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Abstract: The enzymatic hydrolysate of walnut proteins Isolate was prepared by incubation with three different 

proteases, including pepsin, papain, and trypsin, Allhydrolysates showed different degrees of hydrolysis (DH), 

papain enzyme showed a higher hydrolytic activity followed by pepsin hydrolysate, Then trypsin enzyme that 

shows lowest. The hydrolysates were found to possess excellent antioxidant properties , papain exhibited a 

higher 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity 16.7% at 120 minute  , the  lowest  

level by trypsin hydrolysate 4.3% at  15 minute  ,  pepsin exhibited a higher Fe2+ ion-chelating activity for 

hydrolysate walnut protein isolate 55.6% at 120 minutes while the lowest for trypsin 20.4 % at 15 minutes,  

higher reducing power was 0.31 nm for  walnut protein isolate hydrolysate by pepsin at 180 minutes while 

lowest absorbance was 0.14 nm for  walnut protein isolate hydrolysate by trypsin at 15 minutes . 
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I. Introduction 
Walnuts (Juglansregia L.) are widely distributed all over the world, and they are common in China. On 

a global basis, walnuts rank second behind almonds in tree nut production. In 2010, global production of 

walnuts was 1,500,000 t. China leads the world production of walnuts, followed by the US. In 2010, China 

accounted for 33.33% of global walnut production. Moreover, walnut is not only an agricultural commodity, but 

its leaves, barks, stems, pericarps, fruits, flowers and are all applied for different medicinal uses in China. These 

fruits are receiving increasing interest as a healthy foodstuff because their regular consumption has been 

reported to decrease the risk of coronary heart disease [1][2][3][4]. Antioxidant peptides are a kind of bioactive 

peptides which demonstrate strong antioxidant capacity. They are considered as a potential source to control 

various oxidative processes in the human body as well as in food[5] . Walnut protein hydrolysates (WPHs), 

normally obtained by hydrolyzing defatted walnut meal or walnut protein isolates extracted from the defatted 

walnut meal, usually incorporate antioxidant peptide chains as well as POHs. Both of them are potent food-

driven antioxidants that have received significant attention due to their remarkable antioxidant capacity and the 

related clinical implications.[6][7]Many studies showed that the bioactive peptides that are produced as a result 

of enzymatic hydrolysis of nut proteins had better functions than proteins,[8] Therefore, much attention has been 

paid to producing antioxidant peptides from food proteins. Antioxidant peptides can be produced using protease 

hydrolysis and fermentation methods[9]. Current Study aimed to hydrolysate walnut protein isolate with three 

type of enzyme (pepsin, trypsin, and papain ) , select the best enzyme with high antioxidant properties. 

 

 

II. Material And Methods 
2.1. Materials  

Walnut purchased from local market in Tikrit province, pepsin , papain trypsin was obtained from 

Sigma Aldrich, USA  DPPH (1,1-diphenyl-2-picryl hydrazyl) were prod- ucts of Sigma Chem. (St. Louis, MO, 

USA) , All other chemicals and reagents used were of analytical grade. 

 

2.2. Preparing Of Walnut Protein Isolates (WPI)  

Dehulling Walnut was carried out manually, cleaned to remove all foreign matter, production of 

Walnut Protein Isolate (WPI). Walnuts were ground and defatted with petroleum ether. The defatted flour was 

dried in the drying oven overnight at 50 ◦C. Then, the defatted four was dispersed in NaOH solution (pH 9.0) at 

ratio 1:15 (w/v) and extracted by stirring for 1 h at 45 ◦C. After pH adjustment to 4.5, the precipitate obtained by 

centrifugation at 4000 ×g for 20 min was lyophilized and stored in plastic bags at −20 ◦C. [10] 

 

2.3. Preparation Of Antioxidant WPI Hydrolysates 

The hydrolysis conditions such as different proteases, substrate concentration, initial pH, hydrolysis 

temperature and incubation time were optimized to produce antioxidant peptides. The initial hydrolysis 
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conditions were as follows: amount of protease, 2.5%; concentration of substrate (WPI), 5%; hydrolysis time, 4 

h; temperature and pH were set up according to the optimal conditions of each enzyme , Pepsin (pH 3.0 at 37 

_C), Papain (pH 6.0 at 55 _C), Trypsin (pH 8.0 at 37 _C). Enzymatic hydrolysis was carried out in a 

temperature-control shaker at a speed of200 rpm. Then the proteases were terminated after boiling for 10 min. 

The  hydrolysate supernatant (WPI hydrolysate) was separated by centrifugation at 5000 rpm for 15 min and 

then concentrated in a rotary evaporator for further use.[11] 

 

2.4. Degree of hydrolysis (DH) 

Determination of α-Amino Acid and Degree of Hydrolysis(DH), According to [12] Properly diluted 

samples (125 µL) were mixedthoroughly with 2.0 mL of 0.2125 M phosphate buffer, pH 8.2,followed by the 

addition of 1.0 mL of 0.01% 2,4,6-Trinitrobenzenesulfonic acid (TNBS)  solution.The mixtures were then 

placed in a water bath at 50 °C for30 min in the dark. The reaction was terminated by adding2.0 mL of 0.1 M 

sodium sulfite. The mixtures were cooleddown at ambient temperature for 15 min. The absorbance 

wasmeasured at 420 nm and α -amino acid was expressed in termsof L-leucine.Figure 1. The DH was defined as 

follows: 

DH =  𝐿𝑡 − 𝐿0 / 𝐿𝑀𝐴𝑋 − 𝐿0  × 100 

WhereLtcorresponded to the amount of R-amino acid releasedat time t. ,L0 was the amount of R-amino acid in 

originalWPI. LMAX was the maximum amount of R-amino acid inWPI obtained after acid hydrolysis.  

 

              
Figure 1 Standard curve of L-Leucine 

 

2.5. Antioxidant activity 

2.5.1(1, 1-Diphenyl-2-picrylhydrazyl) (DPPH) Radical Scavenging Activity Assay. 

The  radical scavenging activity was determined according to [13]. To the diluted sample (1.5 mL), 1.5 

mL of 0.15-mM DPPH in 95% ethanol was added. The mixture was then mixed vigorously and allowed to stand 

at room temperature in the dark for 30 min. The absorbance of the resultant solution was read at 517 nm using a 

UV-1601 spectrophotometer (Shimadzu, Kyoto, Japan). The blank was pre- pared in the same manner except 

that distilled water was used instead of the sample. The scavenging effect was calculated as follows: 

Radical scavenging activity % = [(B-A)/B] ×100 

Where A is A517of sample and B is A517of the blank. 

 

2.5.2. Fe2+ Ion-Chelating Activity 

Chelation of Fe2+ was measured using the method of [14] . A 0.5mL sample aliquot was mixed with 

1mL of 20 µM FeCl2 and 1mL of 0.5 mMferrozine. The reaction mixture was allowed to stand for 20min at 

25
o
C. The absorbance was read at 562 nm. The metal ion chelating activity was calculated as:Metal ion 

chelating activity (%) = [1− (As−A0)/Ac] ×100A blank (A0) was prepared in the same mannerexcept that 

distilled water was used instead of a sample (As). EDTA was used as positive control (Ac). 

 

2.5.3. Reducing power  

The reducing power of the hydrolysates was measured according to [15]. A Sample (2 ml) was added 

to 2 ml of 0.2 M phosphate buffer (pH 6.6) and 2 ml of 1% potassium ferricyanide. The mixture was incubated 
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at 50 C for 20 min. Then 2 ml of 10% TCA was added to the reaction mixture. A volume of 2 ml from each 

incubated mixture was mixed with 2 ml of distilled water and 0.4 ml of 0.1% ferric chloride in the test tube. 

After a 10 min reaction, the absorbance of the resulting solution was measured at 700 nm. Increased absorbance 

of the reaction mixture indicated increased reducing power. 

 

 2.6. Statistical Analysis  

Statistical analysis was performed by SPSS for one-way ANOVA and the significant differences were 

analyzed by the Duncan range test (p < 0.05). All Data were expressed as mean ± standard deviation. 

 

III. Result And Discussion 
Determination of α-Amino Acid and Degree of Hydrolysis (DH). 

The DH is an important element that highly related to the hydrolysis process yield [16]. Figure 2 shows 

all the curves have a rapid hydrolysis for the first 1 h. At the same level of the enzyme(P < 0.05), papain 

hydrolysateshowed a higher hydrolytic activityfollowed by pepsin hydrolysate.  Then trypsin hydrolysate.that 

show lowest hydrolysis progress, Upon further incubation (120 min), the rate of enzymatic hydrolysis decreased 

for papain, While further incubation (105 min) the rate of enzymatic hydrolysis decreased for pepsin, whereas 

further incubation (90 min) for trypsin, the rate of enzymatic hydrolysis decreased for pepsin. , then the 

enzymatic reaction reached the steady-state phase when no apparent hydrolysis took place and no change in DH 

percentage(P < 0.05), This indicated that maximum cleavage of peptides occurred within the first hour of 

hydrolysis for all enzyme  These results agreed with  [17] when they use different enzyme to Hydrolysis of 

Defatted Sesame, and with [18] they find hydrolysis of silver carp protein with Alcalase or Flavourzyme 

proceeded at a high rate during the initial 15 min and then slowed down thereafter,and agree with [19][20]. 

 

 
Figure 2 Hydrolysis curves of walnut protein isolate treated with different 

enzymes: pepsin, trypsin and papain 

 

Determination of DPPH Radical Scavenging Activity DPPHDPPH Radical Scavenging Activity DPPH 

radical scavenging assay is quick, convenient, and efficient in portending the antioxidant activities of protein 

hydrolysates, their fractions, and purified peptides ,Therefore, the relatively stable DPPH radical has been 

widely used to test the ability of compounds to act as free radical scavengers or hydrogen donors and thus to 

evaluate the antioxidant activity. [21] ,DPPH is a stable free radical with an absorbance maximum at 517 nm in 

methanol, and the relatively stable DPPH radical has been widely used to evaluate the ability of some 

substances to act as free radical scavengers or hydrogen donors [22]. Figure 3 show The  higher level of the 

DPPH radical scavenging activity was found for papain hydrolysate at 120 minutes compared with all enzymatic 

treatment(P < 0.05), whereas The  lowest  level of the DPPH radical scavenging activity was found for trypsin 

hydrolysate at 15 minutes in the samples used in the test (P < 0.05), different higher level of the DPPH radical 

scavenging activity depended on different peptide released from enzymatic hydrolysis ,  The scavenging effect 

for the hydrolysates increased slightly in the first 120 minutes and remained unchanged during the outspread 

period of hydrolysis. The result revealed that the walnut isolate hydrolysates possibly contained substances 

which were electron donors and could react with free radicals to convert them to more stable products and 
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terminate the radical chain reaction. This result agrees with [23] who showed an increase in DPPH radical 

scavenging activity with increased DH in porcine collagen hydrolysatesbut was in contrast with[24]they report 

on increases in the DH significantly reduced the activity. The DH dependence of the radical scavenging activity 

of PPH was consistent with that of yellow stripe trevally protein hydrolysate. 

 

 
Figure 5 Reducing power of walnut protein isolate treated with different 

enzymes: pepsin, trypsin and papain 

 

1. Fe2+ Ion-Chelating Activity 

Transition metal ions, such as Fe2+ and Cu2+ can catalyze the generation of reactive oxygen species 

which accelerates lipid oxidation. Fe2+ can also catalyze the Haber-Weiss reaction and induce superoxide 

anions to form more hazardous hydroxyl radicals. These hydroxyl radicals react with adjacent biomolecules to 

cause severe tissue damage[25], Fig. 4 show  the Fe2+ ion-chelating activity for hydrolysate walnut protein 

isolate by pepsin,papain, and trypsin , the result indicate contrast in result among the enzymes , highest 

percentage of the Fe2+ ion-chelating activity was report for hydrolysate walnut protein isolate by pepsin at 120 

minute (P < 0.05), while the lowest for trypsin at 15 minutes (P < 0.05), result also shows the Fe2+ ion-

chelating activity was increased with  hydrolysates increased slightly in the first 120 minutes and remained 

unchanged during the outspread period of hydrolysis. It thus suggests that higher degree of cleavage of peptide 

bonds render a hydrolysate with higher metal chelating activities. A similar observation was also reported 

by[26] for protein hydrolysate of Peanut [24]for protein hydrolysate of yellow stripe trevally,and [13]for round 

scad muscle protein hydrolysate. 

 

 
Figure 3 DPPH radical-scavenging activity of walnut protein isolate 

treated with different enzymes: pepsin, trypsin, and papain 
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Reducing power  

The reducing capacity of a given compound may serve as a significant indicator of its potential 

antioxidant activity. An electron-donating reducing agent is able to donate an electron to a free radical. As a 

result, the radical is neutralized and the reduced species subsequently acquires a proton from the 

solution[27].Fig.5 shows the reducing powerofhydrolysate walnut protein isolate by pepsin,papain, and trypsin, 

the result indicates contrast in result among the enzymes, highest absorbance was 0.31 for  walnut protein isolate 

hydrolysate by pepsin at 180 minutes (P < 0.05), while lowest absorbance was 0.14 for  walnut protein isolate 

hydrolysate by trypsin at 15 minutes   (P < 0.05).the result also shows the reducing power of the 

hydrolysatesincrease when hydrolysis was performed using different enzymes and was positively related to the 

DH.The result agreed with[13]who report that increased reducing the power of round scad protein hydrolysate 

prepared using Flavourzyme with increasing DH up to 60%, whereas those of round scad protein hydrolysate 

prepared using Alcalase increased when DH increased up to 40%. Disagree with[28]reported that   Decrease in 

the reducing power with the increase in the DH has been reported for hydrolysate prepared using Alcalase from 

buckwheat. 

 

 
Figure 4  Fe2+ ion-chelating activity of walnut protein isolate treated with 

different enzymes: pepsin, trypsin and papain 

 

IV. Conclusion 
The enzymatic hydrolysate of walnut proteins Isolates with different enzyme show different degree of 

hydrolysis, thathydrolysates were found to possess excellent antioxidant properties.The higher level of the 

DPPH radical scavenging activity was found for papain hydrolysate at 120 minutes compared with all enzymatic 

treatment 
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