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Table 1. Independent variables and levels used to optimize the antioxidant activity of whey protein hydrolysates

s
Levels
S LA e
+1.68 +1 . -1 -1.68 ' Jies s J"’“"‘
independent variables
5) e
211/52 173 116/5 60 21748 (39 oy
time (min)
°C) Les
59/09 55 49 43 38/91
Temperature (°C)
(30 05 AS V03l ) (oo 5T 2l
107/04 90 65 40 22/96 Enzyme activity
(Anson unit/kg protein)

Aol oS danl plberd OLS 5 Y Jpas

Table 2. Chemical composition of whey protein isolate (wet weight basis)

() pst (D) s () o552
Ash (%) Moisture (%) Protein (%)

Lol s AP
2.6+£0.18 13£0.33 824390 B R R F )

whey protein isolate
K ~ . P . . . - -
..L‘a.&‘éjsgi_)‘)sg}kfuj)wb‘j ;J:,Sb-)g,{}bjgwjﬂw

il 3o g LSS Y s Sl elad

SIS 5T el Bl 5 G55 0 S o0 b S (Glo iin a8l 5 (s S s X Jgur

Table 3. Coded and real levels of independent variables for central composite design and antioxidant activity

(1) eI ST s ol Les el ol Sagi oles
antioxidant activity(%) min) etim) Temperature (°C) Enzyme activity Run
59.07 0 0 0 1
56.87 0 0 0 2
53.45 0 -1/6818 0 3
22.02 -1 -1 -1 4
55.39 0 0 0 5
42.61 +1 +1 -1 6
60. 15 0 0 +1/6818 7
56.27 +1 -1 +1 8
58.47 0 0 0 9
25.22 0 0 -1/6818 10
22.13 -1 +1 -1 11
43.28 +1/6818 0 0 12
26.23 -1/6818 0 0 13
52.21 +1 -1 -1 14
49 +1 +1 +1 15
58.47 0 0 0 16
56.79 -1 -1 +1 17
49.5 0 +1/6818 0 18
56.55 -1 +1 +1 19
57.33 0 0 0 20
1. Wet basis
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Table 4. Analysis of variance (ANOVA) of response surface quadratic model for antioxidant activity

P F i Mean S L Sl &
Sums of squares df Source
square
- Je
<0.0001 103.71 370.21 33385.85 9
Model
- ol
<0.0001 104.21 371.98 371.98 1 i
Time
ek L‘
0.0069 11.47 40.93 40.93 1 ’
Temperature
<0.0001 39.84 1402.26 1402.26 1
Enzyme
. Oy x Oley
<0.0001 228.64 816.15 816.15 1
Time* Time
Los x Lo
0. 0088" 10.52 37.54 37.54 1 #Temperature
Temperature
- Sl x o 5l s
<0.0001 90.01 321.31 32131 1 P S e
Enzyme*enzyme
" Ol x Les
0.0106 9.81 35.03 35.03 1 .
Time #Temperature
los x @y 531 ol
71.78" 0.49 0.49 0.49 1
Temperature=Enzyme
" 1 el x oo
<0.0001 120.83 4313 4313 1 X S
Enzyme* Time
3.57 35.7 10 o
Residual
' Esl ol
13.41™ 2.89 5.31 26.53 5 i
Lack of fit
= gl
1.83 9.16 5 oAl
Pure error
3367.54 19 F
Total

Solsbas o MS—sy3 ) 50 CE”” 05 Solslis ieud S e
* and ** show significant probability level of 5% and 1% - ns: not significant

O g S 5 Jde a8 Sl ol JUARY= «/AAQ¥ Bls 2y G b 5l alBaer 05w S5 ol o
odd 5l e g oesls Tos s a5l £33 > Slabor i Jhe s P ysbieas Ola e
ol wnls s Ol s S 51 s ys AA/AY anldl é)\bwugqujmbbﬁ‘éwgﬁﬁﬁé‘ﬁ
s R 5 8l R s s 55 1 alllas 350 15 S Wl 5 eslgein Je (0 Jads) sl b

Ldal st 1/AVAR 5+ /AAQY (5 5 4 oS el
Shles g aesls SuS1y, 5l sl i 5 KL

Jde gadsles 55 sl o phe Q}aﬂ 0P S ol

Xa +1/4VYY X3 —+/0 e YYOVY X% =+ /¢ FEAVOX,”
Y=-Y S/FEVAY + V/YAVA4 X, + F/VIVYY

— /e PAVY X X =0/ OVAA X X+ /0 0 Y POX0Xs

— +/+ A VOOYAXS
1. Adjusted R-Squared
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Table 5. Estimation of regression equation coefficients of antioxidant activity

dde e e
Model variable Coefficient
[y
i -206.36183
Constant
(O X] +1.28199
(time) x;
(Ls) Xy +4.71717
(Temperature) x,
(51 <) X3 +1.9122
(Enzyme) x;
X2 -0.0023574
X,” 0.044835
X3 -0.0075548
X1Xa -0.0061725
X1X3 0.005198
X5X3 0.00165
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Figure 1. Effects of temperature and hydrolysis time on superoxide radical scavenging activity
in three dimensional response surface plot
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Figure2. Effects of Enzyme activity and hydrolysis time on superoxide radical scavenging activity in three
dimensional response surface plot

= a—
- -H-::‘,“

572158
51.1558
451173

3088

I:_.'r:l "’"""‘E‘l_rﬂj""' JI__Il I.jli-'-"l_l JLﬁ‘ ey 3
superoxide radical scavenging activity (%)

ﬁ_j-l i n:..—ll.ﬂ

2000 2300

(s 05 5 Ol Aol s) (25 smbe amz) s
Enzyme activity (AU/Kg protein) temperature (°C)

ey gl by A 13 905 3 ST g 15T ISy (S lge c I )55 dua,f_;i [P T

Figure 3. Effects of Enzyme activity and temperature on superoxide radical scavenging activity in 3-D response
surface plot
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Abstract

Background and objectives: Due to safety concerns and health aspects over the use of
synthetic antioxidants, the natural antioxidant compounds are considered by researchers. In the
recent years a great deal of attention for application of natural antioxidants, has led to studies in
investigation of antioxidative or bioactive potential of hydrolysates peptides from plant or
animal sources. Bioactive peptides are considered specific protein fragments that are inactive
within the sequence of the parent protein, after they are released by enzymatic hydrolysis, they
may exert various physiological functions such as antioxidative activity. Antioxidant activity of
bioactive peptides can be attributed to their radical scavenging, metal ion chelation and
inhibition of lipid peroxidation properties of peptides.

Materials and methods: In the present study, response surface methodology was used to
optimize hydrolysis conditions for preparing protein hydrolysate from the whey protein, using
Alcalase. The investigated factors were temperature (43-55°C), time (60-173 min) and
enzyme/substrate ratio (40-90 AU/Kg protein) to achieve maximum antioxidant activity.
Experiments were designed according to the central composite design.

Results: The optimal conditions to achieve the highest superoxide free radical scavenging
capacity were as: temperature (47/2 °C), time (104/02 min) and enzyme/ substrate ratio (96/85
AU/Kg protein).Under these conditions superoxide free radical scavenging capacity was 63/44
%. Regression coefficient for the model (Quadratic type) was 0.989, indicating the high
accuracy of the model to predict the reaction conditions considering different variables.

Conclusion: Advances in the technology of preparing protein hydrolysate has provided the
opportunity of use of unavailable protein sources. The optimization of antioxidant activity of
protein hydrolysate, can save time, cost and amount of enzyme needed for hydrolysis. The
Results indicated that whey protein hydrolysate has the potential to be applied as a natural
antioxidant in food and pharmaceutical ingredients in the future.

Keywords: Whey Protein, Response Surface Methodology (RSM), Antioxidant activity,
enzymatic hydrolysis
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