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Twin-screw extrusion is an original solution for the biorefinery of sunflower whole plant
according to an aqueous extraction process. In best operating conditions, oil yield is 57% and
residual oil content in the cake meal is 14%. Oil is extracted in the form of two oil-in-water
emulsions stabilized by phospholipids and proteins at interface.

The cake meal would be suitable for use in animal feeds and for energy production in pellets
burning furnaces. As a mixture of fibers and proteins, it is also considered as a natural
composite. It can be processed into biodegradable agromaterials by thermo-pressing.

During molding, part of residual oil is expressed (until 41% of oil from whole plant), leading
to the increase of the total oil extraction yield (aqueous extraction in twin-screw extruder and
expression during thermo-pressing): until 81% of oil from whole plant.

Panels have promising mechanical properties in bending (until 12MPa for stress at break).
They are usable as inter-layer sheets for pallets, for their sound and heat insulation properties
or for the manufacturing of containers by assembly of panels. Their hydrophobic character
(8% for residual oil content in the panels) makes them resistant to water.

* Corresponding author. Tel.: + 33 (0)5 62 44 60 80; fax: + 33 (0)5 62 44 60 82.
E-mail address: Philippe.Evon@ensiacet.fr (Ph. Evon).
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AQUEOUS EXTRACTION OF SUNFLOWER OIL

B Agqueous extraction of sunflower oil is an environment-friendly
alternative to the solvent oil extraction [1,2].

B It enables the simultaneous production of an oil-in-water
emulsion (hydrophobic phase) and a protein isolate (hydro-
philic phase) in the same process.

B It can be conducted
in a twin-screw extruder
starting from :

e ... the seeds [3].

e ... the press cake [4].

e ... the whole plant [5].

ienceDirect

Latechnolagie d'exirusion bi vis une solution originale of performante
pour e bicraffinage du taurnesol plante entien:

[3] o [5]

[1] Rosenthal, A., Pyle, D.L. and Niranjan, K., Aqueous and enzymatic processes for edible oil extraction. Enzyme and Microbial Technology,
19 (6), 402-420 (1996).

[2] Evon, Ph., Vandenbossche, V., Pontalier, P.Y. and Rigal, L., Aqueous extraction of oil from sunflower seeds in batch reactor: reorganiza-
tion of the mixing in three formulated fractions. 98t AOCS Annual Meeting & Expo, AOCS, Québec City, QC, Canada (2007).

[3] Evon, Ph., Vandenbossche, V., Pontalier, P.Y. and Rigal, L., Direct extraction of oil from sunflower seeds by twin-screw extruder accor-
ding to an aqueous extraction process: feasibility study and influence of operating conditions. Industrial Crops and Products, 26 (3), 351-359
(2007).

[4] Evon, Ph., Vandenbossche, V., Pontalier, P.Y. and Rigal, L., Aqueous extraction of residual oil from sunflower press cake using a twin-
screw extruder: feasibility study. Industrial Crops and Products, 29 (2-3), 455-465 (2009).

[5] Evon, Ph., Vandenbossche, V., Pontalier, P.Y. and Rigal, L., The twin-screw extrusion technology, an original and powerful solution for
the biorefinery of sunflower whole plant. Oléagineux, Corps gras & Lipides, 17 (6), 404-417 (2010).

'D LCQ wwa chimieagroindustrielle, fr

%, LABCRENTIRE DE CHRRE
AGR INOISTRIELLE

Slide 2 to 24




RESULTS OF THE THERMO-MECHANICAL

FRACTIONATION OF SUNFLOWER WHOLE PLANT [1]

B Experiments were conducted with a Clextral BC 45 (France)
co-penetrating and co-rotating twin-screw extruder (80°C for the
barrel temperature).

B Oleic sunflower whole plant (15 mm homo-
genate) (La Toulousaine de Céréales, France):

- 8.2% of moisture content.

- 26.8% dry matter of oil content.

- 10.7% dry matter of protein content.

- 40.9% dry matter of fibres content (cellulose,
Helianthus hemicelluloses, and lignins).

annuus L. - 33.1% dry matter for cellulose, and lignins.
- 7.0% dry matter of pectin content.

B Co-extraction of oil, proteins, and pectins is effective with
water starting from whole plant.

Slide 3 to 24




RESULTS OF THE THERMO-MECHANICAL

FRACTIONATION OF SUNFLOWER WHOLE PLANT [2]

m After feeding, three essential unit operations are carried out in
a single step:

Sunflower
whole plant (5.8 kg/h)

j l H B = B
A A A
s N\ aYd N
Feeding Condi_tio[\ing & Liquid/s_olid Liquid/s_olid » Raffinate (10.8 kg/h)
grinding extraction separation
141 1 I_r
- S5 =34 rpm T 1
- SME = 97.5 W.h/kg Water (20.5 kg/h) Extract (15.5 kg/h)
r
® Wringing out the mixing is favoured Hgher hydrophobic
because of the natural abundance of fi- y
Hydrophilic phase

bres in the sunflower stalk (until 80%). Lower hydrophobic

B An extract (filtrate) and a raffinate  Phase |
(cake meal) are produced continuously. Density
'E LCQ R T Ss, screw rotation speed; SME, specific mechanical energy.
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APPLICATIONS OF THE LIQUID PHASES

FOR INDUSTRIAL PRODUCTS

M The process is an original and powerful solution for the fractio-
nation of the sunflower whole plant : biorefinery concept.

B The extracted fractions (oil-in-water emulsions, and hydrophi-
lic phase) may have applications as bases for industrial products:

Bio-
lubricants

Transport
of active
principles

Energy
production

Hydrophi-
lic surfaces
treatment

Human
food
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DESCRIPTION OF THE CAKE MEAL

B In best operating conditions, residual oil
content in the cake meal is 14% dry matter.

B The cake meal is first dried (105°C, 24 h)
to make easier its conservation (< 5% for
moisture content after drying).

B It is a mixture of lignocellulosic fibres and
proteins (globulins) with thermoplastic
properties.

Cake meal

B It would be suitable for:
e ... use in animal feeds.
e ... energy production in pellets burning furnaces.
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THE CAKE MEAL, A NATURAL COMPOSITE

B As a mixture of fibres and proteins, the cake meal is also
considered as a natural composite.

B Because of its thermo-mechanical behaviour, thermo-pressing
is @ promising molding operation for the manufacturing of rene-
wable and biodegradable agromaterials [5,6].

Latechnolagie d'exirusion bi vis une solution originale of performante
pour e bicraffinage du taurnesol plante entien:

[5]
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(6]

[5] Evon, Ph., Vandenbossche, V., Pontalier, P.Y. and Rigal, L., The twin-screw extrusion technology, an original and powerful solution for
the biorefinery of sunflower whole plant. Oléagineux, Corps gras & Lipides, 17 (6), 404-417 (2010).

[6] Evon, Ph., Vandenbossche, V., Pontalier, P.Y. and Rigal, L., Thermo-mechanical behaviour of the raffinate resulting from the aqueous ex-
traction of sunflower whole plant in twin-screw extruder: manufacturing of biodegradable agromaterials by thermopressing. Advanced Materials

Research, 112, 63-72 (2010).
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THERMO-MECHANICAL TRANSFORMATION
OF THE CAKE MEAL DURING MOLDING

B The simultaneous effect of pressure and temperature results in
the glass transition of proteins.

B The reorganization of their structure allows the mechanical
aspect of the agromaterial; it gives to the agromaterial its co-
hesion, and its flexibility.

B The fibres entanglement also acts like reinforcement.
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CHEMICAL COMPOSITION OF THE CAKE MEAL

M Four different cakes were chosen, corresponding to different
levels of aqueous extraction efficiency in twin-screw extruder.

m R ,, oil extraction yield in twin-screw extruder (%), based on
the residual oil content in the cake meal (L-;) (% dry matter).

®m In best operating conditions, oil yield is 60% (57% after foot
removal in the filtrate) and residual oil content in the cake meal
is 14% dry matter.

Ri1 (%)

80

70 -
60 -
50 -
40 |
30 1
20 1
10 -

0

T T T
16 17 18

Lci (%0 DM) Rp1 (%)
14.3 £ 0.1 60.2
16.1 + 0.0 53.0
16.7 £ 0.1 50.0
20.4 £ 0.1 40.0

M 6.8-8.7% DM of protein
content.

m 40-46% DM of fibres con-
tent (cellulose and lignins).

DM, dry matter.
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THERMO-PRESSING OF THE CAKE MEAL

B Heated hydraulic press used for thermo-
pressing:

e Model: MAPA 50 (PEI, France).

e Force: 500 kN (50 tonnes).

e Maximum pressure: 297 bars.

B Thermo-pressing conditions:
e Mass of the cake meal: 125 g.
e Temperature of the two plates: 200°C.
e Pressure applied: 240 kgf/cm?2 during 3 min.

B Panels produced: 150 mm x 150 mm.

®m Conditioning of specimens :
in a climatic chamber (60% MAPA 50 heated hydraulic press

RH, 25°C) during three we- (laboratory equipment)
eks before bending tests.
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INFLUENCE OF AQUEOUS EXTRACTION EFFICIENCY ON ME-

CHANICAL PROPERTIES IN BENDING OF THE AGROMATERIAL

B Agromaterials have promising mechanical properties in ben-
ding (standard NF EN 310): until 12 MPa for stress at break.

25

n
o

M Best stress at break (12 MPa)
is obtained with the less dehulled
cake meal, due to a most impor-
tant content of proteins inside it
(10% DM after oil expression).

N
o
I
T
N

k=) ; [=}
Elastic modulus (GPa)

-
(S
I

-
o
I
T
N

Flexural strength at
break (MPa)

[¢)]

o
o

0

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0,0
" B [t is the most rigid agromate-
o Flexural strength at break m Elastic modulus rlal (2 GPa for elaStiC mOdUIUS)-

Lc, (% dry matter) 14.3+0.1 16.1+0.0 16.7+0.1 20.4+ 0.1

F (N) 37.5+2.1 42.0+3.2 37.7+3.2 47.9+2.6
o, (MPa) 9.4+0.7 85+0.8 9.3+0.7 12.2+0.2
E, (GPa) 1.5+0.0 1.6+0.1 1.9+0.2 2.1+0.1

. F, breaking load (30 mm for specimen width & 100 mm for grip separa-
o Lca T tion); o, flexural strength at break; E, elastic modulus.
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FORMULAS FOR OIL YIELDS CALCULATION

B R ,, oil expression yield during molding (in proportion to the
oil that the cake meal contains) (%).

B R ', oil expression yield during molding (in proportion to the
oil that the sunflower whole plant contains) (%).

B R ., total oil yield (oil extracted in twin-screw extruder, and
oil expressed during molding) (%).

RL2'= Ri2 x LY = 2ua Rt = Ru1 + R2'=Ru1 + [RLZ X

100

100 - Ru:
100

\4

100 - Rv.2
+ RL2
100 )

Rt = (Ru X
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INFLUENCE OF AQUEOUS EXTRACTION

EFFICIENCY ON TOTAL OIL YIELD [1]

B During molding, until 67% of residual oil from cake meal is
expressed (i.e. until 40% of oil from whole plant).

B Lowest residual oil content in the agromaterial (8% dry mat-
ter) is obtained with the less dehulled cake meal.

Lc2 (% dry matter)

12

N
N
I

-
o
!

©
!

o
!

~

80
+ 70

2 i expression - 60
ie

tion to the (- 50

| e

ontains) || 40
a

ide the| | 30
ia

+ 20

+ 10

0

Rz (%)

13 14 15 16 17 18 19 20 21 22
Lc1 (% dry matter)

L., (% dry matter)

14.3+£0.1 16.1 £ 0.0 16.7 £ 0.1 20.4 + 0.1

vLca

%, LABCRENTIRE DE CHRRE
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L., (% dry matter)
R,, (%)

10.9+£0.0 8.9+ 0.0 8.8+ 0.0 8.1+0.0
29.9 52.4 55.5 67.3

wwa chimieagroindustrielle, fr
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INFLUENCE OF AQUEOUS EXTRACTION

EFFICIENCY ON TOTAL OIL YIELD [2]

B QOil expression during molding leads to the increase of the
total oil yield (R ;): aqueous extraction in twin-screw extruder
(R_ 1), and expression during thermo-pressing (R;,’).

m Until 80% of oil from whole plant for R (case of the less de-
hulled cake meal that gives also the most resistant agromate-

rial).
100
otal oil yie ’

80 (°?L;;t'2;x€:§:g? ';d Le, (% dry Ry, R, Ry
- il exprels:ed ;'l’uring matter) (0/0) (0/0) (o/o)
NS molding
< 60 27, oil exprossion |
g 14.3+0.1 60.2 11.9 72.1
S a0 o ™
6 sunflower whole

20 plant contains) 16.1 i 0.0 53.0 24_6 77.6

0

13 1‘4 1‘5 1‘6 1‘7 1‘8 1‘9 2‘0 2‘1 2‘2 23 16'7 i 0'1 50'0 27'8 77'8
o dry maten 20.4+0.1 40.0 40.4 80.4

—e— Oil extraction yield —=— Oil expression yield —a— Total oil yield

vLca

wwa chimieagroindustrielle, fr
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INFLUENCE OF THE AGROMATERIAL CONDITIONING

ON ITS MECHANICAL PROPERTIES IN BENDING [1]

B Thermo-pressing conditions:

o Cake meal used for study: cake number 4 (i.e. the less dehulled).

e Mass of the cake meal: 125 g.

e Temperature of the two plates: 200°C. Glass transition of

e Pressure applied: 240 kgf/cm? during 4 min. sunflower proteins

®m Panel produced: 150 mm x 150 mm. temperature

B Conditioning (25°C) during
three weeks in five different
atmospheres:

e 5.0% RH.

e 32.5% RH.

e 52.5% RH.

e 60.0% RH.

e 75.0% RH.

® Changes in water uptake.

(globulins) at room

Water uptake (% dry matter)

20

16

12

0 _

(ii) Formation of a hydration multi-layer. |

(i) Hydration of the most polar functions. /

< Bound . ¢ Free N
water

oo o1 02 03 04 05 06 07 08 09 10

Water activity (aw)

—o— Experimental —#— Dynamic Vapor Sorption (DVS) measurement
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INFLUENCE OF THE AGROMATERIAL CONDITIONING

ON ITS MECHANICAL PROPERTIES IN BENDING [ 2]

® Mechanical properties in bending of the agromaterial are de-
creasing drastically when conditioning is realized at 75.0% RH,
due to water that acts as a plasticizer for globulins [7,8].

[7] Rouilly, A., Orliac, O., Silvestre, F. and Rigal, L., DSC study on the

14 3,5

[o.6% mosture| [3.2% motsture| [5.0% mosture] ’ thermal properties of sunflower proteins according to their water content. Po-
| - e | lymer, 42 (26), 10111-10117 (2001).

-] 2 30 s [8] Rouilly, A., Orliac, O., Silvestre, F. and Rigal, L., Thermal denatura-
£ 10 15 tion of sunflower globulins in low moisture conditions. Thermochimica Acta,
- % 398 (1-2), 195-201 (2003).
[ <} H
£ 6 +1s2| M Stress at break is only 7 MPa at
e 8 1.5 .
3 ¢ g 75.0% RH instead of 11-12 MPa
w

N
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

o

&)}

for the other conditionings.

0 T T T T T T T T T 0,0
U Y e ® Same tendency is also observed
‘+ Flexural strength at break (MPa) -8 Elastic modulus (GPa) ‘ W i th t h e e I a Sti C m Od u I u S .

Conditioning 5.0% RH 32.5% RH 52.5% RH 60.0% RH 75.0% RH

F (N) 39.5+3.8 443+0.8 46.2+1.3 44.1+2.4 27.6+0.3
o; (MPa) 11.4+06 11.7+0.1 12.0+0.5 11.9+0.2 6.9%0.0
E; (GPa) 2.0+0.3 2.0+£0.1 2.1+0.1 1.9+0.1 1.0+ 0.1

. F, breaking load (30 mm for specimen width & 100 mm for grip separa-
iﬂ LCQ tion),; o, flexural strength at break; E, elastic modulus.
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CONCLUSION [1]

B Twin-screw extrusion technology is an original solution for
the biorefinery of sunflower whole plant.

B Such process is a first step for the manufacturing of agro-
materials.

B As a mixture of fibres and proteins, the cake meal generated
can be considered as a natural composite.

M It can be processed into biodegradable agromaterials by
thermo-pressing.

® During molding, part of residual oil is expressed, leading to
the increase of the total oil yield: until 80% of oil from whole
plant (corresponding also to the most resistant agromaterial).

B The hydrophobic character of the agromaterials (at least 8%
dry matter for residual oil content inside them) makes them
resistant to water.

%, LABCRENTIRE DE CHRRE
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CONCLUSION [2]

B Agromaterials have promising mechanical properties in ben-
ding compared with those of other industrial (Isorel®, laminated
board...) and experimental (vegetable fiberboards...) materials:

e Until 12.2 MPa for stress at break.

e Until 2.1 GPa for elastic modulus.

e 1.03 for the corresponding density.

® The manufacturing of agromaterials (i) with
higher dimensions and (ii) with same mecha-
nical properties in bending is still possible
with an industrial heated hydraulic press:

e Model: MAPA 400 (PEI, France).
e Force: 4000 kN (400 tonnes).
e Maximum pressure: 270 bars.

. Pan_els produced: MAPA 400 heated hydraulic
until 800 mm x 800 mm. press (industrial equipment)

| INRA ENSIACET | Slide 23 to 24



POTENTIAL USES OF THE

BIODEGRADABLE AGROMATERIALS

B Panels:
e Inter-layer sheets for pallets in handling and storage industry.

e Sound and heat insulation panels (between 90 and 140 mW/m K for
thermal conductivity at 25°C) in building trade...

m Conic bowls for the feeding of pets (cats, dogs).

m Containers (assembly of panels):
e Composters.
e Crates for vegetable gardening...

(i) Panel (ii) Conic bowl (iii) Composter
(thermo-pressing) (thermo-molding) (assembly of panels)
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