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Relevance

• Grass occupies about 69% of world’s agricultural
area (Dengler et al., 2022) 

• Valuable, nutritious and provides ecosystem
benefits;

• carbon sequestration

• improved soil structure

• improved biodiversity. 

• reduced erosion

• Humid climatic conditions of temperate regions
favour grass production

• Prospect for alternative protein sources and other
end products through green biorefinery (Jørgensen et 

al., 2022) 

https://en.wikipedia.org/wiki/Xylan



The Green biorefinery concept



Challenges

• Highly perishable (fresh grass, biorefinery fractions).

• Poor hygienic quality.

• Availability is seasonal.

Solutions (Preservation/Pretreatment)?

• Ensiling

• Freezing

• Drying and rehydrating

➢ Organic acid application



How?

• Second cut grass
• Timothy (Phleum pratense) + Meadow fescue (Festuca pratensis)

FR

Fresh grass 
as such

FZ

Frozen and 
thawed

(- 20 °C)

DR

Dried and 
rehydrated

(40 °C)

EN

Ensiled

(90 days)

Control without additive

FPA: Formic and propionic acid – 5 l/t Control: without additive

Biomass types
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Laboratory scale twin screw press

Farm scale single screw press

Laboratory scale pneumatic press

Lab scale

Farm scale

Photo: ©Luke / M. Franco

Separation techniques
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730.11.2023

Grass treatment Fresh Ensiled

Use of additive Control Control FPA

Dry matter (DM), g kg-1 218 208 208

Crude protein, g kg-1 DM 123 122 123

pH 6.14 3.87 3.96

Buffering capacity, g lactic acid 100 g-1

DM
2.97

Ammonia N, g kg-1 N 66.2 31.8

Soluble N, g kg-1 N 232 588 449

In DM, g kg-1

Water soluble carbohydrates 125 38 106

Lactic acid 96 57

Acetic acid 26.2 17.5

Proponic acid 0.33 0.05

Butyric acid 0.05 0.05

Chemical composition of fresh and ensiled biomass
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(g/g) using LabPress

30.11.2023

Biomass type < 0.001

FPA < 0.005

Biomass type × FPA < 0.001

0.13

0.35

0.41
0.42 0.42

0.52
0.53

0

0.1

0.2

0.3

0.4

0.5

0.6

Control FPA Control FPA Control Control FPA

Fresh Frozen Dry Ensiled



9

retained in liquid (g/g) using LabPress

30.11.2023
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Biomass type < 0.001

FPA < 0.828

Biomass type × FPA < 0.001
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(g/g) using LabScrew

30.11.2023

Biomass type < 0.001

FPA < 0.045

Biomass type × FPA < 0.001
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retained in liquid (g/g) using LabScrew

30.11.2023

Biomass type < 0.001

FPA < 0.001

Biomass type ×FPA < 0.001
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• True protein preserved in 

biomass.

• Low Soluble N concentration

in FPA-treated silage. 



Summary

• Organic acid-based additive positively influenced chemical

composition of the ensiled biomass.

• All pretreatments increased liquid yield through cell rupture and 

resulted in improved protein extraction compared to fresh grass.

• The effect of pretreatment was more pronounced in the press with

lower efficiency.

• Organic acid-based additive increased liquid yield but decreased

protein solubility.



https://doi.org/10.1016/j.biteb.2023.101356

https://doi.org/10.1016/j.biteb.2023.101356


XIX International Silage Conference 2023

8 – 12 August, 2023 – Beijing, China 



Participants and Program

• 270 participants from 16 countries

• 4000 online attendees

• Presentation on major subjects

• Advances in silage research

• Silage utilization and animal production

• Silage technology and management

• Biochemistry and microbiology





Biorefinery presentations



Networking and Delicious Chinese cuisine!



Conference Tours

Cattle farm



Conference Tours

Commercial Silage

company (mostly

alfalfa)



Natural wetland



https://conference.ifas.ufl.edu/silage/

https://conference.ifas.ufl.edu/silage/


Kiitos!

Nisola Ayanfe 

nisola.ayanfe@luke.fi

+358 504734178

Nisola Ayanfe

mailto:nisola.ayanfe@luke.fi
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