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INTRODUCTION METHODS

Olive leaves (Olea europaea L.) are an abundant, underutilized agro- “ Al »1 + Experimental design: Box-Behnken with 3 factors
industrial byproduct generated during pruning and harvesting. They (ehanol 0-80%, temperature 25-80°C, time 30-240
represent a sustainable source of bioactive metabolites (oleuropein, X, min) #;

hydroxytyrosol, tyrosol, and other polyphenols) with documented - Response variables: total phenolic content (Folin-Ciocalteu),
antioxidant, anti-inflammatory, and antimicrobial activities!, of interest for antioxidant activity (DPPH, FRAP), and concentrations of oleuropein,
nutraceutical and pharmaceutical applications within a circular economy hydroxytyrosol, tyrosol,

perspef:tiyez. The aim of this study was to optimize the extraction process » Instrumental analysis: LC-HRMS (positive/negative ionization);
to maximize phenolic yield and antioxidant activity. To this end, Response coumpound identification by analytical standards or MS/MS data;

Surface Meth_odology (RSM) basgd on d Box-I_Behnken design was  Quantification: external calibration curves (R%>0.99); TPC as mg
employed to investigate the combined effect of time, temperature and GAE/g, antioxidant activity as mg TE/g:

solvent composition and to identify optimal conditions?3.
P Y OP e « Validation: optimal conditions experimentally validated (optimized
extract, OE).

RESULTS

RSM optimization identified 30% ethanol, 80°C, and 240 min as the optimal conditions to maximize polyphenol yield and antioxidant activity,
significantly outperforming literature benchmarks. The model’s validity was confirmed by high statistical precision ($R*2% up to 0.98) and the
identification of 37 additional bioactive compounds via LC-HRMS.

Hydroxytyrosol (mg/g)

i
-

0.852632 [ 2534
TPC (mgGAE /8)
= %EtOH/H,0 4 = 250
X2 = Temperature
Hvd 1 e TPC - Total polyphenol Content
y roxyterSO Actual factor E’ _
Time = 162.3 imin a,b )
>0 b a ab 250 fg def ere - cde o4 T def def defe Actual factor Olea europaea L
4[0 c’d d e d d C ’ C E {a 200 g,h i ] 8 h |J 18 hl| AN % OH/H =4§;4 .
L 30 N f e f g m J ik o 2
’ g o o 150 o 400_
[eTs} > 1y =
abY i h ’ =150 I Em TPC
>0 w i i =
-0 [ ' [] 0 m B T
o S S S S S S S S S S S S S S S S 68 300 DPPH
N\ N\ > S > > N\ S > > > \} S > > S > % 2 > ) > > 0) ) > 2 ¢ & ) ) % ) %
R oc@, 5 OL'Q’(" OQC’O’ L o&“’% o(}?’o’ n(p””o’ L o(}"’o’ o(}"’o’ 5 OC}?’O’ PN S S VLA A N AP SN oL SR SN SN A S M oL AL S AN AL SN e = . ] FRAP
P 42 5 s S s 12 S 5 S s ) 5 5 5 S $ 0 (%) B g P a2 QT 42 @ 40 G B A0 40 40 D S M
Qelo °°<'> 0\0'1/ gV 0\0'1/ gV 0\0% o\ocb gV o‘ocb gV Qo\o gV gV gV O\O’L o‘ocb 250 Q Q§"° 0°‘° 0‘:9 ‘b(g»\o 0‘:9 (§|° bSg»\o 0‘:9 %Qelo 0‘:) O 0‘:‘) 0‘:) 0‘:9 b‘Qelo leo ) < w T
QJQ Q Qe\o %Q b‘Qe\o Q N D‘Qob %0 D‘QO\O ™ %00\0 D(QO\O b90\0 N Q Lo Q O O O (bQ O N o = 200 -
oooooo 1 (mg/g) (o] >
£ E =
FRAP - Ferric Reducing Antioxidant P 1007
Tyrosol erric Reducing Antioxidant Power
a
800
0,5 b,c b b,c,d b,c
0,4 b.c ° b b a0 600 ef Dode cde ef bcde bede de de X1=Temperature, 0 I | J
w 013 C,d ) flg h i d,e i glh f’g e,f ,C D f;g hi g,h . : = 0 Q Q
® | j ik k e 400 ’ ' K QQ Qy'
B 111 o B8 el i S
0,1 .
0.0 . . I . 0 O - Fig. 6 TPC (mg GAE/g) and DPPH/FRAP (mg TE/g) of Olea
' . ) \ ) ) ) ) . \ \ \ . . ) \ ) \ \ S S S ) S ) ) S S S 8 3 S S J S europaea L.
S oS R . B KT B B B R B ® P RS RS T S N SRS I Y S C A LN ML S C L L NG P
AP L G L AN SR CHN L AN S SN L SR L SR M SL AR OL SR O S L AN i > S s S s 5§ s $ s S .S s s S $
P A28 5 S 5 12 8 5 S s SR s S S S oo LY " ¢; " oD a- ® AN % q: q: v @
Q‘)\o o\o<9 o\ofl’ sV o\t;L oV 0\06) o\ocb sV o\ocb GV S fo SV ol SV o\t;L o\ocb O S o 00\0 0‘06) Qelo o\o<° 6"" S o o\cc) 0°\° 0\06) © o|o<° 0\06, o\o% Qo\o 00‘0
™ (bg Q Qo‘o ch D‘QO\O Q D‘Q D‘Qe\o (bQ D‘Qo\o D( %00‘0 D‘Qob D(QO‘O D‘Q Q > Q @ D‘Q g DS) @ th Q,Q 5(0 D(Q L
Oleuropein (mg/g) i Olea europaea L.
Oleuropein 0189121 [ DPPH - 1,1-diphenyl-2-picrylhydrazyl 1509 |
X1=%EtOH/H,0 a S E= Oleuropeina
=Temper 250 120 e
200,0 bc bed X1=% S
a b 200 ; ‘ od ¢ ode  of ef ef 99 def P 3 Hydroxytyrosol
a0 150,0 of of f c g e g d ctual factor 150 g,h gh g = R
& 100,0 ! j h = 100 h ' Actua actorg "‘ % 100~ - TerSOI
£ | k 2 : o O 004052 o
50,0 m € 50 ' . - . Time = 162.3 min 00"";"’;;;’ O
" | | 0 = = BR5500777 <]
N S -
J \) Al J Al Al \} J Al Al Al \} J Al A} J A} Q‘ 0‘ <‘3 Q‘ (% 65 Q‘ 0‘ 6; <5 (,5 0‘ 0‘ (,3 (,3 Q‘ (,3
e R 5 u ¢ 5 © e % ¢ > © N % % u > 1
PSP SN RN SN RN R PN SN ORI I R SN SN SN SN SN O S\ A SUANIN S NSO VAR A I I S VLN SRR NGt SR _/,,_’/// 50—
%) S ¢ ¢ oG ¢ ¢ ¢ sC o Q ¢ ¢ ¢ ¢ C ¢ 2 » pe » pe 2 N pe Q pe o pe pe pe » N 80 - 8
v v Vv o 'f) hol v ® p N hol o o p o ’Lc) ® slo el olo %q’ olo <°"], S olo 09’ olo 8'\’ glo 0;1’ 09’ 09’ olo olo (
0°\° o\o(’) olo (,)'L olo <’)’1’ o\:) olo (,)'L olo °)’1’ M o <°’\, <,)'L <9f1’ olo ole D&Q \ fo Q | olo <b0 | olo S fo &Q \ dlo %0 \ olo D«Q olo olo olo D‘Q | Q ‘ 69 60
2 S Q 0o\o ® D‘Qob N N D‘Q?\o ® D‘Qob 2 %Qo\o D‘Q?\o b‘oo\o O Q R Q N © O N N N 58 . \ o
Fig.1 Effect of extraction conditions (solvent concentration, temperature, and time) on the quantities of Temperature (\C) 3 @ ® % %) 0
hydroxytyrosol, tyrosol, and oleuropein. Fig. 4 3D surface plots showing how the ! ' !
250 . . o : f ; . . , N\ AN
Fia 2. 3D surf lots showina how th Fig 3. Effect of extraction conditions (solvent concentration, temperature, and time) on total phenolic content (TPC, independent variables (time, solvent, and & L P
19 2. JL7 surace plots snowing now the expressed as mg gallic acid equivalents per gram, mg GAE/g) and on FRAP and DPPH antioxidant activities (both temperature) influence total phenolic content & \\@ §<°
independent variables (time, solvent, d Trol ivalent TE/ L o o\o ﬁ\' N
and temperature) influence the expressed as mg Trolox equivalents per gram, mg TE/g). (TPC), and the antioxidant activities DPPH and o° ‘o“'
. 1 O
concentrations of hydroxytyrosol, tyrosol, FRAP (dependent variables) R

and oleuropein (dependent variables). . . .
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Fig. 5 Negative ionization mode chromatogram obtained by LC-MS of Olea europaea L leaf extract. D-Mannitolo (1), Gentiobiose (2), Quinic acid (3), Malic acid (4), 3-Hydroxytyrosol, Centuryganoside isomer (6), Glucoside hydroxytyrosol (7), Oleoside (8), Acyclodihydroelenolic acid exoside (10),

Salidroside (11), Oleoside isomer (13-14), Oleoside methylester (16), Tyrosol (17), Exoside derivative of acyclodihydroelenolic acid (19), 2-Phenethyl-B-primeveroside (20), Oleoside methylester (22), Hydroxyoleuropein (24), Luteolin-7,4-O-diglucoside (26), Verbascoside (27), Oleoside methyl ester (28),
Oleuropein diesoside (29), Luteolin-O-hexoside (31), Oleuropein (33), Lucidumoside C (35), Framerosias/2"-epiframeroside (37), Luteolin-O-hexoside isomer (38), Acyclodihydroelenolic acid hexoside derivative (39), Jaspolyoside (40), Hydroxyoctadecadienoic acid(49), Maslinic acid (50), Oleic acid (51),

CONCLUSIONS

The application of Response Surface Methodology (Box-Behnken design) allowed the identification of the optimal extraction conditions, 30% v/v ethanol,
80°C, 240 min, a synergistic combination that maximizes the release of polyphenols from olive leaves. The optimized extract (OE) showed an
exceptional phenolic yield (TPC = 124.6 mg GAE/g) and potent antioxidant activity (DPPH = 151.6 mg TE/g; FRAP = 472.9 mg TE/g), values
significantly higher than literature benchmarks. LC-HRMS analysis further revealed an unexplored chemical diversity, identifying 40 additional
compounds, including secoiridoids, flavonoids, triterpenes, and organic acids, which unveils a multi-target bioactive reservoiir. In conclusion, this work
transforms olive leaf by-products from waste into a sustainable, high-value resource for nutraceutical and pharmaceutical applications, representing a

concrete step towards the circular bioeconomy.
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