the content of amino acids and their 

position in the peptide chain in addition to the molecular weight 

(Wali et al., 2019). 

 

 
Figure 2. DPPH radical scavenging of peptides’ fractions from 

hydrolysates of Iraqi buffalo whey proteins concentrate with 

Alcalase. 

l.s.d.(0.05)= 1.196 
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 Molecular Weight of peptides 

     The molecular weight was estimated for peptides (Alacase1, 

Alcalase2) by SDS-PAGE.    (Figer 3.) and Table (1) indicate the 

appearance of 13 bunds for (Alcalase1) the molecular weights of 

which ranged from (9-83) kDa, and each bund represents a 

peptide. While five peptide bunds appeared for (Alcalase2), 

where each bund represented a peptide with molecular weights 

ranging between (7-19) kDa.The results agree to what was 

mentioned in Peng et al.(2009) who obtained four polypeptide 

separated by gel filtration with low molecular weights from the 

degraders of the bovine milk whey protein concentrates prepared 

with Alcalase enzyme, also with Bassan et al.(2015) who 

isolated of peptides during the hydrolysis of buffalo milk whey 

proteins were characterized the molecular weights ranging 

between 2.8-0.1 kDa, as well as with Hussein et al.(2020) who 

found peptides which had antioxidative activity from the 

hydrolyzed concentrates of bovine milk whey proteins prepared 

with Alcalase enzyme with molecular weights less than 10 kDa. 
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Figure 3. SDS-PAGE of peptides (Alcalase1, Alcalase2)  from 

the hydrolysates of Iraqi buffalo whey protein concentrates with 

Alcalase. 
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Table 1. Molecular weights of peptides fractions Alcalase1 and 

Alaclase2 peptide from Iraqi buffalo whey hydrolysate with 

Alcalaseم 

Alcalase2 (kDa) Alcalase1 (kDa) Bands number 

7 

8 

14 

17 

19 

9 

10 

15 

19 

25 

32 

47 

62 

65 

73 

75 

81 

83 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Estimation of amino acids (AA) 

   Table (2) indicates AA profile content of the peptides 

(Alcalase1, Alcalase2)  separated and purified from the 

hydrolyzed Iraqi buffalo whey protein concentrate by  gel 

filtration chromatography using Äkta pure 25  that were prepared 

with Alcalase. AA composition (Alcalase1, Alcalase2) reached 

17 amino acids. It is noted from the results that the amino acids 

of Alcalase1 are Methionine, Leucine, Arginine, Threonine, 

Aspartic, Histidine, Glutamic and Cysteine, which formed the 

highest concentrations 5.45%, 5.49%, 5.65%, 5.74%, 7.20%, 

7.46%, 8.64% and 9.75%, respectively, of total amino acids, 

While the amino acids of Alcalase2 are Aspartic acid, Lysine, 
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Proline, Tyrosine, Histidine, Isoleucine, Glutamic, Phenylalanine 

and Cysteine predominated and the concentrations of each of 

them were 5.32%, 5.60%, 5.80%, 5.88%, 6.0%, 6.45%, 6.67% 

and 7.78% and 8.98%, respectively of total amino acids. The 

hydrophobic amino acids was 31.85% and 37.96%, and the basic 

concentrations were 30.03% and 35.69%. The acidity amino 

acids were 16.1% and 11.99% for Alcalase1 and Alcalase2 

respectively, of the total acids .The Cyclic amino acids reached 

7.62% and 13.6 for Alcalase1 and Alcalase2 respectively. As 

shown in Table (2), Cysteine was the predominant amino acid 

among the total amino acids for both fractions 9.75% and 8.98%, 

respectively. The results converged with what found Bassan et 

al.(2015) who obtained 14 amino acids from hydrolysates of 

buffalo milk whey proteins, of which six were basic and Neto et 

al. (2019)who purified seven fractions of peptide from 

hydrolysates of bovine milk whey proteins that contained 19-10 

amino acid. The reason for the variation in the concentrations of 

amino acids may be due to the hydrolysis conditions in terms of 

the specificity of the action of the enzyme used the time of 

hydrolysis, the type of amino acids and their position in the 

peptide depends on the mechanism of action of the enzyme 

(Wali et al., 2019).   
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Table 2. Amino acids composition of Alcalase1 and Alcalase2 

peptides separated by gel filtration from hydrolysates of Iraqi 

buffalo whey proteins concentrate with Alcalase . 

Alcalase2 (%) Alcalase1 (%) AA 

1.82 

5.32 

1.49 

8.98 

6.67 

3.83 

6.00 

6.45 

4.55 

5.60 

2.84 

7.78 

5.80 

3.79 

3.58 

5.88 

4.89 

2.59 

7.2 

5.65 

9.75 

8.64 

1.72 

7.46 

4.58 

5.49 

3.85 

5.45 

3.78 

3.75 

2.49 

5.74 

3.84 

1.54 

L-Alanine 

L-Aspartic acid 

L-Arginine 

L-Cysteine 

L-Glutamic acid 

Glysin 

L-Histidine 

L-Isoleucine 

L-Leucine 

L-Lysine 

L-Methionine 

L-Phenylalanine 

L-Proline 

L-Serine 

L-Threonine 

L-Tyrosine 

L-Valine 

85.27% 83.52% Totel 

Antioxidant activity peptides  

Fe⁺² chelating activity 

  ( Figer4.) Shows the Fe⁺² chelating ability of the peptides 

fractions Alcalase1 and Alcalase2 and compared it with EDTA-

Na₂ and Ascorbic acid at concentrations (1-3 mg/ml). It is noted 

from the results that AF1 has the highest activity of Fe⁺² 

chelating (58.30%) than Alcalase2 (49.50%) at (1mg/ml), they 

were significantly affected by increasing the concentration at 

p≤0.05, while EDTA-Na₂ and Ascorbic acid were (67.82, 



 م  2222يوليو( 55)(،ع5مج)                     العربيت للعلوم الزراعيتالمجلت 
 

 

83 
3 

62.46%) respectively, at the same concentration then the activity 

of Fe⁺² chelating for Acalase1 and Alcalase2 increased to (82.75, 

73.33%) at (3 mg / ml), respectively. While EDTA-Na₂ and 

Ascorbic acid (96.60, 90.71%) respectively, at the same 

concentration. The results agree with Caetano-Silva et al. (2015) 

who found the peptides which isolated from the hydrolysates of 

WPC of bovine milk using Alcalase had a high activity of 

chelating Fe⁺² and the high activity of Fe⁺² chelating of whey 

peptides and the formation of an iron peptide complex is closely 

associated with the Glutamic and Aspartic amino acids, in 

addition Lysine, Isoleucine, Threonine, Histidine and Proline, 

which enhances the activity when they composed the peptide’s 

structure. That what was obtained by Jiang et al. (2017) from  

low molecular weight peptides from hydrolysates of bovine milk 

whey proteins which prepared by Alcalase, which showed a high  

the Fe⁺² chelating ability of the separated peptides' fractions may 

be due to the high concentrates of Glutamic, Aspartic and basic 

amino acids represented by Arginine, Lysine, Methionine and 

Histidine. The structure of the peptide, type of amino acid and its 

sequence have a major role as a promoter of the high Fe 

chelating activity and that the presence of Glutamic and Aspartic 

amino acids in the peptide is important for Fe⁺² chelating ability 

also, the imidazole in Histidine supports the ability of Fe 

chelating of the peptides (Neto et al ., 2019).    
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Figure 4. The Fe⁺² chelating activity  of the peptides of Iraqi 

buffalo whey protein concentrates prepared with Alcalase. 

 

Reducing power  

   The reducing power that is depend on activity of peptide to 

reduce Fe3+/ferricyanide complex to the Fe2+ form.  The 

reducing power of peptides' fractions Alcalase1and Alcalase2 is 

illustrated in (Figer5.) shows. The obtained results of peptides' 

ability to reduce Fe3+/ferricyanide complex  increases with the 

increasing concentration at significant effect  at the level P≤0.05 

.for (Alcalase1,Alcalase2)at concentrations (1-3 mg/ml) and it 

was compared with Ascorbic acid, BHT and α-tocopherol at the 

same concentration. The results indicate that  the peptide 

(Alcalase1) has highest activity than (Alcalase2) (84.44, 78.32%) 

respectively, at (1 mg/ml, ) while the reduction activity of 

Ascorbic acid, BHT and α-tocopherol was 94.89%, 85.35%, and 

l.s.d. (0.05) = 0.981 
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80.75%, respectively. The ability of reducing power of 

(Alcalase1) continued to increase at (1.5, 2, and 2.5 mg/ml), it 

was (115.64, 123.60 and 130.48%) while (Alcalase2) was 

(108.49, 113.55 and 120.35%), respectively, to reach a 

maximum reduction at the highest concentration of (3 mg/ml) 

were (141.35 and 132.68%) for (Alcalase1, Alcalase2) 

respectively. It is noted that (Alcalase1) was highest activity than 

α-tocopherol (138.53%) at (3 mg/ml), while Ascorbic acid and 

BHT were more activity of reduction (158.81, 146.55%) 

respectively, compared with two fractions. The results agree with 

what was mentioned by Lin et al .(2012) who found that the 

amino acids Tyrosine, Histidine, Lysine and Methionine in 

hydrolysates of cows’ milk whey proteins prepared with 

Alcalase contribute to enhancing the reducing power ability.  

The results were also agree with what was indicated by Da Silva 

et al .(2018). The presence of the amino acids Phenylalanine, 

Cysteine, Tyrosine and Arginine in the peptides from the 

hydrolysates of buffalo whey proteins increases the reduction 

reactions. Perhaps the reason for the reducing power that the 

containing of  the amino acids Alanine, Glycine, Leucine, 

Isoleucine, Methionine, Phenylalanine, Proline and Valine, 

which have hydrophobic properties that enhance the ability of 

peptides reducing power, as well as a high concentrations of 

Histidine, Arginine and Lysine( Kong et al.,2012 ; Vavrusova et 

al., 2015).   
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Figure 5. Reducing power of peptides from hydrolysers of Iraqi 

buffalo whey proteins concentrate with Alcalase. 

 

Stability of the antioxidant activity of peptides 

Effect of pH on the antioxidant activity of peptides 

     The antioxidant activity of peptides from hydrolysates of 

(WPC) with Alcalase at (3mg/ml) under different pH values is 

shown in (Figer6.). The results indicates that there are significant 

differences at the level of P≤0.05 in the antioxidant activity at 

different pH values. Peptides (Alcalase1,Alcalase2) at pH 7 

exhibited the strongest DPPH radical scavenging activity 

(86.08,82.19%).While the peptides, fractions ability of radical 

scavenging on DPPH was less at pH 2  (74.97, 73.30%) for 

(Alcalase1,Alcalase2), also the DPPH radical scavenging activity 

of the peptides was greatly affected by the alkaline conditions. 

When the pH was raised to 9, the antioxidant activity decreased 

and at pH 11 the ability of DPPH radical scavenging sharply 

declined (37.14, 36.58%) for (Alcalase1, Alcalase2) .The reason 

for the decrease in the antioxidant activity at different pH values 

may be due to the fact that the pH may affect the ionization 

process and the ability to transfer electrons and hydrogen 

l.s.d. (0.05)= 1.469 
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donation by peptides at the carboxylic, hydroxyl and methyl 

groups in the peptide. In addition, the acidic medium may affect 

the availability of hydroxyl groups in the peptide. Which is 

responsible for the process of hydrogen donation and reducing 

free radicals, as DPPH radical SCAVENGING depends on the 

formation of the peptide and the number of available hydroxyl 

groups, in addition to the acidic medium may reduce the 

solubility of peptides, which hinders the reaction between 

peptides and free radicals (Pereira et al., 2019). The alkaline pH 

works to form a mixture of isomers of amino acids D and L, 

which differ in their biological activities, and the occurrence of 

the phenomenon of deaminase results in changes in the structure 

of the peptide, which leads to a loss of antioxidant activity in 

addition to that each peptide has a range of pH The peptide at 

which the peptide is stable and the active groups in the peptide 

chains are not degraded, especially small-sized peptides (Jeong 

et al., 2002).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Effect of pH on the DPPH radical scavenging peptides 

from concentrated hydrolysates of Iraqi buffalo whey proteins 

with Alcalase. 

l.s.d. (0.05)= 1.247 



Effect of pH, temperature and NaCl ..  Orass El-Ibresam -Ali AL-Rikabi 

 

ـ ــ ــ  ت

88 

Effect of temperature on the antioxidant activity of peptides 

    The results show that the  DPPH radical scavenging activity of 

peptides (Alcalase1,Alcalase2) was significantly affected at the 

level of P≤0.05 with the change in temperature levels, As the 

increasing of temperature  from 25 to 60 °C, the ability of  

DPPH radical scavenging increased (85.16, 87.41%) and then 

show a sharp decline between 60 °C and 100 °C (34.01,39.03%) 

(Figer7.). The reason for the decrease in the efficiency of capture 

at high temperatures is that the effectiveness depends mainly on 

the structure of the peptide in terms of the content of amino 

acids, their positions and molecular weight, as high temperatures 

affect the structure of the peptide ( Pereira et al., 2019). The 

raising of the temperature leads to break the hydrogen bonds and 

the peptide bonds that play a role in the stability of the peptide 

towards the temperature that may explain the instability of the 

peptide and the denaturation (Scheraga et al.,1962).Also high 

temperatures may increase the hydrophobic properties of the 

peptides, as the hydrophobic amino acids are linked then leads to 

the insoluble of the peptides and denatured them (Asaduzzaman 

and Chun, 2013).  
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Figure7. Effect of temperature on DPPH radical scavenging a of 

peptides hydrolysers of Iraqi buffalo milk whey proteins 

concentrate with Alcalase . 

 

Effect of NaCl on the antioxidant activity of peptides 

    The effect of different concentrations of NaCl on DPPH 

radical scavenging  activity of the peptides (Alcalase1,Alcalase2) 

from hydrolysates of Iraqi whey proteins concentrate  (Figer8.) 

The results showed a significant difference at the level P≤0.05 

using different concentrations of NaCl. The scavenging 

effectiveness increased at the 2% (83.22, 85.82%) for 

(Alcalase1, Alcalase2). The highest activity of (Acalase1, 

Alcalase2) was at 4% (85.01, 86.64%) compared with activity of 

scavenging for the control of the two fractions (80.79, 83.91%), 

respectively. Then, the ability of DPPH radical scavenging of 

(Alcalase1, Alcalase2) declines sharply at concentration pf NaCl 
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l.s.d. (0.05)= 0.727 
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at 8% to reach  (38.67,41.60%).The reason for the different 

values of DPPH radical scavenging activity at different 

concentrations of NaCl may be due to the increasing of NaCl 

caused an increasing in the ionic strength and thus changed the 

structure of the peptide, which leads to its deposition, as the high 

salt concentrations compete with the peptides in terms of ability 

to bind with water, which leads to its deposition. It leads to the 

peptides clump together to bond with hydrogen bonds, which 

leads to precipitation  (Zhu et al., 2014; Pereira et al., 2019).  

Figure 8. Effect of NaCl  on DPPH radical scavenging of 

peptides from hydrolysates of Iraqi buffalo milk whey proteins 

concentrate with Alcalase. 
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Conclusions 

    The whey proteins concentrate of Iraqi buffalo milk was used 

in the preparation of hydrolysates using Alcalase enzyme for 

isolating and purifying peptides. An antioxidant activity was 

tested and these peptides had the ability of Fe⁺² chelating and 

reducing power, they had DPPH radical scavenging activity at 

pH 7, temperature (60 °C) and NaCl (4%). 
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