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Introduction

Citrus fruits, widely abundant and distributed worldwide, give rise to substantial by-product quantities,
potentially reaching up to 120 million tons each year, being the Mediterranean region a key producer in
this context. Specifically, within this geographical area, Portugal's citrus fruits cultivated under the
Protected Geographical Indication (PGI) designation constitute a significant agricultural sector, which
resulted in a production of approximately 398.83 thousand tons, in 2019 [1]. Nevertheless, the processing
of these fruits results in significant waste materials such as seeds, peels, and pulp, which make up 45% to
50% of the fruit and contribute to environmental issues such as water and land pollution [2, 3]. This
challenge is further exacerbated by the increasing global population, which exerts mounting pressure on
our food systems. However, citrus by-products hold great promise as a source of bioactive ingredients,
offering solutions to maximize food utilization, promote upcycling, and introduce innovative nutritional
and health benefits [3]. This potential is especially evident in citrus peels, which are rich in valuable

compounds like essential oils, fiber, and polyphenols.

Objectives

\

grapefruit peels) in a way to promote circular economy within the industry.

~ - Under the frame of the M.E.D..5.M.A.R.T. Project (Partners: UCP, NRC, SSICA, AMC, CRIFFC and Tarimas)
) 'was aimed the development of a sustainable and integrative approach based on green chemistry
/" principles to valorize different Mediterranean citrus by-products (orange; lemon, mandarin and

CBQF - CENTRE FOR BIOTECHNOLOGY
AND FINE CHEMISTRY sssaciere waoserory CBQE

COTHN

CENTRO OPERATIVO E TECNOLOGICO
HORTOFRUTICOLA NACIONAL

JUICES

=4
e
S

o
MMMMMMM

\\

A §

CITRUS
BY-PRODUCTS

4‘\ NOVEL
S — EXTRACTION APPLICATIONS
8% -~ \ PROCESS POLYPHENOLS ESSENTIAL (e.g.: Food
| \\\\\ RICH EXTRACT OiL Biomedical, etc.)
PECTIN

Figure 1. Citrus by-products obtention process and upcycling diagram.
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Figure 2. Integrated biorefinery strategy for citrus by-products valorization. Adapted from Vilas-Boas et al.,
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Results & Main Conclusions

Table 2. Citrus by-products bioactivities

Polyphenols-Rich Extracts Essential Oils

Orange Lemon Grapefruit Mandarini Orange Lemon Grapefruit Mandarin
ABTS (IC50 mg/mL) 4.1 N/A N/A
DPPH (% inhibition)* 96.7  98.6 92.3 99.0 76.2 86.4 65.8 81.3
NOF (% inhibition)* 93.5 97.1 90.0 99.3 79.4 83.9 64.7 83.9
Anti-inflammatory 125/ 35.0/  25.0/ 145/  40.0/ 12.5/ N/A 24.3/
(ic50 ug/mL) (cox1/cox2) 0.1 0.2 0.3 0.1 0.6 0.1 0.3
Antihypertensive  19.8 N/A N/A

*at 2 g/mL for essential oils and 1g/mL for polyphenols extracts.
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Table 1. Citrus by-products chemical

composition.
o : Lemon Oil Orange Oil
Polyphenols-Rich |  Essential

Extracts Oils MIC  MBC/MFC IZD MIC MBC/MFC  1ZD
(mg/g) % (w/w) (mg/mL) (mg/mL) (mm) (mg/mL) (mg/mL) (mm)
- : S. aureus 21.5 Non 12.5 1721 Non 10

Hesperidin - D-limonene
(3.25 - 3.60) (17.76 - 94.75) S. enterica 86.1 459.0 13.0 Non Non Non
Eriocitrin y-terpinene E. coli 28.7 Non 10.2 Non Non Non

(18.29) (7.52 - 8.17)

L. monocytogenes  10.5 37.5 12.7 172.1 Non N/A
Narirutin a-pinene :

(1.62) (6.61- 1132) A. niger 36 574 NJ/A 7.7 2205  N/A
Naringenin B-pinene F. verticilloides 28.7 28.7 N/A Non Non N/A
(0.08 - 1.48) (7.71 - 15.64)

P. epansum 14.3 14.3 N/A 114.8 459.0 N/A
Myrcene :
(0.95 - 13.52) Clodosporiun spp. 0.9 3.6 N/A 0.9 14.3 N/A
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Overall, M.E.D.I.S.M.A.R.T. has been able to develop new added-value citrus-based ingredients, aiming to achieve the zero-waste concept, following the EU recommendations for 2030 and
promoting the Mediterranean economy in various sectors, namely food, nutraceutical, biomedical and cosmetic applications.
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ATR-FTIR PROFILE OF CITRUS PEELS’ PECTIN
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Figure 3. FT-IR spectra of the pectin extracted from fresh lemon’s (A) and orange’s (B) peel according to different
extraction variables. HCl - Pectin extracted using acid chloride-acidified water; Citric Acid — Pectin extracted using
citric acid-acidified water; H2SO4 - Pectin extracted using sulfuric acid-acidified water.

Table 5. Nutricional and chemical profile of citrus pectin according to different extraction variables.

Sample Method Acid  Yield (%) Protein (%) Moisture (%) Ashes (%) DE (%)
Citric 32.9 5.2 10.0 2.1 70.1
Lemon Conventional HCl 33.5 4.7 8.5 1.8 88.5
H2S04 25.6 4.7 8.8 3.1 88.0
. Citric 36.1 5.9 7.5 1.4 69.7
Conventional
Kitchen Robot  Citric 35.4 5.5 4.9 2.7 72.1
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