
Citation: Ahed Messaoud, S.A.E.K.;

Benouis, K.; Guella, S.; Ghazi, A.;

Ouazani, F. Optimization of

Extraction Conditions for Bioactive

Phenolic Compounds from Orange

Peels Using Response Surface

Methodology. Proceedings 2024, 105,

117. https://doi.org/10.3390/

proceedings2024105117

Academic Editor: Wen-Jer Chang

Published: 28 May 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

Optimization of Extraction Conditions for Bioactive Phenolic
Compounds from Orange Peels Using Response
Surface Methodology †

Sid Ahmed El Khalil Ahed Messaoud *, Khedidja Benouis , Soufiane Guella, Anes Ghazi and Fouzia Ouazani

Laboratory of Process Engineering, Materials and Environment, Faculty of Technology, University of Djillali
Liabes, Sidi Bel Abbes 22000, Algeria; khedidjabenouis@gmail.com (K.B.); gelsof@yahoo.fr (S.G.);
anes.ghazi@yahoo.com (A.G.); ouazanifouzia@yahoo.fr (F.O.)
* Correspondence: khalilahed2016@gmail.com
† Presented at the 3rd International Electronic Conference on Processes—Green and Sustainable Process

Engineering and Process Systems Engineering (ECP 2024), 29–31 May 2024; Available online:
https://sciforum.net/event/ECP2024.

Keywords: orange peels; polyphenols content; extraction optimization; response surface methodology;
Box Behnken Design

Orange peels, often deemed as waste, are in fact a natural reservoir of polyphenols,
which are phytochemicals with antioxidant properties beneficial to health. Regular con-
sumption of these, particularly through infusion, can enhance overall well-being and
mitigate the risk of chronic diseases.

Optimizing the extraction process of orange peels results in a higher-quality infusion
and increased yield. This ensures maximum extraction of beneficial compounds, enhances
taste and aroma, and preserves heat-sensitive nutrients. By fully harnessing these bioactive
substances, it becomes feasible to augment the concentration of antioxidants in the extracts,
thereby offering additional health advantages.

The aim of this study is to optimize the infusion-based extraction conditions to elevate
the total polyphenols content (TPC) in the extract. To achieve this, we employed response
surface methodology (RSM) in conjunction with a Box Behnken Design plan (BBD). We
simulated interactions among three extraction variables: the mass–solvent ratio (from 1:100
to 1:50 g/mL), extraction temperature (from 40 to 60 ◦C), and extraction time (from 15 to
30 min). Their effects on the TPC, expressed in mg GAE/g DW, were scrutinized.

ANOVA analysis underscored the significant quadratic model (p = 0.0005), with a
regression coefficient R2 exceeding 0.9, signifying a robust correlation between the chosen
extraction conditions and polyphenols concentration. Optimal conditions for maximal
polyphenols extraction encompassed a plant–solvent ratio of 1:50 g/mL, an extraction
temperature of 60 ◦C, and an extraction duration of 30 min. These parameters yielded a
higher TPC output of 1600 mg GAE/g DW.
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