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In the course of the 
evolution of life on 
earth, a whole range 
of organisms have 
appeared and, as they 
have developed, have 
become essential to the 
proper functioning of 
ecosystems.

Biomass is all the 
matter produced by living 
organisms: plants, animals, 
fungi and bacteria.

and we humans exploit 
biomass as a natural resource 
(domesticated plants, fuels, etc.) 
for our basic needs.

Intensive exploitation 
of biomass and human 
activity are having 
worrying consequences 
for the environment, 
climate and health.

To develop a sustainable 
society that preserves natural 
resources, we need to make 
transitions in several areas: 
food, agriculture and energy.

To make these transitions a success, 
it is important to understand biomass 
and to be aware of its involvement in 
biology, chemistry and human health.

That’s why a large 
number of researchers 
are working on this 

issue.



The laboratory’s research 
explores biomass, from 

molecules (biopolymers) to 
objects (biobased foods and 

materials).

BIA is a research 
laboratory of the 
French National 
Research Institute for 
Agriculture, Food and 
the Environment (INRAE).

Biopolymers interact with each 
other. These interactions depend 
on the molecular properties 
of the biopolymers, but also 
on physico-chemical conditions 
(such as pH, temperature, 
presence of ions,…).

This results in different 
supramolecular organizations 
or assemblies such as fibers, 

micelles, aggregates or vesicles 
... all elements that make up 

plant organs!

I think it’s 
a bit hot.

To begin with, what is a 
biopolymer? ‘Bio’ means 

derived from living 
organisms, and a polymer is 
a large chain of molecules! 

there are several types of 
biopolymers :

Polysaccharides :
flexible strings of 
pearls that can be 
wound up like a ball 
of wool.

Proteins :
chains that fold 
in on themselves 
to form dense 
helices, sheets 
or balls.

Polyphenols :
molecules 
containing several 
aromatic molecules 
that cling to other 
biopolymers.

Lipids :
hydrophobic molecules 
that can take a wide 
variety of forms.

Lignins :
specific to 
plants, these 
hydrophobic 
polymers 
impregnate the 
polysaccharides 
of plant walls.

Each elementary 
element in the 

chain is called a 
monomer.



This team takes a 
close interest in 
plant biomass, a new 
alternative resource 
to fossil fuels.

The team focuses on 
the plant cell wall, a 
protective shield, and 
the biopolymers that 
make it up.

Biomass, rich in 
plant cell wall, is 
valorized for 
various uses :

The team’s aim is to optimize the 
quality and use of plant products. To 
achieve this, it is important to know 
and control the composition of 
the cell wall.

The cell wall is a rigid, dynamic 
structure that evolves throughout 
the plant’s life cycle.

It is made up of different 
types of biopolymers :

The assembly of these polymers 
defines the plant’s properties, 
such as its ability to trap 
water or ensure adhesion 
between cells.

For example, in food products, the cell wall 
affects the texture of the fruit and its 

post-harvest preservation.

For materials derived from renewable 
plant sources, such as flax or 
hemp fibers, the cell wall provides 
mechanical stiffness.

By valorizing 
biomass, we are 
implementing :

In this way, we’re building a 
zero-waste, low-environmental-
impact approach.

Moreover, PVPP’s 
activities are focused on 
the reuse of plant waste 
from agriculture, known as 
“by-products”, to manufacture 
biosourced materials.

The aim is therefore 
to control the wall 
structure for the 
producer and the 

consumer.

Depending on the 
assembly, the 

product will have 
a different quality.

food
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Polyphenols, reactivity, processes

This research team 
focuses on polyphenols, 
particularly during food 
processing.

Polyphenols are plant 
compounds with complex 
structures. They can be 
detected using state-of-
the-art tools.

In this way, they contribute to plant health, 
as well as to human health through food.

PRP is interested in apple 
polyphenols because they are 
involved in the color and taste 
of fruit, juices and ciders.

Polyphenol-rich varieties 
of cider apples are more 
resistant to disease. 
There’s less need to treat.

So I put the 
sprayer away!

PRP studies biochemical reactions during food 
processing: polyphenol structures are modified 
and acquire coloring properties, for example.

Mainly located in a cellular zone called 
the vacuole, polyphenols protect plants 
against bioaggressors thanks to 
their antimicrobial and antioxidant 
activities.

The PRP team is also working 
to enhance the value of plant 
by-products (apple pomace) by 
measuring their ability to 
trap oxygen.

They could be used as natural 
antioxidants to replace 
chemical preservatives in 
foods.

Some polyphenols are 
tannins: in other words, they 
have the ability to interact 
with proteins. These 
interactions contribute 
to astringency, but also 
to digestibility and the 
reduction of food allergies.

This includes their 
color, taste, but also 
... their nutritional 

values.

Polyphenols play a 
major role in the 
quality of food 

products.

PRP aims to understand polyphenol 
modifications and their contribution 
to quality during food and beverage 
production.



As part of its research into 
healthier, more sustainable 
food, this team uses different 
ingredients and explores how 
they can be assembled to form 
technologically advance foods 
of high nutritional value.

The aim is to also replace 
some ingredients of animal 
origin, or artificial 
additives, by plant-based 
alternatives.

For example, the ISD team 
is very interested in plant 
proteins.

In food, lipids are dispersed 
in an aqueous medium, 
forming an emulsion (two 
immiscible liquids, like oil 
in water).

The area of contact 
between the two media 
is the interface, where 
proteins can be located.

In ISD’s research, 
emulsions and gels 
are constructed and 
characterized throughout 
their life cycle.

In vitro systems 
are used to mimic 
the various steps 
of digestion and 
understand how 
food structure and 
nutrient release 
evolve.

Nutrient release is 
ensured by digestive 
enzymes.

By mastering these aspects, we can 
improve the nutritional properties of 
foods. For example, we can incorporate 
“better” lipids, such as omega 3.

Many questions remain, 
however, such as the 
impact on health, with the 
risk of allergenicity, or 
the digestive disorders 
associated with proteins.

An in vitro 
digester 
is used to 
understand 
the phenomena 
occurring 
during 
digestion.

By using different 
types of protein, 
we can modulate 
the composition 
of the interface 
and the structure 
of the food.

This interface is 
very important for 
the physicochemical 
properties of the 
systems!

The ISD team practically 
cooks! In particular, it 
studies proteins and 

lipids, their interactions 
and the structures they 

form together ...

... and finally, 
what happens 

to them during 
digestion.

Interfaces & 
Dispersed Systems



A team dedicated to 
understanding the 
development of food allergies 
and establishing strategies 
to prevent them. Allergy is 
a public health problem in 
industrialized countries.

The World Health Organization 
estimates that by 2050, 50% of 
the population will be allergic.

Allergic reactions can be recognized by the 
following symptoms :

eczemahives

rhinitis

swelling

asthma

abdominal 
pain

digestive 
disorders

In addition, with the 
increasing use of 
plant proteins, we’re 
noticing the emergence 
of “new allergens”.

We also use food as a 
preventive strategy, for 
example, by changing our 
diet to make it healthier 
and more sustainable.

Probiotics hydrolyze (cut) allergenic 
proteins. They will thus be less 
recognized by the immune system.

The growth of 
these probiotics 
is stimulated by 
“prebiotics”, a food 
for bacteria.

In food, protein also interacts 
with lipids, fibers, sugars 
and additives, and we are also 
taking a close interest in these 
structures.

The team’s motto : 
“understand, prevent, 

predict”.

A clinical 
study, still 
in progress, 
is evaluating 
the prevention 
of childhood 
allergy during 
pregnancy.

A woman is given 
prebiotic nutritional 
supplements during 
pregnancy, which 

modify her 
microbiota that 
she will pass on 
to her child.

or by bacterial fermentation 
of plant proteins.

EBy fermenting, we add bacteria, 
potential “probiotics”: living 
micro-organisms conferring a 
beneficial effect on health.

The increase in 
allergies is linked to 
a number of factors :

health factors = 
dysfunction of the 
immune system, 
microbiota, etc.

the presence of pollutants, 
antibiotics or ultra-

processed foods.

environmental 
factors =

The reaction is triggered by sequences of amino 
acids found in proteins. Antibodies register 
these sequences and deliver the information to 
immune cells, which release chemical molecules 
(histamines) responsible for the symptoms.

As the saying 
goes, “prevention 
is better than 

cure”.



This team is interested in 
the composition of plant 
organs and, in particular, the 
architecture of plant skin : 
the cuticle.

The cuticle is the 
interface between 
the plant and its 
environment.

It fulfils multiple 
functions that are crucial 
for the plant: resistance 
to water loss, UV rays, 
pathogens...

cuticular wax 
crystals

cuticle epidermal 

cell

cell wall, rich in 

polysaccharides

cuticular 
wax film

cutin

cuticular layer

... but also for fruit quality 
and processing, for example.

The ELIPS team is also 
looking to add value to 
agricultural co-products 
containing cuticles, such 
as spent grains from the 
industrial processing of 
fruit (tomatoes, apples, 
etc.).

First, we isolate 
the cuticles to 
extract their 
molecules : this 
is biorefining.

These molecules can then be valorized. One area of research 
is to find an alternative to plastic films derived from 
petroleum chemistry.

Depending on the 
purification of 

extracts, we can obtain 
rubber-like polymers 

or shape memory 
materials.

The team is also involved in the search for 
alternatives to pesticides. Cutin releases signal 
molecules that defend plants against disease. A 
sustainable crop protection strategy.

The cuticle is a 
hydrophobic (water-
repellent) composite of 
lipids, polysaccharides 
and phenolic compounds.

Lipidoprotein and Protein-
Saccharide Edifices



The team is interested in plant 
biopolymers, more specifically the 
different forms of cellulose, the 
most abundant polymer in biomass 
and the main constituent of plant 
cell walls.

The NANO team’s equipment 
enables observation at the 
nanometer scale, i.e. one 
billionth of a meter.

Cellulose fiber is composed 
of amorphous and crystalline 
parts.

Only the 
crystalline 
part is 
preserved. These 
crystalline rods 
have optical 
properties.

Cellulose rods have the 
property of self-organizing, 
as in the plant cell wall.

For other uses, nanocellulose fibers coat the surface of 
an oil droplet, helping to stabilize water-oil interfaces 
(used in paints and cosmetics). This valorization of biomass is a path 

towards a bio-economy, taking into 
account the sustainability of resources, 
human and environmental safety, and the 
life cycle of the material.

The team uses 
this property 
to reproduce the 
structure found 
in the plant cell 
wall. The fibers are 
concentrated in a 
droplet to test the 
activity of various 
enzymes.

The principle is to master 
the assembly of these 
biopolymers to design 

innovative and sustainable 
biobased materials.

The team is therefore 
proposing alternative 
solutions to petro-based 
materials (plastics), 
developed using low-energy, 
low-environmental-impact 
processes.

Nanostructured 
assemblies



The team focuses on 
starch, proteins and their 
transformation processes.

MC2’s core activity focuses on 
low-hydration solids for bio-
based materials and foods.

3D printing is used in the 
pharmaceutical sector, for the 
manufacture of tablets.

These tablets are made from corn 
proteins, mixed with an active 

ingredient and other compounds.

The effect of the material is 
assessed on the basis of its 
architecture and mechanical 

properties.

The applications targeted are 
personalized drugs, with a 
different structure and porosity, 
since they are not all digested in 
the same way.

The extrusion process 
is also a method for 
obtaining bio-sourced 
materials.

Starch is added, and 
a moving screw melts 
the material.

The result is 
a foam-like 
material used in 
experiments.

Using an experimental bakery, MC2 
analyzes the bread-making process 
according to nutritional and 
sensory criteria.

The aim is to understand the bread 
properties acquired during the 
bread-making process as a function 
of various parameters (water, 
wheat variety, etc.).

In this way, MC2 offers 
guidelines for the development 
of agri-food sectors.

We then evaluate the 
degradation of this 
material with the 
presence of enzymes 
that transform the 
starch into glucose.

This glucose feeds 
the stem cells that 
repair bone.

Starch can 
therefore be 
used in the 
health sector.

Materials, Creation 
and Behavior.



Bioressources: Imaging, 
Biochemistry & Structure

This team is renowned for its 
expertise and state-of-the-art 
equipment. It is also a “platform” 
team, working with a broad 
scientific community (BIA unit, 
academic and private sector 
partners).

BIBS is at a central 
position in the 

organization of the BIA unit, 
as it works with all the 

other teams.

BIBS focuses on agricultural bioresources 
and their processed derivatives, such as food 
and biomaterials.

Observe and localize structures 
and compounds of interest by 
imaging at tissue, cellular and 
molecular scales.

Study the fine structure 
of biopolymers (proteins 
and polysaccharides).

Identify and quantify 
biopolymers, study their 

interactions and the 
mobility of water 

in the matrix.

BIBS also develops tools for 
managing and processing 
scientific data.

These include image and data 
analysis to provide new keys 
to interpretation in relation 
to scientific questions.

The studies carried out at BIBS involve 
several steps :

Analyze large collections of samples 
according to their biopolymer 
composition and structure.



This is a group that facilitates the day-to-day 
life of BIA’s research teams.

This support is essential to the daily lives of 
our scientists and technicians.

Within cell log, there are 
also local IT specialists 
who supervise the computer 
equipment and provide support 
to staff.

They also ensure compliance with 
the IT policy and take action against 
malicious acts.

The budget department 
manages financial resources, 
enabling scientists to carry 
out their research.

After all, you need 
the means to finance 

equipment, products and 
tools.

CELL LOG is in charge of the 
administrative and logistical 
management… 

… for staff recruitment, agent travel, 
organization of conferences and 
seminars.

In addition to the 
scientists’ work in the labs, 
there’s a whole management 

and logistics side to 
the equation, and that’s 

something that doesn’t get 
mentioned very often!

cellule logistique



The role of science is to produce 
knowledge to bring progress to 
society. BIA, through a better 

understanding of plant biomass, 
contributes to food and ecological 

transitions!



This work was produced with the help of all BIA laboratory staff, in 
particular team leaders and the management board.

Thank you all for your availability and valuable discussion.




