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2- Response Surface Methodology

3- Central Composite Designs
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Table 1- Levels of independent variables used to optimize the conditions for hydrolysis of apple seed
protein with alcalase enzyme with and without ultrasound application

Levels variables

+a +1 0 -1 —a
Independent variables code
Hydrolysis process time (A) 180 149.595 105 60.4047 30
Process hydrolysis temperature (B) 55 51.9595 47.5 43.0405 40
Enzyme to substrate ratio % (C) 2 1.7973 1.5 1.2027 1

Table 2- Treatments designed using the response surface method in two modes with and without ultrasound

Treatment Enzyme to substrate ratio (%) Temperature (°C) Time (minutes)

1 1.50 47.50 30

2 1.20 43.04 60.40
3 1.80 51.96 60.40
4 1.80 43.04 60.40
5 1.20 51.96 60.40
6 1.50 40 149.60
7 1.50 47.50 149.60
8 1.50 47.50 149.60
9 1.50 47.50 149.60
10 1.50 47.50 149.60
11 1.50 47.50 149.60
12 1.50 47.50 149.60
13 2 47.50 149.60
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14 2

15 1.50
16 1.20
17 1.80
18 1.80
19 1.20
20 1.50

47.50 149.60
55 149.60
43.04 149.60
51.96 149.60
43.04 149.60
51.96 149.60
47.50 180

2351 40 O3 e 413 3 o 5 LS 5 T il
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Table 3- Approximate compositions of defatted, non-defatted and apple seed protein concentrate powders

Sample Protein (%) Moisture (%) Oil (%) Ash (%) Carbcz%drate
defatted apple seed powder 28.78 £0.01°  9.58 +0.35° 7.20£0.20°  2.64 +0.00% 51.80
Apple seed powder with fat 19.51+£0.01¢ 9.42+0.29* 19.88£0.42* 2.55+0.01° 48.64
Apple seed protein concentrate ~ 72.01 £0.26*  5.68 £ 0.09° 220+£0.20° 0.75+0.01° 19.36

Means with the same letter in each column indicate no significant difference at the p>0.05 level. Values are mean

+ standard deviation.
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Table 4- DPPH free radical scavenging activity data with and without ultrasound pretreatment

Treatment DPPH DPPH(U)

10
11
12
13
14
15
16
17
18
19

20

60.85 49.10
58.14 62.95
58/57 50.86
51.71 62.32
60.88 57.97
62.05 50.39
57.27 50.96
59.24 50.21
59.79 50.39
61.05 50.58
60.07 45.17
52.87 45.18
60.31 58.95
52.06 56.47
52.59 52.16
64.38 63.89
66.97 59.46
59.15 62.00
45.22 61.01
56.72 60.19

U: ultrasound pretreatment

DPPH: DPPH radical scavenging activity(%)
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Figure 1- Three-dimensional response surface plot of the effect of hydrolysis time (minutes), hydrolysis
temperature (°C), and enzyme to substrate ratio (percent) on changes in DPPH radical scavenging
activity of hydrolyzed apple seed proteins with (a-c) and without ultrasound pretreatment (d-f).

JS2) @sol b sled i Osd 5 Qa JS) sl
1/60) ol (gl s 41 o 35T Cd 3 4 isls 0L 2d
(NPT LT POTIUR I Lo KWW ] RGOV P N WS
s 5 4i3N 4/ Jslae 1) gstm dl 3 Oloy oS s
L aS ol ok 3158 g ol S mle ax s 01/47 O
Chyie W et gl RlBl s Ol S
B N I S RIS PERWAS M
ek Gty 03 Jsb S S sladzy w0 Wl L
ClSIs Cusls ey B Sl el 5 S
G5 laday & Gl ol yasiine &S (g sbas 3l o
SV SnS| ST bl lhls xS Js35e 05 L
adlles 31 (Y0YY) 0L, Ks 5 Izanloo [YV] L
33 A Gl s sl s (S 2ol s e
S 5 gsmo S0 ot by 5 s bl
Eol gl lsses 4 e gl [YA] cls S Slas]

@b )

Al ke il Ol

203

@ v.ijj St 9 J':jj).,\,:h LgLab 9 QLU J:JU —-Y-Y-v

ol }:j})J:-“ w'sjﬁ: JSL;‘U.:WS\J;T Q.:.“aﬁ;: |J:.~v-"}«.ﬂ

Sl Sl s D34 5 b o

oo L L O 50 052) MO(VI) sl il s 0050 )
@ gel Ly (40 Sie 5L L O g0 0 52) MO(V) & (+11
Sl PH 3 Sl MO(V)/ G s poSaS |55
Sl sdiasolis ol Ol il [YV] 555 o ol
3 el s plae M ol VL JS slans!
s 5, el Gl (0 Jsda) b il
s Osa31 53 Dol b slas S o e 4lls 0
L /oY) o Gl 140 g0 Jsb 03) IS glos] 5
VOV o sl sl S G5 Sk sas 53 5 ANV
Aol gles o3 oley blize Jl .38 515 /AAY G
Sty SMeSI ST b s s

Dles S boeld DS A e Al 0l s



\eeo B JYY 6,93 Avy GJL«&

Qlﬂl L;l"lb Gw‘gf_y\&&bu

G 3318 Sl am ;3 £0/YV B £Y/0 8 (slos 5 lads sl
D3 ged el s 4 L p3 VYO B V/Y | g 4 5
\My@ﬁﬂwju%pw;l(ﬂyd)dwu
JS SIS s 1 (adds Ve o Ol L)
03 &S Sl yasilie das e OLAS edd g ds 5 s
Pl e SR L LS Sl s 0147 (sles
e SRl ek pas IS eS| BT e | e s
sen b VSIT 5T aS 3 S s Ul oo S5 5bas
ol 4 3 o &l T 3 S se Sk Al
Ceol oS Coles gy Skasos S ool L pladsy
Calgss 5ok oIl SLS 5 a4 sl sladisly Las

[Ya] 558 00 IS SISt Bl cd b ful58l a4 e

o Wl oS pdsdas slacSs S ST s
LT3 el slaoles 53 D pal B AT 3 Lo s iy
g;v:..\,.'v B (4.5.:3;\2('\ /e BTV 63 gl>we ))) }:JJJJ?A
ol a5 Lo Lo, V/Ve BV/Y lﬂy@ﬁji
Cled iy Sl OlF e Qe S0 sl b
O3kt g 313 0 3l 55en (Slaye sy JS ST 5T
Ol S el csn sKn gl bl i Jles!
53 s &l Cod 5 il e il
" wﬁ Gl 3 43> V4N 0le3) 55 A= o SV
S 5 Lod Jline J1azlls H1 3 (ho)s VA |z g
JS2) S S SleeSI ST cdld 6 Lt s & 3
JS ST sl cdled o YL el el als OLES ¢

Table 5- Total antioxidant capacity data with and without ultrasound pretreatment

Treatment AOT AOT(U)
1 0.581  0.556
2 0.653  0.806
3 0.528  0.591
4 0.657  0.556
5 0.561  0.620
6 0.513  0.697
7 0.654 0.721
8 0.616  0.693
9 0.609  0.671
10 0.621  0.667
11 0.618  0.675
12 0.682  0.757
13 0.611  0.586
14 0.682  0.581
15 0.687  0.627
16 0.621  0.821
17 0.982  0.817
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0.706  0.521
0.573  0.753
0.659  0.756

U: ultrasound pretreatment

AOT: total antioxidant activity

e

Figure 2- Three-dimensional response surface plot of the effect of hydrolysis time (minutes), hydrolysis
temperature (°C), and enzyme to substrate ratio (%) on changes in total antioxidant activity of
hydrolyzed apple seed proteins with (a-c) and without ultrasound pretreatment (d-f).
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Table 6- Iron reduction property data with and without ultrasound pretreatment

Treatment Fe  Fe(U)
1 0.691 0.799
2 0.763  0.793
3 0.638 0.803
4 0.767 0.843
5 0.671 0.802
6 0.623 0.811
7 0.764 0.814
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U: ultrasound pretreatment

Fe: Iron reducing power
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Figure 3- Three-dimensional response surface plot of the effect of hydrolysis time (minutes), hydrolysis
temperature (°C), and enzyme to substrate ratio (%) on changes in the iron reducing power of
hydrolyzed apple seed proteins with(a-c) and without ultrasound pretreatment (d-f).

Whi) Ao y3 VA | i s 4y o 51 3 8 Sl 5
e 3 A Jeol (g DS Al b 93 8 6l e
WO e b ) SIS AT C b
5 Gl Vor zsn Jsb 53) cal bl s (a5l
S i Jlesl 050y 5 L DPPH JISsl, Slee b
VA 5 AL CHAY 5 A Jslas i S 4 oD gl b

.(V J}A}-) S5 Aoy haYa\2 E) OA/Q Y

My Cer dode g klS e -ETHY
okl daodes laSs

b o s, leslinad L YL Sl sl

S e

Cer ap bl a4 sl Ol el s o =l
v—i)ﬂ bogcae i bcaw dbs 18555 s e
LT3 0l e pol 3 slasihy Jlasl 5 5 b YT
0V /AT e T b les wwids V44N s 0a

Table 7- Predicted and actual values of dependent variables under optimal enzymatic hydrolysis conditions

. . . DPPH radical
Target factors Total antioxidant activity Iron reduction power scavenging activity
(absorbance at 695nm) (absorbance at 700nm) %)
0
Predicted value by applying 0.80 0.84 53.90
ultrasound pretreatment
Predicted value without
applying ultrasound 0.97 1.08 66.67
pretreatment
Actual value with ultrasonic 0.92 0.78 4727
pretreatment
Actual yalue without 077 0.93 5940
ultrasonic pretreatment
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With increasing concerns about the harmful effects of synthetic
antioxidants on health, the use of natural antioxidants, especially
bioactive peptides, has become increasingly important. In this study,
the optimization of the enzymatic hydrolysis process of apple seed
protein by alkalase enzyme and ultrasound pretreatment was
investigated. Enzymatic hydrolysis of apple seed protein with alkalase
enzyme was performed at temperatures of 40 to 55°C, enzyme to
substrate ratio of 1 to 2%, and for a period of 30 to 180 minutes. The
protein solution was treated with a pulsed ultrasound device (200 W,
60 Hz) for 5 minutes before hydrolysis. Antioxidant activity was
evaluated by measuring DPPH radical scavenging, reducing power,
and total antioxidant capacity. Samples without ultrasound
pretreatment showed the highest antioxidant activity. The optimal
conditions for antioxidant activity in this case were, respectively,
hydrolysis time of 149.60 minutes, temperature of 51.96°C, and
enzyme to substrate ratio of 1.80%. The total antioxidant capacity test
(at a wavelength of 695 nm) showed that the absorbance of the
ultrasonically pretreated apple seed protein hydrolyzed samples was
between 0.521 and 0.817, and that of the non-pretreated samples was
between 0.513 and 0.982. In the iron reducing power test (at a
wavelength of 700 nm), the absorbance of the ultrasonically
pretreated samples was between 0.793 and 0.870, and that of the non-
pretreated samples was between 0.623 and 1.095. The DPPH radical
scavenging activity for the ultrasound-pretreated samples ranged from
45.17 to 63.89% and for the non-pretreated samples ranged from
45.22 t0 66.97%. The results of this study indicate that these peptides
can be used as natural antioxidants in the formulation of food products
to reduce oxidation and increase their shelf life.
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