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Chapter 1:

➢ How can all parts of the alfalfa plat be better valorized?

➢ What are the useful material properties of the alfalfa stems?

Alfalfa structure and chemical composition depend on the

position of the sample on the stem.

Top of the stem: ➙ Adapted for feed.

- more concentrated in proteins,

- Better adsorption properties.

Bottom of the stem: ➙ Adapted for material production.

- Harder tissues,

- More concentrated in lignin, cellulose and hemicellulose.

Chapter 2:

Protein extraction
How can proteins be extracted

from alfalfa stems?

What are the optimal conditions

for efficient protein extraction?

Chapter 3: 

Material processing
To which properties of the stem

can we take advantage of to

create materials?

How to better valorize alfalfa as

a bio-based material?
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Turgidity:10cm

Top: 25cm

Middle: 40cm

Bottom: 60cm

Adsorption 

curve from 

0%RH to 90%RH.

Desorption curve 

from 90%RH to 

0%RH.
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Alfalfa sorption curve depending on the sample position on the stem
Alfalfa stem morphology 

with nanotomography

Alfalfa stem chemical composition
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CONCLUSIONS AND PERSPECTIVES

➢ Forage crop with high-quality proteins1

➢ Valorization of  a local resource

Low-input cultivation :

➢ Biodiversity preservation

➢ Soil and water quality 

Legume with deep root network:

➢ Nitrogen and carbon soil storage

Bio-based material production:

➢Carbon footprint reduction

➢Good insulation properties

➢Biodegradability and waste reduction

Sustainable 

biocomposite

CONTEXT & OBJECTIVES

Proposition: Alfalfa stem 

fractioning and specific valorization 

of  some parts as material

METHODOLOGY
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Equipment DVS 
(Dynamic vapor sorption)

Equipment Nanotomography
and Apotom microscopy

Method: NREL analytical 
procedures

▪ Chemical composition

▪ Water sorption behavior

▪ Morphology 

CONTACT: sarah.orbach@centralesupelec.fr

METHODOLOGY

Lignocellulosic parts contribution

Nutritive parts contribution

Nanotomography images

HPLC analysis:
Sugars = cellulose & 

hemicellulose

Spectrophotometer UV-
Visible:

Acid Soluble Lignin

Acid Insoluble 
Lignin

Dry matter & 
Ashes

Protein content
Kjeldahl 

Acid hydrolysis

Ethanol 
extraction

Grind
[177µm; 841µm]

Sorption isotherms

Top of the stem
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Adsorption 
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0%RH to 90%RH.

Chemical composition

C
o

n
te

n
t 

(%
D

M
)

References

CONCLUSIONS

Fresh alfalfa stem properties across stem positions for bio-based material 
applications

Chemical composition 

Standards

Dynamic Vapor Sorption 

(DVS)
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3,2

10,0
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30,0

33,6
241022 #37 [modified by HPLC] B2 RI_1
µRIU

min

1 - 10,268

2 - Glucose - 10,772

3 - Xylose - 11,574

4 - Arabinose - 12,780
5 - Acide Formique - 16,716

6 - Acide Acétique - 18,461
7 - 19,328 8 - acide levulinique - 20,666
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HPLC analysis:
Sugars = cellulose & hemicellulose

Spectrophotometer UV-Visible:
Acid Soluble Lignin

Acid Insoluble Lignin

Dry matter & Ashes

Protein content
Kjeldahl 

Acid hydrolysis

Ethanol extraction

Grind
[177µm; 841µm]

Simulate tissues 

composition and 

sorption behaviors

Captors

Sample

X-ray emitter

Nanotomography
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Alfalfa stem study across position:

→  Chemical composition,

→ Morphology,

→ Vapor Sorption. Data analysis and model

Alfalfa fibers composition and 

sorption behavior:

→ Application in biobased 

material production.

Desorption curves

from 90%RH to 

0%RH.
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