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Research at our Lab is highly collaborative

� Research Group based in 

Sicily’s Palermo collaborates

with leading researchers in 

>20 countries

� All papers self-archived and 

freely available on our Lab

website: qualitas1998.net
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Pectin: heteropolysaccharide ubiquituous in plant

and fruit cell wall

� The structurally most complex 

polysaccharide from a structural 

point, plays a key role in ensuring cell 

adhesion

� Since the most abundant 

polysaccharide, about 65% of pectin, 

is the homogalacturonan (HG) chain 

made of galacturonic acid monomers 

linked with α-1,4 glycosidic bond and 

partially methyl esterified to the 
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partially methyl esterified to the 

carboxylic C-6, the structure is often 

represented as in Figure 

https://cen.acs.org/articles/91/i29/P

ushing-Pectin.html



Yet, pectin structure includes at least three bound

polysaccharides
� Along with the HG chains alternate 

branched α(1–2)-l-rhamnosyl-α(1–4)-d-

galacturonosyl chains substituted with 

side chains of mainly α-l-arabinofuranose

and α-d-galactopyranose (known as 

rhamnogalacturonan-I chains, RG-I, 

about 20–35%) and 

rhamnogalacturonan-II (RG-II, 2-10%) 

� The RG-II chain has a highly substituted 

HG skeleton with side chains A, B, C, D, 

containing 12 different sugars, with 
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more than 20 different bonds . 

Atmodjo, M. A., Hao, Z., and Mohnen, D. Evolving views of pectin 

biosynthesis. Annu. Rev. Plant Biol. 64 (2013) 747–779. 



The RG-I and RG-II chains play a more complex role

than the HG chain

� The role of the RG-I and RG-II 

chains in cell adhesion, much less 

studied, clearly suggests 

"specificities in pectin-mediated 

cell adhesion that extend beyond 

a simple story where pectin-

equals-glue". 

� The RG-II chain plays a critical 

role in plant growth and 
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role in plant growth and 

development. 

Daher Firas Bou, Braybrook Siobhan A., How to let go: pectin and plant cell 

adhesion , Frontiers in Plant 6 (2015) 523 



Natural hydrocolloid marketed since 1908

� Anne Frank's father Otto ran the 

Opekta factory in Amsterdam
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Bottiglie Opekta in una mostra speciale su Anna Frank al Museo ebraico di Basilea



The most expensive and versatile natural 

food-grade hydrocolloid 

� According to recent estimates by 

Seisun, the price that in 2020 

reached $ 18 / kg and production 

approached 70,000 tons 

� The food industry cannot do without 

it, for a variety of products starting 

from drinkable yoghurt 

Dennis Seisun, Nesha Zalesny,, Strides in food texture and hydrocolloids,

Food Hydrocolloids, 117 (2021) 106575,
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Market structure

� Strong growth of the $ 1.3 billion 

market. Price more than doubled

in 10 years. Historic oligopoly 

dominated by 7 companies from 

Western Europe and North 

America

� The first plant based on acid 

hydrolysis has been located in 

Redon in France since 1941. Still 

operating today. In the former 

socialist countries it was produced Rosaria Ciriminna, Alexandra Fidalgo, Riccardo Delisi, Laura M. Ilharco, Mario Pagliaro, 
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socialist countries it was produced 

in Poland and in the USSR
Rosaria Ciriminna, Alexandra Fidalgo, Riccardo Delisi, Laura M. Ilharco, Mario Pagliaro, 

"Pectin Production and Global Market", Agro FOOD Industry Hi Tech 27(5) (2016) 17-20



Production process

� Produced from dried or fresh 

lemon, orange and lime peels (and, 

to a lesser extent, from apple 

pomace). Industrial process based 

on prolonged acid hydrolysis with 

mineral acid in hot water (70-80 

C) followed by precipitation with 

isopropyl alcohol 

� In addition to generating large 

amounts of acidic water, the 

process strongly degrades the 
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process strongly degrades the 

natural structure of pectin 
Adapted from J. Staunstrup (CP Kelko), Citrus Pectin Production and World Market, The 

International Citrus & Beverage Conference, September 17, 2009.



Tens of alternative production methods proposed

� “Numerous alternative 

technologies have been proposed 

for pectin extraction, but none 

have been commercialized”
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Figure adapted and Map reproduced from J. Staunstrup (CP Kelko), Citrus Pectin Production 

and World Market, The International Citrus & Beverage Conference, September 17, 2009.



2019: introduction of Orange IntegroPectin

� In collaboration with Francesco 

Meneguzzo's team at CNR in 

Florence in 2019 we reported 

the first application of 

hydrodynamic cavitation to over 

30 kg of residues from the 

industrial production of orange 

juices using only water (120 L) 

and electricity 

� It was immediately clear that it 

was a different pectin from the 
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was a different pectin from the 

conventional one . 
F. Meneguzzo, R. Ciriminna, et al., “Real-Scale Integral Valorization of Waste Orange Peel via Hydrodynamic

Cavitation”, Processes 7 (2019) 581.



Hydrodynamic cavitation: the enabling technology of 

the bioeconomy

http://hct.fi.ibimet.cnr.it/
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Citrus 

processing 

Hydrodynamic 

cavitation 

extraction

Water

Filtration
IntegroPectinLyophilization

HC applied to Citrus processing waste
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processing 

waste CytroCell



CytroCell, too, is an exceptional biomateral
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Orange IntegroPectin: very low degree of esterification

� Using the Ilharco-Fidalgo

equation ”it was possible to 

determine a rather low degree 

of esterification for this pectin, 

namely 17.05 ±±±± 0.60%”
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F. Meneguzzo, R. Ciriminna, et al., “Real-Scale Integral Valorization of Waste Orange Peel via Hydrodynamic Cavitation”, Processes 7 (2019) 581.



Commercial citrus pectin is highly esterified (> 

65%) 

� Conventional commercial pectin has a 

DE> 50%, costs $ 18-20 / kg, and 

forms hydrogels with an acid pH (<3.5) 

in the presence of a high 

concentration of sugar 

� The pectin industry also markets 

pectin with a low degree of 

esterification (DE <50%). Costs> $ 25 

/ kg and forms gels that contain up to 

70g of water per g in the presence of 

Ca2 + without the need to add sugar 
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Rosaria Ciriminna, Norberto Chavarría-Hernández, Adriana Rodríguez Hernández, Mario 

Pagliaro, "Pectin: A New Perspective from the Biorefinery Standpoint", Biofuels, Bioproducts

& Biorefining 9 (2015) 368–377.

Ca2 + without the need to add sugar 

over a wide range of pH values 



Demand for low methoxyl pectin is growing steadily

� LMP pectin is successfully used 

to give structure (mouthfeel) to 

all sugar-free beverages, 

including sparkling ones

� And as a fat replacer and 

stabilizer in a growing number of 

products, from ice cream to 

baked goods 
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https://www.nutritionaloutlook.com/view/fat-replacer-pectin-still-going-strong



Pectin: “a universal medicine”

� “A number of studies demonstrate 

that pectin polysaccharides are 

physiologically active substances

with immunomodulating properties, 

including anti-inflammatory activity, 

they lower cholesterol and 

triglyceride in the blood serum, 

normalize glucose metabolism, bind 

and remove toxins and radionuclides

from the body, regulate work and 

provide protection of the 

gastrointestinal tract, have 

anticarcinogenic and antimetastatic
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effects”.



A long-neglected antibacterial

� First reported in the late 1930s and 

partly explained in 1970, the 

antibacterial activity of pectin 

remained almost ignored until the late 

1990s

� The concomitant emergence of 

research on natural antibacterials and 

new usages of pectic polysaccharides, 

including those in medicine widely 

researched in Russia, has led to a 

renaissance of research into the 

physiological properties of this 
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physiological properties of this 

uniquely versatile polysaccharide



2017: Citrus pectin obtained via 

microwave hydrodiffusion and gravity
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Lemon IntegroPectin, much more effective and 

efficient antibacterial than commercial pectin 
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Grapefruit IntegroPectin, powerful bactericidal 

vs. Gram-positive and Gram-negative 
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Pseudomonas aeruginosa in the presence of lemon 

and grapefruit IntegroPectin
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Staphylococcus aureus in the presence of lemon 

and grapefruit IntegroPectin
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Lemon IntegroPectin, a powerful antioxidant, 

devoid of cytotoxic activity 

� Il valore di ORAC per la IntegroPectin di 

limone è di 122.200 µmol TE/100 g. 

� Le acque di vegetazione dei frantoi

liofilizzate hanno un valore di ORAC di 

201.100 µmol TE/100 g, mentre il

lampone nero ha un valore di ORAC di 

16210 µmol TE/100 g (su base 

materiale essiccato).
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Domenico Nuzzo, Laura Cristaldi, Marzia Sciortino, Lorenzo Albanese, Antonino Scurria, 

Federica Zabini, Claudia Lino, Mario Pagliaro, Francesco Meneguzzo, Marta Di Carlo, 

Rosaria Ciriminna, “Exceptional antioxidant, non-cytotoxic activity of integral lemon pectin

from hydrodynamic cavitation”, ChemistrySelect 5 (2020) 5066-5071.



Epithelial human lung protective agent
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Domenico Nuzzo, Laura Cristaldi, Marzia Sciortino, Lorenzo Albanese, Antonino Scurria, Federica Zabini, Claudia Lino, Mario Pagliaro, Francesco Meneguzzo, 

Marta Di Carlo, Rosaria Ciriminna, “Exceptional antioxidant, non-cytotoxic activity of integral lemon pectin from hydrodynamic cavitation”, ChemistrySelect 5 

(2020) 5066-5071.



Neuronal cell protective agent
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Grapefruit IntegroPectin, powerful 

antiproliferative agent
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Grapefruit IntegroPectin, powerful 

mitoprotective agent
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Grapefruit IntegroPectin, powerful antioxidant protecting 

neuronal model cells
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Why is IntegroPectin so much more bioactive 

than conventional pectin?
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Grapefruit IntegroPectin � Exactly as it happens with 

grapefruit pectin obtained via 

cavitation driven by 

ultrasounds, the diffraction

peaks characteristic of the 

commercial citrus pectin at 

12.4°°°°, 14.3 °°°°, 21.0 °°°°, 28.9 

°°°°, 31.5°°°°, 32.2°°°° and 40.2°°°°
shift to higher 2θ values, with 

several sharp peaks

disappearing
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Nearly complete decrystallization of homogalacturonan

(HG) chains 

� This indicates that the hydrodynamic

cavitation of grapefruit biowaste induces the 

nearly complete decrystallization of the 

homogalacturonan (HG) chains of the 

grapefruit pectin, following which it

crystallizes in a hexagonal closest packing

arrangement that ensures the closest

packing of the chains (we remind readers

that the diffraction from the HG regions is

the only contributing to the XRD pattern). 

� These findings confirm that cavitation, no 

Gohil, R.M. Synergistic blends of natural polymers, pectin and sodium alginate. J. Appl. Polym. Sci. 

2010, 120, 2324–2336.
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� These findings confirm that cavitation, no 

matter if acoustic or hydrodynamic, destroys

the “fringed-micellar” structure of the 

crystalline regions of the semicrystalline

pectin biopolymer. 

� Along with the substantially higher number of 

RG-I regions and very low DE, this also

explains the significantly larger solubility of 

the IntegroPectin in water at room 

temperature when compared to the poorly

soluble commercial citrus pectin.



Flavonoids adsorbed and concentrated on the surface 
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Antonino Scurria, Marzia Sciortino, Lorenzo Albanese, Domenico Nuzzo, Federica Zabini, Francesco Meneguzzo, Rosa V. Alduina, Alessandro Presentato, Mario 

Pagliaro, Giuseppe Avellone, Rosaria Ciriminna, "Flavonoids in Lemon and Grapefruit IntegroPectin", Preprints (2021). 2021020620



Volatile 

Compounds of 

Lemon and

Grapefruit

IntegroPectin
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Terpenes adsorbed and concentrated on the surface 

(lemon)
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S.-H. Jun, et al.

Polymers 11 (2019) 1044

Antonino Scurria, Marzia Sciortino, Alessandro Presentato, Claudia Lino, Elena Piacenza, Lorenzo Albanese, Federica Zabini, Francesco Meneguzzo, Domenico Nuzzo, Mario 

Pagliaro, Delia Francesca Chillura Martino, Rosa Alduina, Giuseppe Avellone, Rosaria Ciriminna, "Volatile Compounds of Lemon and Grapefruit IntegroPectin", Molecules 26 

(2021) 51.



Terpenes adsorbed and concentrated on the surface 

(grapefruit) 
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S.-H. Jun, et al.

Polymers 11 (2019) 1044

Antonino Scurria, Marzia Sciortino, Alessandro Presentato, Claudia Lino, Elena Piacenza, Lorenzo Albanese, Federica Zabini, Francesco Meneguzzo, Domenico Nuzzo, Mario 

Pagliaro, Delia Francesca Chillura Martino, Rosa Alduina, Giuseppe Avellone, Rosaria Ciriminna, "Volatile Compounds of Lemon and Grapefruit IntegroPectin", Molecules 26 

(2021) 51.



Take home messages

� The application of hydrodynamic 

cavitation to citrus biowaste directly 

on a pre-industrial scale provides a 

pectin with exceptional biological 

properties, already verified in vitro for 

lemon and grapefruit waste, called 

IntegroPectin, using electricity and 

water only

� The biological activity is synergistically 

related to the special structure of the 

new pectin, and to the highly bioactive 

molecules (flavonoids and terpenes) 
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adsorbed and concentrated on the 

surface of the IntegroPectin after 

freeze-drying the aqueous extract 



Thank you!

Rosaria Ciriminna

(Italy)

Laura M. Ilharco

(Portugal)

Alexandra Fidalgo

(Portugal)

Marzia Sciortino

(Italy)
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Warm greetings from Palermo, 

Sicily
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