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Relevance

« Grass occupies about 69% of world's agricultural
dlreéa (Dengler et al., 2022)

« Valuable, nutritious and provides ecosystem
benefits;

. Middle
 carbon sequestration s _
* improved soil structure

. . . . Primary
* improved biodiversity. CellWall <

 reduced erosion

* Humid climatic conditions of temperate regions s
favour grass production et

. . Solubl
* Prospect for alternative protein sources and other

end products through green biorefinery (argensen et
al, 2022)

o

Luke oNATURAL RESOURCES INSTITUTE FINLAND

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



The Green biorefinery concept
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Challenges

« Highly perishable (fresh grass, biorefinery fractions).
* Poor hygienic quality.

* Availability is seasonal.

Solutions (Preservation/Pretreatment)?
« Ensiling

* Freezing

* Drying and rehydrating

» Organic acid application
o
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How?

« Second cut grass
o Tlmothy (Phleum pratense) + MeadOW fescue (Festuca pratensis)
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Fresh grass Frfhz:Vr\lleadnd Ensiled Dried and
h rehydrated
as sue (90 days) Y

(-20°C)

Control without additive

FPA: Formic and propionic acid - 5 I/t
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(40 °C)

Control: without additive



Separation techniques
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Laboratory scale twin screw press (&,@E@g@@

Photo: ©Luke / T. Stefanski

Laborato scale pneuma
(LabPress)

Photo: ©Luke / M. Franco
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Farm scale
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Chemical composition of fresh and ensiled biomass
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Liquid yield (g/g) using LabPress
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Biomass type X FPA < 0.001

0.2 4

01 - I

0
Control Control Control Control FPA
Fresh Frozen Dry Ensiled

O

LLIkE © NATURAL RESOURCES INSTITUTE FINLAND 30.11.2023 8



04 ~

0.3 -+
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CP retained in liquid (g/g) using LabPress

_

Biomass type < 0.001
FPA < 0.828
Biomass type X FPA < 0.001

Control Control Control Control

Fresh Frozen Dry Ensiled
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Liquid yield (g/g) using LabScrew

Biomass type < 0.001
FPA < 0.045
Biomass type X FPA < 0.001

0.66
0.64 0.66 | | |

Control FPA Control Control Control

Fresh Frozen Dry Ensiled
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CP retained in liquid (g/g) using LabScrew

Biomass type < 0.001
FPA < 0.001

Biomass type X FPA < 0.001

0.38

\ 0.24

| | I

Control FPA Control FPA ‘

Fresh Frozen
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Control Control

Dry Ensiled

True protein preserved in
biomass.
Low Soluble N concentration

in FPA-treated silage.
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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.
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The effects of grass biomass preservation methods, organic acid treatment | %&
and press type on the separation efficiency in the green biorefinery

Nisola Ayanfe , Marcia Franco, Tomasz Stefanski, Nora Pap, Marketta Rinne

Natural Resowrces Instifute Finland (Luke), FI-31600 Jokioinen, Finland

ARTICLE INFO ABSTRACT
Keywords: Processing green biomass into novel products provides opportunities to improve the sustainability of the bio-
Pretreatment

economy. The objective of this study was to evaluate the effects of biomass types (fresh, frozen-and-thawed,
dried-and-rehydrated and ensiled grass) as well as formic and propionie acid-based additive on the efficiency
of liguid-solid separation and crude protein (CP) yield. Three different pressing methods for liquid-selid sepa-

Press juice
Biomass convcrslon

Extracti

A:dii;':u:n ration were used. All preservation metheds improved biorefinery efficiency compared to fresh grass, and the
Fractionation effect of additive was more profound on the fresh biomass than other materials. However, due to lower CP
Serew press concentration in the liquid, presumably caused by lower nitregen selubility, the ameount of CP retained in the

liquid was not improved in response to the additive reamment. The type of processing technology plays a key role
in the extraction of relevant compounds from biomass. With less efficient separation methods, the effects of
pretreatments were more pronounced.



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

XIX International Silage Conference 2023

CO-ORGANIZERS

Inte

=] -Platmén Omm b ORGANIZERS
B o Silver Sponsors
=
i .Y N a
Iy M-P
‘w oy \w Y &ﬁi ﬁﬂy‘ % '/ h e SN ’V ; Qf\3 *‘ % ' i
i‘" 4 / 4 ‘,0 . 2 - a./» 3 ¥a ®7 nﬁ v ¢ 3 A'v-\ \ ﬂ A ( -5
} «‘u« e T OV S S W P
- \ ? - Y 1 ; -y .

‘g,_'/: s - {\ N-“ﬁ'g \ L <

ﬁa‘i
1;
?
y
%;

- W ©
-

£

w?
A

>

e

a

» <

s

l

8 — 12 August, 2023 - Beijing, China

9 ‘ C‘ Suomen Nurmiyhdistys ry

Luke oNATURAL RESOURCES INSTITUTE FINLAND




Participants and Program

« 270 participants from 16 countries
* 4000 online attendees

* Presentation on major subjects

7/ \"The ﬁ International Silage Conference

CO-ORGANIZERS ORGANIZERS

Advances in silage research [ oo

Silage utilization and animal production

Silage technology and management

Biochemistry and microbiology
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Grass for biorefinery - Effects of

pretreatments and additives on liquid yield
and composition

Nisola Ayanfe, Tomasz Stefariski, Marcia Franco, Marketta Rinne
Natural Resources Institute Finland (Luke), FI-31600 Jokicinen, Finland. nisola.avanfe@luke.fi
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+ Use of grass is limited to inant: ¥ * Ensiled biomass was well fermenied with pH < 4
due to capture of soluble nutrients Aims and additive treatment improved fermentation
in fibre matrix of plant cells. + To compare liquid and quality.

+ Concept of green biorefinery utilizes protein yields from = Ensiling resulted in highest liguid yield and
green biomass as raw material to ensiling, drying and crude protein recovery in the liquid.
generaie valuable products and rehydrating as well as
other side streams. freezing and thawing to « Pretreatment  Table 1. Chemical composition of frech

the use of fresh grass. effect was more 2nd ensiled grass biomass
% u <+ To evaluate the effect of pronounced [Ei R e ]
plamace arganic acid-based when a less T . ::m :
P ,ﬂ.n additive on separation efficient press o e
efficiency. (LPP) was used. o o = = =
ﬂ Wator solublo w o am s
— O cxbohpirato:
@man bicrsfinsry l &3
Liquid fraction s

Figura 1. The Green bicrefinery concapt
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Figure 4. Effects of grass biemass types (Fresh; Frozen; Drizd and rehydrated (Dry);

Prefreatment is needed to ensure continuous

availability of biomass and stability of biorefinery e
products

= First regrowth grass harvested on Sth September

2021. ensiled) and fermic/propionic acid-based additive (FPA) on liquid yield and crude
- Mixture of Timothy (Phleum pratense) and  Protein (CP) retained in liquid using lab-scale pneumatic press {LPP) and lab-scale
meadow fescue (Festuca pratensis) sward. (T BN I (L)
« Treatments: 4 biomass types, formic/propionic or . as
acid (FPA) application, 3 replicates. oo
us s
= e I e T
pretreatment of grass and o3 [0
organic acid-based additive ¥
(FP&) o . nes I 20n am
Assuch .mc 0 days 0T N - - - | |
[ rn - o - e

Comtrcd fwtthout ackdtive] & ot [wihout

Fomio/Propicnic ack-based addiive "
{FPAyaLE lan Wi s

Figure 5. Effects of press types (LPP, LTS and F55) and additive

treatment (Control vs FPA) on liquid yield and crude protsin

(CP) retgined in liquid as a proportion of original fresh biomass

All pretreatments (freezing, drying and
ensiling) improved protein extraction
compared to fresh grass. Organic acid-based
- 8 . - additive increased liquid yield but decreased
Figure 2. Biomass types pressed using =) Lsboratory scale preumatic press [LP9), b

Laboratory scale twin screw press (LT3), <) Farm scale single screw press (FS5) Lol protein solubility. Q
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Biorefinery presentations
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Plate 2
Press =™ Double
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: ' I I } I ‘ | Interaction: the difference

was greater when
Fresh F Frozen C Frozen F Dry Ensiled C  Ensiled inefficient plate press was

Materja|

(P captyeq i figuig ggof

used compared to an
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Networking and Delicious Chinese cuisine!
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i sc 2025 About- Program- Location- Sponsorship - Communications- Become a Sponsor »

1ISC 2025

XX INTERNATIONAL
SILAGE CONFERENCE

July 21-24, 2025 Gainesville, FL USA

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

Nisola Ayanfe
nisola.ayanfe@luke.fi

2 +358 504734178
I Nisola Ayanfe
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