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The Increasing generation of apple processing by-products presents a valuable opportunity for the recovery of bioactive compounds within a sustainable
circular economy framework. This study aimed to optimize the ultrasound-assisted extraction (UAE) conditions for maximizing the recovery of phenolic
compounds from apple pomace, using a mathematical modelling approach. The effects of extraction time (10-30 min), temperature (25-75 °C), and plant-
to-solvent ratio (1020 g/mL) were systematically evaluated across 15 experimental runs.

ase

Correlation

a-Amylase

coefficient

BChE

. Tyrosinase

1.0

0.8

ﬁ
R%
o
O
k=
<
3

0.6

- 04

- 0.2

0.0
- =02

- =04

Tyrosinase . -0:6

I Juice production industry I UAE extractions a-Amylase ()

o-Glucosidase .
30

Fresh apple pomace Freeze dried apple pomace Dried and milled apple pomace

-0.8

~1.0
® 1p mDprPH W CUPRAC _ | |
B TF | ABTS Figure. 1. The correlation analysis between observed responses
5
25 -
4 }
5 1 BChE 15
20 -
21 AChETg
- 12° 14 z
S . MH
15 - 3 1 Tyrosinase 9- 3
=~ [
&N O —a 13
= 2
& TP< :/ 6 -5 -
10 - -1} FRAP < e a-Amylase
CUPRAC J1 1
-2} DPPH a-Glucosidase
ABTS 13
> - -3
-4} PM
0 5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 -10 -8 -6 —4 ~2 0 2 4 6 8
Figure. 3. Total phenolic and flavonoid contents and antioxidant properties of the apple pomace extracts PC 1: 50.84%

Figure. 2. PCA of apple pomace extracts samples based on observed responses

Total phenolic content (TPC) and total flavonoid content (TFC) ranged from 4.70 to 9.97 mg GAE/g and 0.21 to 0.79 mg RE/g, respectively, indicating a
significant influence of process variables (p < 0.05). The optimized conditions (10 min, 25 °C, 20 g/mL) yielded the highest TPC and TFC, aligning with
superior antioxidant performance across DPPH, ABTS, CUPRAC, FRAP, metal chelating, and phosphomolybdenum assays. The extract exhibited strong
radical scavenging capacity, particularly in samples 11A and 12A, with DPPH and ABTS values reaching 15.51 and 16.84 mg TE/qg, respectively.
Enzyme Inhibition assays demonstrated moderate inhibition of AChE (2.58 mg GALAE/g) and tyrosinase (55.03 mg KAE/g), supporting potential
applications in nutraceutical and cosmetic formulations. The developed mathematical model accurately described the influence of extraction parameters
on bioactive yield and antioxidant response, confirming the efficiency of UAE as a green and scalable technology for apple waste valorization.
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