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SD is development that meets the needs of the present 
without compromising the ability of future generations to 

meet their own needs
United Nations

NEEDS

Sustainable development
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Agro-food industry

50% increase 
in global food 

demand by 
2050

FAO, 2017
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FOOD LOSSES
14%

FAO, 2019

FOOD WASTE
18%

UNEP, 2021

3.3 billion tons of produced food



Health issues

∼ 800 million people are affected by hunger

2 billion people have different nutrient deficiencies 

More than 1.9 billion adults, 18 years and older, are 
overweight. Of these over 650 million are obese

Socioeconomic costs (USD 3.5 trillion per year) 

FAO and WHO, 2019, FAO, 2017



9.7 billion people

Expansion of conventional food 
production lines and infrastructure 

NEEDS IMPACTS



ECONOMIC SOCIAL

ENVIRONMENTAL

Sustainable development

Ren & Toniola, 2020



Sustainable development

Maturity levels and data availability of life cycle approaches (x-axis: progress/development)
Valdivia et al. 2021

LCA
environmental 

impacts associated 
with a product, 

process, or activity

LCC
costs expended from product 
conception and production, 
through its operation, to the 

end of
its useful life

S-LCA
addresses the social 

impacts of
products and services 
along their life cycle
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Sustainable development



Eco-efficiency
1990 – Introduction - Schaltegger & Sturm. Öologische

Rationalität (Environmental rationality).

1992 – Popularization - World
Business Council for Sustainable
Development (WBCSD) at the United
Nations Conference on Environment and
Development (Earth Summit or Rio
Conference).

2012 – Standardization – ISO 14045

unmultimedia.org



Eco-efficiency
I.

Definition of objectives and scope

II.
Assessment of potential 
environmental impacts

III.
Assessment of the value 

associated with the good or 
service

IV.
Quantification of eco-efficiency

V.
Interpretation

ISO  14045-2012



Environmental impact

Life cycle 
assessment

ISO 14040, 14044

equivalent

Energy consumtion, water uptake,  
consumtion of chemicals, etc.

GHG emissions, human health, ecosystem 
quality, etc.
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LIFE CYCLE 
INVENTORY 

ASSESSMENT



Environmental impact
LIFE CYCLE IMPACT 

ASSESSMENT



4.3
kg CO2 eq.

Environemental impact

Agribalyse 3.1



Value assessment

Monetary value (net profit, production 
cost),

Physical value (units or volume of 
production)

Functional value (nutritional quality, health 
benefit effects)

Aesthetic value (product appearance)
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Eco-efficiency

ENVIRONMENTAL IMPACTS
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Loose-loose

Trade-off

Trade-off



Sustainable development

Production
Processing 

and 
Packaging 

Storage and 
Distribution Retail

Food service 
and 

Household 
Consumption
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Technological innovation
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Electrodialysis
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M.Fidaelio et al. (2006), Bazinet et al. (2004)



Electrodialysis

5

Cas- → CasH0

pH 4.66.8

+ H+
Cas- → Cas +GMP+ Enz.



Electrodialysis

5

TECHNOSPHERE
EC

O
SP

HE
RE

RA
W

 M
AT

ER
IA

LS
EM

IS
SI

O
N

S

ACID BASE

EL
EC

TR
O

M
EM

BR
AN

E 
TR

EA
TM

EN
T

CH
EM

IC
AL

TR
EA

TM
EN

T

EDBM

UF

CE
M

BP
M

CE
M

CE
M

AE
M

DEIONIZED WATER

ELECTRICITY

STEAM

SC
EN

AR
IO

 I
SC

EN
AR

IO
 II

CASEINATE

WHEY

DEMINERALIZED WHEY
LACTOSE ENRICHED SOL.

Ca2+/Mg2+ ENRICHED SOL.

FU

CP

CP

Cas- → CasH0
insoluble

+ H+ + OH- → Cas- + H2Osoluble

Laurent Bazinet

Rosie 
Deschênes Gagnon



Electrodialysis
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Eco-efficiency

Caseinate
value

Chemical EDBM-UFemulsion

foam

gel

Deschênes Gagnon et al., 2022

4 X 

More stable
hygroscopicity

1.2 X 

Production 
costs ?



Eco-efficiency

IMAPCTS

VA
LU

E

NaOH

Ca/Mg

NaOH
Lactose

Caseinate

Caseinate Caseinate

WHEY
P – 13
L – 75
M - 8

1100 $US/ton

WPC-34

2700 $US/ton

P – 34
L – 53
M - 7



PULSED ELECTRIC 
FIELD

ACTIVE
SPECIES

FOOD 
MATRIX

INTRACELLULAR 
SPACE

EXTRACELLULAR 
SPACE

ELECTRICAL BREAKDOWN

CELL
MEMBRANE

ELECTROPORATION

IMPACT ON 
MICROORGANISMS

IMPROVEMENT OF 
MASS TRANSFER

•Extraction
•Tissue softening
•Drying
•Freezing

•Cold pasteurization
•Promotion of growth

Pulsed Electric Field



Pulsed Electric Field



IMAPCTS

VA
LU

E

Eco-efficiency

Win-win

Loose-loose

Trade off

Trade off

26 t/h raw material French fries (FF)
7.700 production hours per year

Thermal

PEF -10.906.000 kW/h

-24.000 m3 of 
water

+ 957 t/year
of fries

- 368 t/year
of oil

PEF

Thermal

Less breakage

Smoother cut 
(less feathering)

Reduced oil uptake

Even colour

Longer fries



Influence on the structure 
and properties of food 

constituents
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INACTIVATION OF 
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IMPROVEMENT OF 
MASS TRANSFER

•Extraction
•Tissue softening
•Drying
•Freezing

•Cold pasteurization

PROTEINS

• Functionality improvement
• Reduction of allergenicity
• Improvement of interactions with other 
molecules



ENZYMATIC HYDROLYSIS OF PROTEINS
Market demand for whey protein hydrolysate was 
estimated at more than 302 million USD in 2018

Global Market Insights, Inc.

Infant formula

Sport nutrition

VA
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D

Asveld et al. 2011.



P+

P-
P± P+

P±

P+P-

P±

↑EFFICIENCY

Hernández-Ledesma, 2008

PROTEIN ENZYME

ACCESSIBILITY OF ACTIVE SITES IN THE PROTEIN FOR ENZYMACTIC ACTION…

HIGH VOLTAGE 
ELECTRICAL 

TREATMENTS



Influence on the structure 
and properties of food 

constituents?

PULSED ELECTRIC 
FIELD

ACTIVE
SPECIES

FOOD 
MATRIX

INTRACELLULAR 
SPACE

EXTRACELLULAR 
SPACE

ELECTRICAL BREAKDOWN

CELL
MEMBRANE

ELECTROPORATION

INACTIVATION OF 
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IMPROVEMENT OF 
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•Extraction
•Tissue softening
•Drying
•Freezing

•Cold pasteurization

Eugène Vorobiev Nadia BoussettaNabil Grimi Rock-Seth Agoua



Eco-efficiency assessment of β-lg heated up to 85°C and pretreated
with HVET after chymotrypsinolysis. The value beside each point of
the graph represents the eco-efficiency score

EE = 𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Agoua et al., 2021 

High voltage electrical treatments



High voltage electrical treatments

Agoua et al. Food Bioscience, 2022 

DIFFERENCE OF SELECTIVITY

Identification des peptides

RP-UPLC-MS/MS



Brewer’s spent grain 

Preservation pathways 
Functionality of proteins

Bioactive potential

Samira RousselièreÉmilie Korbel Gaëlle Petit

Jonathan GagnonSylvie Turgeon Eya RouissiRozenn Ravallec

Petit et al., 2021 
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Reduction*Total Profit

Protein content

Foaming Capacity

Emulsifying
Capacity

Landfill Feed Flour Extract Precipitate

3682 %
3416 %

36800 %
32200 %

Gagnon et al., 2025 



Ismail Fliss Laurent Bazinet Zain 
Sanchez Reinoso

Delassa Rahimi Houssine Fliss

Valorization of by-products
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Sustainable development
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Challenges of emergent technologies

Multicriteria aspect of sustainability assessment

Methodological issues of sustainability assessment (e.g. 
lack of uniformity between different available tools, data 
availability and transparency, extrapolation of results 
from lab to industrial scale, geographical location)

Particular challenge is considering social aspects (impacts 
on human capital, human well-being, cultural heritage, 
and social behavior)

Lin et al. 2020 



SUSTAINABLE 
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ecofoodlab.fsaa.ulaval.ca
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