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Introduction
Olive Seeds is a major by-product of the olive oil industry, produced in millions of tons annually. It contains
significant amounts of protein (approximately 13.5%) along with fiber, lipids, and phenolic compounds. However,
native proteins have low solubility and complex structures that limit their functionality. Enzymatic hydrolysis is
an eco-friendly method to release bioactive peptides with antioxidant, ACE-inhibitory, and cholesterol-lowering
activities. The choice of enzyme is crucial; alcalase (a broad-specificity serine protease) and trypsin (a specific
protease cleaving at lysine and arginine residues) produce different peptide profiles. Process variables such as
hydrolysis time and enzyme-to-substrate (E/S) ratio significantly affect the degree of hydrolysis and antioxidant
activity. Response Surface Methodology (RSM) is a powerful statistical tool for optimizing such multi-variable
processes. Moreover, the stability of hydrolysates during storage, thermal processing, freeze-thaw cycles, and pH
changes is essential for industrial applications. This study aimed to optimize the hydrolysis conditions (time and
E/S ratio) for olive seeds protein using alcalase and trypsin via RSM, evaluate the antioxidant activities, and assess
the stability of the optimal hydrolysates under different pH, heat, refrigeration, freeze-thaw, and ambient storage

conditions.

Materials and Methods

Olive seeds were obtained from local market at Gorgan then dried, ground, defatted with hexane (AOAC
method), and protein was isolated by alkaline extraction (pH 11) followed by isoelectric precipitation (pH 4).
Protein isolate (5% w/v) was hydrolyzed in Tris-HCI buffer (pH 8 for alcalase, pH 7 for trypsin) at 50°C (alcalase)
or 37°C (trypsin) with E/S ratios of 1-3% and 30-210 min according to a Central Composite Design (CCD)
approach. The reaction was stopped by heating at 85°C for 30 min, then centrifuged and freeze-dried. Antioxidant
activities were measured by different methods namely: DPPH radical scavenging, reducing power, and total
antioxidant capacity (phosphomolybdenum method). Stability tests included: pH stability (pH 3-8, 30 min),
thermal stability (95°C for 15-75 min), refrigeration storage stability (4°C for 15 days), freeze-thaw cycles stability
(15 days), and ambient storage (25°C for 7 days). Data were analyzed by Design Expert, ANOVA followed by
Duncan's multirange test (SPSS), and graphs prepared by Excel software.

Results and Discussion
RSM analysis showed that both time and E/S ratio had significant quadratic effects on DPPH, FRAP, and TAC
for both enzymes. For alcalase, response surfaces exhibited a dome-shaped central peak with optimal conditions
around 150 min and E/S 2%. For trypsin, a rising quadratic plateau was observed, with optimal conditions around
139 min and E/S 2%. These patterns confirm that excessive hydrolysis reduces antioxidant activity due to over-
degradation of active peptides into free amino acids. Alcalase hydrolysates consistently showed higher antioxidant
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activities than trypsin hydrolysates, attributed to alcalase's preference for hydrolyzing at hydrophobic/aromatic
amino acids (Phe, Tyr, Trp, Leu, Val) which are strong electron donors. Stability studies revealed, pH: Maximum
TAC at pH 7-8, minimum at pH 3-4 (near isoelectric point). Alcalase hydrolysate was more stable. Heat (95°C):
Gradual time-dependent decrease in both FRAP and TAC; alcalase hydrolysate retained higher activity after 75
min. Refrigeration (4°C, 15 days): Progressive decline in TAC and FRAP; alcalase hydrolysate showed slower
decay. Freeze-thaw (15 days): Significant reduction after each cycle, mainly due to ice crystal damage and
cryoconcentration; alcalase hydrolysate more resistant. Ambient (25°C, 7 days): Faster decline than refrigeration;
alcalase hydrolysate.

Conclusion
The optimal hydrolysis conditions for olive seeds protein were determined using RSM. Alcalase-produced
hydrolysate exhibited superior antioxidant activity and stability compared to trypsin-hydrolysate due to the release
of hydrophobic/aromatic-rich peptides. Stability decreased in all tested conditions (heat, freeze-thaw, storage), but
alcalase hydrolysateconsistently showed higher retention. These findings support the valorization of olive seeds
protein as a source of stable antioxidant peptides for food and pharmaceutical applications.
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Fig. 1. Three-dimensional response surface plot of DPPH radical scavenging activity as a function of hydrolysis time and
alcalase-to-substrate ratio
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Fig. 2. Three-dimensional response surface plot of DPPH radical scavenging activity as a function of hydrolysis time and
trypsin-to-substrate ratio
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Fig. 3. Three-dimensional response surface plot of ferric reducing power as a function of hydrolysis time and alcalase -to-
substrate ratio
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Fig. 4. Three-dimensional response surface plot of ferric reducing power as a function of hydrolysis time and trypsin-to-
substrate ratio
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Fig. 5. Three-dimensional response surface plot of total antioxidant capacity (TAC) as a function of hydrolysis time and
alcalase-to-substrate ratio
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Fig. 6. Three-dimensional response surface plot of total antioxidant capacity (TAC) as a function of hydrolysis time and
trypsin-to-substrate ratio
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Table 2- Antioxidant activity responses of the optimal hydrolysate produced under laboratory conditions
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*Within each row, different superscript letters indicate a significant difference between the experimental and software-predicted
values (P < 0.05), while the same letters indicate no significant difference.
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Table 3- Analysis of variance (ANOVA) and goodness-of-fit statistics of the quadratic models for response variables of olive
pit protein hydrolysates produced using Alcalase and Trypsin

&b e Adjusted P F
juste . - -
Response _S<ie C.V% R R? Lack of Fit value value
Model
(;¥UT) DPPH 51 JIS63), ) lgo Not
DPPH Radical Scavenging Activity Quadratic 8.8 0.831 0.9 significant 0.002 12.91
(Alcalase)
(YW oyl Saslsl oy . Not
uadratic ~ 3.86 0.948 0.97 A 0.0001  45.32
Ferric Reducing Power (Alcalase) Q significant
: ; . Not
(’YK_”) Jf @'*"5_'5“' el Quadratic 4.1 0.94 0.98  significant 0.0001  45.3
Total Antioxidant Activity (Alcalase)
(02 ) DPPH 1T IS5 e Not
DPPH Rad|c§!r?;s\s/len[;g|ng Activity Quadratic 4.09 0.88 0.93 significant 0.0006 19.29
(st ) ool SaSlol @08 ; Not
: uadratic ~ 12.21 0.66 0.8 A 0.021 5.66
Ferric Reducing Power (Trypsin) Q significant
¥ X IR Not
(o) IS SeuSlsl s Quadratic 9.0 0.84 09  significant  0.0017  13.76
Total Antioxidant Activity (Trypsin)
on Solwly sl b iiSeny p PH b 5l sl @ylya) auld Alide dalpd ye oljalgyaa s lul
BY)PH ol pdlie )3 cowl guod I3l aiel dusl (sloosilo 5L (PH 9 alaa!
s SogS (Ab dgign case TH laps YL cble PH = (3-8) suguss yu s luly
oA b a1 g e aiel (lasa] Sl (slbe s 40 39390 JS (Sl ST
i (S sl g (Sslwlg Sl sl piSwr 9 S0 ST T b b 9 0 simlin VIS5 55 &S b len
S8k Gl L ksl (53588 (]l cows Ol pl A8 e Oial38l b g oly L |y PH 4y il ,ld) 0 julg )i ey JS

4 Gheslal S sloosilo Bl wyied 5 odd (uBign S b osalie opl il Gl o5 jsbay A 4 Y5l pH



VP8 UT- o0 F o )loids TY alr () (108 lio g pole Glotrgyy & pits  YVF

iy Oladad pl y 0gMe Lamd dails 1) oy gulinsT gloo o
i S 25 5 Sl & bles YIS b 00 g5 5SS
S o e 1y (530e) b (sl b L] isSany 35
sy &S puwn o blie > (Pérez-Galvez et al., 2024)
O o5l 9 g Sesile Bl JeuS 52y Caans 3 (polais]
I 8 sl (Sae & A5 o Mg (Solie iy hlgn jioe
S5 ) g5 o ) Bl Siilag)l g 52, disel (sl
e 9 YSI3l Jols (slaclidg nm (e 0y Job 5 s
Pérez-) 5,135 o il sl a1 T Jiaily 2 oaitans ygboas
.(Galvez et al., 2024; Ahmadi, Kadivar, & Shahedi, 2007;
) PH Gl b IS ool cad )b )5 ond sanlie iol38!
Bl (6 ppisllani 5 Clo g b (SKle S 51 (A 4 ¥
ok PH 3wl oo U lulyd )3 (2S5 n celidy)am
5 Saaligls w5le) (el aisel bl (claosilo Bb A4S wigigy
On 23S ol (e bty Cute alls L g (el Syl
o 53 5 0 Sl Sty oS @l g 1y JsSlse
Ay ials 1y o1l el 6ol (o5l s (lp Jld (ol Ko dlass
Jo95 g ) (8 45903 (PHEA-Y) (LB Lulyd ) ¢ e o
oA b GBI L ohen ((Jgib JeuSsyin slaog)S 5 (-SH)

Ju (bl laopss; 4 wpwd g S (Sl red
9 )’9115 SR .(Liu et al., 2023) iy o dgud I u;l_x{,ufld';ﬂ
2y PH g w3l g9 I (Pérez-Galvez et al., 2024) Ko
052 ofen blae 3,Sles 5 )l o S
039 @39 wi el ol 1dgpaem ol LS ol 08T )
PH g 595 o0 (g Yo (5 plsdllasil iol38l g lansy (Js8d50
2ge Sl cpl )l bolids i 3Slas )3 (ot A 35
2 09 Sy jl edlatel clbl 5 o3 Slas ol 390

2
15 Ae
Af Bf Be

1
T
0
3

J s 3l e
Total antioxidant
capacity (Abs. 695 nm)

B Alcalase ;v

Lol s 4 PH ial33l b 038 o dgiome |y 151 (gl IS0,
(el (slaog)S S Wigignied (A L F) LB (oS g
Dbl 8 g slen sloog)S e (Sliuly Sl asdly il
B oyme > Gl g Jlsle (15 53l cage (nSgn (alad
5 Olsin s (nigns Wl s, 5 Selog)l claosilo B (85
5 3031 oy (gl id )3 ore G & 3550 I it
ol pogdMe .(Pérez-Galvez et al., 2024) ,l> g xSII Jlas!
9 OH sile) (i saiShal (slaog)S jiin () (o 5
W 1y sk celanl 5 eIl JEl 5YL pH s (NH,
il Ol el plly A o Jutns ST sl SIS0, (g3l i
SB35 Dl o mlite SliasS] 5l cdled 3 pH &,
Sl g 9 Jub slaosila Bl (58,5 )15 (e ylisle
Esteve et al., ) 54 oo 031> Cand (oLl Loty p3 149 5SUl gl
3390 Oty 9 SYSI Stdsiigny il 99 o Awlio (2015
o] ablS 5o 1) (o)l (lacglis ¢y 35 0 (sl o3li]
sole @lio Lolul p ol las SlasT sT sl (o5lodljl )
S8l ol s IS gty o3l iy plos 2 5]
Cad b oVl L Slidgin pglie psb 4 YT Ll it
@ P ol A8 e Mg dilise (slajliig (e 0 S]]
@ o] bl o394 9u5 g0 0315 s SYISIT 03 1 iaan (S
52,500 disel dal srosile Bl gl 53 (giuin (sbaian (sl
ol ol olly 5 g Bsi g (0nign s YIed Al
slassy 5l i plyiea b bl O )0 o olSin (oS ai]
Slois b el e wisde M1 ol 0y
Slord als e 4 olils Suseds 4 ol cls ),
S slbo s g Kileg,l slaadls (Mardani et al., 2023)
5 035 bal (g SUl B5e gbody Ailgi oo oilo Bl ol 2,5
x5 g a8 b 1y ol Gl ), erticin (sl Sl

Aa Ba

Ad Bd

Ac g, Ab gy II
4 5 6 8

7
pH

B Trypsin ey

PHA U Y 0dga5m0 43 (95§ dimmnd o 541950 (a9 g JS (ol T 5T Cold -V U5
ol (P <e/40) o p> BN 3955 003 L il i By ot

Fig. 7. Total antioxidant capacity of hydrolyzed olive seeds protein in the pH range of 3 to 8
«Different letters indicate differences at the level (P>0.05).
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Fig. 8. Ferric reducing power of hydrolyzed olive seeds protein in the pH range of 3 to 8
*Different letters indicate differences at the level (P>0.05).
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Fig. 9. Total antioxidant capacity of olive seeds protein hydrolysate at 95°C for 15 to 75 minutes
«Different letters indicate differences at the level (P>0.05).
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Fig. 10. Ferric reducing power of olive seeds protein hydrolysate at 95°C for 15 to 75 minutes
sDifferent letters indicate differences at the level (P>0.05).
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Fig. 11. Total antioxidant capacity of olive seeds protein hydrolysate during 15 days of storage at refrigerated temperature
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«Different letters indicate differences at the level (P>0.05).
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Fig. 12. Ferric reducing power of olive seeds protein hydrolysate during 15 days of storage at refrigerated temperature (4°C)
«Different letters indicate differences at the level (P>0.05).
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Fig. 13. Total antioxidant capacity of olive seeds protein hydrolysate during 15 days of storage under freeze-thaw cycles
*Different letters indicate differences at the level (P>0.05).
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Fig. 14. Ferric reducing power of olive seeds protein hydrolysate during 15 days of storage under freeze-thaw cycles
*Different letters indicate differences at the level (P>0.05).
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Fig. 15. Total antioxidant capacity of olive seeds protein hydrolysate during 7 days of storage at ambient temperature (25°C)
*Different letters indicate differences at the level (P>0.05).
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