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Table 1 Levels of independent variables used to optimize the antioxidant activity of the orange seed

protein hydrolyzate
Independent variables Levels
Enzyme to substrateratio (%) 1 2 3
Temperature (°C) 45 50 55
Time(h) 2 3.5 5
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Table 2 Regression coefficients of estimated model, by analysis of multiple regressions in order to
predict the equation model of independent variables in DPPH radical scavenging activity

Variable model Coefficient R-Square Adj R-Square
Intercept 27.62 0.6248 0.8974
X -time -0.72
Xo-tem 5.74
X;3-€/s 3.89
X1 X, -1.90
X1 X3 7.97
X, X5 0.16
X2 0.61
X, 11.29
X 0.18
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Table 3 Regression coefficients of estimated model, by analysis of multiple regressions in order to
predict the equation model of independent variables in OH radical scavenging activity

Variable model Coefficient R-Square Adj R-Square
Intercept 82.27 0.7777 0.7361
Xj-time 0.8
X,-tem 737

X;3-e/s 4.09
X1 X, 0
X1 X;3 0
X, X3 0
X,? 0
X, 0
X5 0

Table 4 Regression coefficients of estimated model, by analysis of multiple regressions in order to
predict the equation model of independent variables in Ferric Reducing activity

Variable model Coefficient R-Square Adj R-Square
Intercept 0.88 0.9023 0.8143
X-time 0.013
X,-tem 0.016

Xs-e/s -45
X1 X, —0.083
X1 X; —0.098
Xy X5 —0.065
X’ 1.90
X, -0.014
X5 —0.056

Table 5 Regression coefficients of estimated model, by analysis of multiple regressions in order to
predict the equation model of independent variables in total antioxidant activity

Variable model Coefficient R-Square Adj R-Square
Intercept 0.38 0.6923 0.7258
X-time -3.10
X,-tem —0.046

X;3-€/s 0.017
X1 X, 1.5
X1 X;3 0.016
X, X3 0.066
X, 0
X, 0
Xy 0
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Table 6 The chemical composition of defatted meal and the orange seedproteinconcentrate
Oil(%) Protein(%)  Moisture(%) Ash(%) Carbohydrate(%) Sample
43.38+0.58 22474351 7.13£0.52 2.66+0.17 2436 Non defatted meal
0.15£546 75.12+1.41 8.79+0.17 1.6+£0.23 9.03+0.48 orange seed protein concentrate
*The valuess are based on dry weight
STDEV+*Mean
900 S ge & sy - —v_
5800 duﬁwd@swjﬁgﬁj» Y-¢
5700 5S1 sl b PHEE-0 asimes (Y00 OLKen 5 ol
2 600 P
% 500 bl ITY ] dzdls Sl sl es s ALS (Sla s
% 300 ;
E;;wZOO alay) pH:Y’ 5 Ol [)\}:» wJ:.ASij:\' BE Q.:W\;- [)\}:a
%100 Gl GLPH slie 53 cddl= s sdaline (STl 5!
= 0 . . — <N PO
0 1 ) 3 4 5 6 7 3 9 10 11 12 13 ¢v.9l._'_ whls (pH_Y’) bﬁ’.ﬁ‘”}j‘,’.\ 4.19.@ [ (Y’ng\ LsthH)
oH ol sl e (Sl ) ale VU spH s s
S Sl aas H=v il jals
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Table 7 The random treatments and antioxidant activity of hydrolysed-protein of orange seed by

alkalaseenzyme
total ferric OH-radical DPPH Enzymeto
. . . radical . Temperature
antioxidant  reducing  scavenging scavenein Time(Hr) °C) substrate Treatment
activity activity  activity®%) o tg(%g) ratio(%)
0.396 0916 88.7 26.15 35 50 2 1
0253 0.828 873 14.28 2 50 2 2
0356 0.853 842 36.11 5 45 3 3
0323 0.929 88.8 24.83 35 50 3 4
0.296 0.932 98.9 375 5 55 1 5
0367 0.93 88.5 19.78 35 50 2 6
0.536 0.923 78 315 2 45 3 7
0.341 0.85 8422 378 35 50 2 8
0.31 0.848 87.8 3333 5 45 1 9
0274 0.869 86.4 64.13 2 55 1 10
0367 0.794 79.1 2791 35 50 2 11
0446 0.557 73.9 29.76 2 45 1 12
0454 0.574 96.8 63.52 5 55 3 13
0315 0916 854 30.62 35 50 2 14
0.299 0.903 98 33.81 35 55 2 15
0402 0.868 78 383 35 45 2 16
0.264 0.934 95.5 2745 2 55 3 17
0.638 0.873 88.3 25.93 35 50 1 18
0.53 0.859 943 356 5 50 2 19
0.384 0.824 833 34.87 35 50 2 20
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Table 8 Analysis of variance (ANOVA) of quadratic model resulted by response surface method for
DPPH radical scavenging activity

Mean

Sum of

Degree of

Lack of fit ~ Adj R- Square R- Square  F value Source
square squares freedom
0.5524 0.8974 0.6248 1.85 190.76 1716.74 9 Model
0.051 524 5.24 1 A-time
3.20 329.59 329.59 1 B-tem
1.47 151.63 151.63 1 C-efs
0.28 416.36 28.80 1 AB
493 784.09 507.85 1 AC
1.92 194.79 0.20 1 BC
0.010 1.04 1.04 1 A’
3.40 350.53 350.53 1 B’
8.16 0.084 0.084 1 C?
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Fig 2 3D graph for the effect of concentrationof
alkalase enzyme and the hydrolysis time on the
DPPH radical scavenging activity when the
hydrolysis temperature was at optimum value
(50 °C).
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Fig 43D graph for the effect of hydrolysis time
andtemperature on the DPPH radical scavenging
activity when the concentration of alcalase
enzymewas at its optimum value (2 %).
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Fig 3 3D graph for the effect of concentrationof
alkalase enzyme and the hydrolysis temperature on
the DPPH radical scavenging activity when the
hydrolysis timewas at its optimum value (3.5 Hr).
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Table 9 Analysis of variance (ANOVA) of quadratic model resulted by response surface method for OH
radical scavenging activity

Lack of fit AdjR-Square  R- Square

F value

Mean Sum of Degree of

Source
square squares freedom

0.5419 0.7361 0.7777

18.66

238.95 716.85 3

: i 1
- - 1
1

Model
A-time
B-tem
C-e/s
AB
AC

HO scavenging

A: concentration

43.00 1.00
Fig 5 3D graph for the effect of concentrationof
alkalase enzyme and hydrolysis temperature on the
OHradical scavenging activity when the hydrolysis
timewas at its optimum value (3.5 hr).
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Table 10Analysis of variance (ANOVA) of quadratic model resulted by response surface method for
Ferric reducing activity

Lack of fit ~ Adj R- Square R- Square F value Mean square Sum of Degree of Source
squares freedom
0.5142 0.8143 0.9023 10.26 0.021 0.19 9 Model
0.87 1.796 1.796 1 A-time
1.29 2.657 2.657 1 B-tem
0.098 2.025 2.025 1 C-e/s
26.75 0.055 0.055 1 AB
37.29 0.077 0.077 1 AC
16.28 0.034 0.034 1 BC
4.864 1.002 1.002 1 A’
0.25 5.080 5.080 1 B?
4.12 8.498 8.498 1 c’
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Fig 8 3D graph for the effect of temperature and
hydrolysis time on the ferric reducing activity when
the concentration of alkalase enzymewas at its
optimum value (2%).

Loy Mosba V50 G SS Sl Jol w4 s L
Aok slagsy, SaS bl cou pnals 5 il
G mpl Conle 5 g5 4 Ol b WJWE L, A ol
Sl 3 5 g ga anal Gladal (ST plnil Ll 5 5 SVSIT
Aok plnil g o2 S @ w5l 5 5 sl Jld
ol S ol cand (Do M sST L Slaag sl )
S 058 el 5 eds g gladzy 5 00 Sk
5 e s AL 22 e s ol 0 s
sl cdle S sl ol (YY) OLKes 5 olibe]

LK 03 9d>0 > 9 Jﬁl'l Jﬂy u))bdu_\.::ﬁ LSJ\.\.:.....S\

Yia

Fe Reducing

A: concentration

4500 100

Fig 6 3D graph for the effect of concentrationof
alkalase enzyme and hydrolysis temperature on the
ferric reducing activity when the hydrolysis time was
at optimum value (3.5 hr).
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Fig 7 3D graph for the effect of concentration
ofalkalase enzyme and hydrolysis time on the ferric
reducing activity when the hydrolysis temperature
was at its optimum value (50 °C).
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Table 11 Analysis of variance (ANOVA) of quadratic model resulted by response surface method for
totaloxidation activity

Lack of fit Adj R- Square R- Square F value Mean square ssc;grgi I?Cirgsrﬁf Source
0.5268 0.7258 0.6923 1.01 0.010 0.061 6 Model
9479 9.610 9.610 1 A-time
2.11 0.021 0.021 1 B-tem
0.3 2.993 2.993 1 C-els
1.775 1.800 1.800 1 AB
0.19 1.922 1.922 1 AC
3.44 0.035 0.035 1 BC
- - - - A2
- - - - B2
- - - - C?
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Fig 9 3D graph for the effect of concentration
ofalkalase enzyme and hydrolysis timeon thetotal
antioxidant activity when the hydrolysis temperature
was at its optimum value (50 °C).
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Fig 10 3D graphfor the effect of temperature and the
hydrolysis time on thetotal antioxidant activity when
the concentration of the alkalase enzymewas at its
optimum value (2%).
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Fig 8 3D graph for the effect of concentration
ofalkalase enzyme and hydrolysis temperatureon
thetotal antioxidant activity when the hydrolysis

timewas at its optimum value (3.5hr).
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Table 12 Theselection of the proposed optimal treatment with the appropriate antioxidant activityfor the
hydrolysed orange seed proteins derived from the enzymatic hydrolysis usingalcalaseenzyme
Total Fe OH DPPH

Desirability S . . . Time Temperature Concentration
Oxidation reducing Scavenging Scavenging
1 0.325076  0.909951 93.7213 44.4498 334 54.84 1.69
Evaluation using the human Jurkat T cell line. o =
Int Dairy J. 21, 777-782. &
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The use of enzymes for hydrolysis of protein sources is one of the common methods in the food
processing. A hydrolysed protein is a complex mixture of peptides and amino acids that are obtained from
hydrolysis by various enzymes, acids or alkali.The orange seed is largely available from the orange juice
industrieswastes, and its defatted flour contains about 26% protein and can be used as a rich and cost-
effective source for production of proteins and peptides of plant sources. In the present study, a protein
isolate with high purity was extracted from defatted orange seed flour and then the protein was
hydrolysed by using Alcalase enzyme in concentrations of 1, 1.5 and 3% and the hydrolysis time of 2-5
hours at temperature of 45-55 °C atsuitable pH for enzyme activity. Then the optimal conditions for the
production of hydrolysed proteins with the highest antioxidant properties (DPPH radical scavenging
activity, radical OH scavenging activity, ferric reducing activity and total antioxidant) were determined.
Optimum treatment at determined conditions (temperature 54.8 °C, time 3.35 hr and ration of the enzyme
to the substrate 1.7 % v/w) with antioxidant properties (DPPH radical scavenging activity (45.85%),
radical OH scavenging activity (91.82%), ferric reducing activity (89.35%) and total antioxidant
(39.68%),Based on the optimization of response surface method,was obtained and antioxidant tests were
performed on the optimal treatment for confirmation of the proposed values by software. The results
showed that the hydrolysed protein derived from orange seed could be used in the foods formulation as a
natural additive and also it can be used as a nutraceuticalwith high antioxidant ability.
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