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Consumer trends in the food industry
1. Natural & unprocessed
2. Nutritional balance & specific health
benefits
3. Reduced ecological impact and fair
trade
4. Convenience and new consumption
occasions
5. Affordability

Palzer, ICEF 12 conference 2015

Presence and content of health
promoting compounds
- by nature
- fortification /enrichment
- formulation

Phenolic
compounds

Phenolic compounds
•

Bioactive compounds naturally occurring in plants as secondary
metabolites with peculiar sensory and health properties.

•

Different classes (number and arrangement of the phenol rings): phenolic
acids, phenolic alcohols, flavonoids, stilbenes, lignans,...

•

Phenolic acids and flavonoids represent 30% and 60% respectively, of
total dietary polyphenol intake.

Phenolic compounds in foods

Antioxidant
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Quality and
Sensory
properties
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Technological
functionality

Phenolics and technological functionality?
1. Phenolic compounds have an amphiphilic structureà
surface/interfacial properties
1. Phenolic compounds can interact with proteins and affect
protein functionality

Emulsions?

Gels?

Emulsions
An emulsion is an etherophasic system where two immiscible liquid phases
(usually oil and water) coexist with one phase dispersed as small spherical
droplets in the other phase.
Characteristics:
üHigh surface area
üThermodynamically unstable
üParticle diameter (0.1-100µm)
üOptically opaque
üLow emulsifier-to-oil ratio (less than 1:10)

McClements &Weiss, 2008

Oil-in-water (O/W):
milk, infant formula, salad dressing,
mayonnaises,
sauces,
soups,
beverages, meat products, cream
liqueurs,
whippable toppings, ice cream mixes,…

Water-in-oil (W/O):
butter, margarines, fat-based
spreads, …
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Multiple emulsions: W1/O/W2 or O1/W/O2

Water-in-oil-in-water (W/O/W) double emulsions consist of small water
droplets contained within larger oil droplets that are dispersed in an aqueous
continuous phase. W/O/W emulsions can also be more clearly defined as W1/
O/W2 emulsions, where W1 is the inner water phase while W2 is the outer
water phase.

Physical instability: mechanisms
Because of the molecular incompatibility of each phase, emulsions tend to
undergo phase separation to minimize the contact area between the phases,
which results in a change in the free energy of the system (DG, J) equal to
DG = γ DA,

Chemical stability of a dispersion
Dispersed lipid phases are usually more susceptible to auto-oxidation than
bulk oils due to the increase in interfacial area.

Interfacial engineering:

*

§Composition
§Thickness
§Rheological properties
§Charge
§…

*Waraho, McClements & Decker, 2011

addition of antioxidant compounds…however in complex systems
such as emulsions location is as important as reactivity!

Gels
Gels are materials that are intermediate between a solid and a liquid and have
properties in between a solid and a liquid state
A number of food items exist in the form of gels, like jams, jellies, confectionary,
desserts, yogurt, etc., which are composed of biopolymers as the main structure
forming ingredient. The commonly used biopolymers are polysaccharides and proteins
that confer semisolid characteristics in a range of food products. These biopolymerbased gels are networks of different shapes such as blocks, particles, or fibers, …
Formation (physically induced):
1. Heat
2. Pressure

Formation (chemically induced):
1. Acid
2. Ionic
3. Enzymatic

Protein gel - Eggs
when temperature increases they unfold
they form crosslinks
àresults in a gel
Protein is folded

The strength of the gel depends on the temperature

Network à Gel

Gels: possible structures

Aggregation of spherical particles

Gels with crystalline junctions
(physical)

Framework of rod-shaped particles

Gels with covalent junctions
(chemical)

Phenolics and technological functionality?
Amphiphilic structure & colloidal systems: some examples
Flavonoids as stabilizers of oil-in-water (o/w) or water-in-oil (w/o) emulsions by their
adsorption as water-insoluble particles to the surface of the oil droplets, i.e.,
Pickering emulsions (Zembyla et al., 2019)

Phenolics and technological functionality ?
Amphiphilic structure & colloidal systems: some examples
Development of zein-polyphenol covalent complex (zein-EGCG
conjugate) with higher thermal stability and stronger antioxidant activity
(Liu et al., 2017).

Phenolics and technological functionality?
Amphiphilic structure & colloidal systems: some examples
Effect of phenolic compounds on dough properties, bread quality, pasting
properties, … (Xu et al., 2019)
à
Effect
of
phenolic
compounds
on
pasting profiles of
wheat starch

Phenolics and technological functionality?
Amphiphilic structure & colloidal systems: some examples

Objectives and research approach @UniTE

complexity

Systems under investigation: some case studies
o/w emulsions

gels

Case study 1: o/w emulsions
stabilised with egg yolk (EY) and
added with a phenolic extract
(PE) from olives (surface and
emulsifying properties).

Case study 1: effect of minor
compounds on the physical and
structural properties of EVOO
based oleogels (structural and
mechanical properties).

Case study 2: ‘real’ mayonnaise
samples formulated with both
EVOOs and purified olive oils
enriched with PE or pure
oleuropein
(emulsifying,
structural and flow properties).

Case study 2: effect of olive
phenolics on the sol-gel transition
of EY proteins and on the
mechanical properties of the gels
(rheological measurement) .

Emulsified systems: case study 1
model system with olive phenolics
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Surface properties of EY and PE
AIM: to study the effect of olive phenolic
compounds on o/w
Both EY and PE were surface active.
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emulsions
stabilised with EY
Surface tension decreases as far as
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Emulsified systems: case study 1
model system with olive phenolics
Dynamic interfacial tension (o/w) of EY&oleuropein + dilatational interfacial rheology

EY layer
Oleuropein
addition

In collaboration with: Dr Liggieri, Santini & Ravera from IENI-ICMATE Genova

Emulsified systems: case study 1
model system with olive phenolics
Model system composition:

EY=10 mg/ml

Phenolic compounds (MIX): Phenolic olive Extract (PE)
Emulsifying agent: Egg yolk
Lipid phase: refined olive oil (20%)

Volume density (%)

[PE] improves dispersion degree
and protein coverage of
dispersed oil droplets

PE(ppm)

D[4;3] (µm)

Γ (mg/m2)

0

1,85 ± 0,07b

4,63 ± 1,51

100

2,54 ± 0,03a

5,17 ± 1,02

200

2,05 ± 0,06a

5,12 ± 0,32

300

1,58 ± 0,08c

6,01 ± 0,77

400

1,71 ± 0,08b

6,83 ± 0,86

500

1,57 ± 0,03c

6,25 ± 2,00

600

1,30 ± 0,12d

6,43 ± 0,00
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Emulsified systems: case study 2
Real-like systems with olive phenolics
AIM: to study the effect of olive phenolic compounds on
‘mayonnaise-like’ emulsion systems

3,5% Egg Yolk

Polyphenols
(total content and
pattern)
Free fatty acids
Peroxides value
Tensiometry
Emulsifying
capacity

HP-EVOO: high
1% salt and 0,5% sugar polyphenols
80% oil EVOO
LP-EVOO: low
polyphenols EVOO
PO: purified oil (Paradiso et
al., 2010)
3,5% Acetic Acid (10%)
PO-OL: purified oil
7,5% water
enriched with Oleuropein
SO: sunflower oil
PO+
PE 0,1%
: purified
-droplet
size
distribution
oil -texture
and phenolic
extract
analysis
PO -microstructure
+ PE 0,2%: purified
oil and phenolic extract

Mayonnaise’s formulation process following Guilmeneau et al., 2007

Emulsified systems: case study 2
Real-like systems with olive phenolics

A: SO
B: LP-EVOO
C: HP-EVOO

D: PO
E: PO 0,1% PE
F: PO 0,2% PE
G: PO-pure oleuropein

Giacintucci et al., Food Chemistry 213 (2016) 369–377

G

Emulsified systems: case study 2
Real-like systems with olive phenolics
Flow curves fitted to the Herschel-Bulkley equation
.n

t= to + k g
τy

K

n

(Pa)

(Pa sn )

SO

296.18±28.88a

49.43±1.05a

0.80±0.01a

PO

263.48±44.54a

46.84±0.70a

0.87±0.13ab

PO-0.1PE

295.70±15.82a

6.03±1.24d

0.77±0.09b

PO-0.2PE

151.39±22.56b

9.16±0.10d

0.58±0.16c

PO-OL

64.97±6.44c

36.20± 2.77b

0.77± 0.04ab

LP-EVOO

61.95±22.96c

21.84±7.31c

0.75±0.08ab

HP-EVOO

7.00±2.80d

16.03±8.13cd

0.64±0.03b

Emulsified systems: case study 2
Real-like systems with olive phenolics
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Optical micrographs of the mayonnaises produced with ϕ 0.6 at t1. LP-EVOO (A),
HP-EVOO (B), SO (C), PO (D), RO (E), RO-0.1PE (F), RO-0.2PE (G).

D- Effect of minor compounds on the structural properties of EVOO based oleogel

Gelled system: case study 1
Extra virgin olive oil based oleogels

AIM: Study the effect of minor compounds on the physical and structural
properties of EVOO based oleogel structured using ethylcellullose (EC) as
organogelator

In collaboration with Prof. Alejandro Marangoni, University of Guelph, Canada

Gelled system: case study 1
Extra virgin olive oil based oleogels

Why the need of structuring vegetable oils?
•
•
•

Reduction of total fat (and
energy content)
Reduction of saturated &
hydrogenated fats
Modification of fatty acid
profiles

Technological
strategies by
processing and
formulation

VEGETABLE OILS & STRUCTURING
Frequently consumed foods such as meat products have been
reformulated by using structured oils.
Colmenero et al., 2015

Zetzl et al., 2012

Gelled system: case study 1
Extra virgin olive oil based oleogels
Main technological issue: lack of structure

OLEOGELS: an organic liquid entrapped within a thermo-reversible,
three-dimensional gel network (Stortz et al., 2012).

D- Effect of minor compounds on the structural properties of EVOO based oleogel

Gelled system: case study 1
Extra virgin olive oil based oleogels

Ethylcellulose (EC) is a linear polysaccharide derived from
cellulose, unsoluble in water and in edible oils; it is capable of
forming a gel when the solution is heated above the melting
temperature (140°C). Upon cooling, the EC forms a network
stabilized by physical interactions.

D- Effect of minor compounds on the structural properties of EVOO based oleogel

Gelled system: case study 1
Extra virgin olive oil based oleogels

STEP I
Purification process

STEP II
Chemical characterization
of the oil portions

EVOO
DEGUMMING
NEUTRALIZATION

•
•
•
•
•

Peroxide Value
P-Anisidine
Free fatty acids
Total polyphenols
Total
polar
compounds

STEP III
Oleogels production &
mechanical and structural
characterization
•
•
•

Atomic Force
Microscope
Back Extrusion
Two Plates Compression

BLEACHING

Degumming: removes most of phospatides, free fatty acids
Neutralisation: reduces the amount of free fatty acids, polyphenols, mucilagenous
substances and impurities
Bleaching: removes mostly pigments and colour compounds, removes also part of
the oxidation products.

D- Effect of minor compounds on the structural properties of EVOO based oleogel

Gelled system: case study 1
Extra virgin olive oil based oleogels

Oil’s chemical characterization

Gelled system: case study 1
D- Effect of minor compounds on the structural properties of EVOO based oleogel
Extra virgin olie oil based oleogels
Fresh oils

Degummed oils

Neutralized oils

-phospholipids
-traces of metal ions
-mucilagenoeus
materials

-polyphenols
-free fatty acids
-impurities

Bleached oils

-polyphenols
-free fatty acids
-impurities

Giacintucci et al., Food Hydrocolloids 84 (2018) 508–514

Gelled system: case study 1
D- Effect of minor compounds on the structural properties of EVOO based oleogel
Extra virgin olie oil based oleogels

Gelled system: case study 1
D- Effect of minor compounds on the structural properties of EVOO based oleogel
Extra virgin olie oil based oleogels

Gelled system: case study 1
D- Effect of minor compounds on the structural properties of EVOO based oleogel
Extra virgin olie oil based oleogels
Multiple partial least regression: chemical parameters of the olive oils and
microstructure & mechanical properties of oleogel.

The morphological structure of EC oleogel was significantly affected by phenolic
components originally present in olive oil. More specifically, they lead to an
increase in the pore diameter, roundness and circularity and decreased the gels
mechanical resistance during compression

Gelled system: case study 2
D- Effect of minor compounds on the structural properties of EVOO based ol
oleogel
Effect of olive phenolics on egg yolk gelation
AIM–To study the effect of olive polyphenols on:
üthe gelation properties of whole egg yolk at different pHs (2, 4.5
and 6.4)
üthe mechanical properties of the gels produced.

oleuropein

Gelled system: case study 2
D- Effect of minor compounds on the structural properties of EVOO based ol
oleogel
Effect of olive phenolics on egg yolk gelation

Gelled system: case study 2
D- Effect of minor compounds on the structural properties of EVOO based ol
oleogel
Effect of olive phenolics on egg yolk gelation

extrapolation
Sample

G’-G’’ crossover

Gel point (°C) Gel point (°C) Gel point (°C) Gel point (°C)
pH 6.4

pH 4.5

pH 6.4

pH 4.5

84.51 ± 0.70a

74.32 ± 0.12d

82.35 ± 0.44b

72.55 ± 0.07g

EY-O250

84.18 ± 0.08a 74.10 ± 0.29de 82.20 ± 0.42b

72.52 ± 0.06g

EY-O500

84.40 ± 0.21a 73.73 ± 0.23ef 81.80 ± 0.14bc 72.55 ± 0.03gh

EY-O1000

83.93 ± 0.11a

EY-C

73.34 ± 0.30f

81.04 ± 0.30c

70.43 ± 0.06h

Gelled system: case study 2
D- Effect of minor compounds on the structural properties of EVOO based ol
oleogel
Effect of olive phenolics on egg yolk gelation
A and Z values of the systems analyzed by frequency sweep test
G* = Aω1/Z

• Z = COORDINATION NUMBER
• A = PROPORTIONAL COEFFICIENT

(Gabriele et al., 2001 )

A
pH 2

pH 4.5

pH 6.4

EY-C

2660 ± 103a

4923 ± 64c

2429 ± 218a

EY-O250

2727 ± 154a

5612 ± 65a

2360 ± 41a

EY-O500

2843 ± 50a

5583 ± 120a

2297 ± 37a

EY-O1000

2646 ± 130a

5329 ± 142b

2562 ± 234a

z
EY-C

30.29 ± 2.03ab

16.49 ± 0.04a

20.71 ± 0.70a

EY-O250

30.01 ± 2.97ab

16.12 ± 0.10b

20.43 ± 0.37ab

EY-O500

33.23 ± 1.38a

16.32 ± 0.06a

21.35 ± 0.07a

EY-O1000

28.05 ± 0.79b

16.15 ± 0.11b

20.06 ± 0.36b

Gelled system: case study 2
D- Effect of minor compounds on the structural properties of EVOO based ol
oleogel
Effect of olive phenolics on egg yolk gelation
Stress relaxation curves of egg yolk gels at different pH values and
added with oleuropein (1000 ppm).

Gelled system: case study 2
D- Effect of minor compounds on the structural properties of EVOO based ol
oleogel
Effect of olive phenolics on egg yolk gelation

Gelled system: case study 2
D- Effect of minor compounds on the structural properties of EVOO based ol
oleogel
Effect of olive phenolics on egg yolk gelation
The addition of oleuropein to EY gels resulted in:
a shift of the gel point towards lower temperatures
Improvement of the network strength at pH 4.5, whilst no
significant modifications were caused in the EY gel at pH 2 and 6.4.
Such results were successively confirmed by the stress relaxation
results where it was shown that firmer gels were obtained at pH 4.5
after oleuropein enrichment.
Oleuropein can thus affect egg yolk proteins behavior during
gelation and modify the mechanical properties of the gels produced,
even though this effect is influenced by the pH.
Di Mattia et al, Food Hydrocolloids 84 (2018) 435–440

Ongoing research

D- Effect of minor compounds on the structural properties of EVOO based ol
oleogel

Ph.D. student: Federica Flamminii

Conclusions
Olive phenolic compounds may play an
important
«technological
functionality»
(positive/negative) with a potential impact on
foods and formulated food products
Further investigations are needed to both molecular and model
level to understand specific interactions, phenomena and
processes that may affect the macroscopic behaviour and quality
properties of real food systems and phenolics bioactivity
Other factors: Process and environmental conditions

Thank you for your attention! J

