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~ Fraunhofer IVV — Locations Freising and Dresden

Institute Head Fraunhofer IVV: Prof. Dr. Andrea Biittner | Prof. Dr.-Ing. Jens-Peter Majschak

Total budget € 30,4 million Total workforce 305
External contracts € 26,9 million Scientists and graduates 184
Institutional funding € 3,5 million Postgraduate students 41

(Status April 2021)
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Optimization of
processes and processing plants

Consultancy on
hygiene-compliant production

Development of

safely packaged foods
Development of

recyclable packaging

Optimization of
taste, odor, and texture

Sensory optimization
of recyclates
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™ Challenges faced with packaging today — approaches to improve sustainability
of packaging

Less gas barrier - less Influence on Mono material - thicker Functional properties of
shelf life? recyclability? films? plastic changes with
recycling
Competition with : _ .
food? Extended shelf life active
. Up or downcycling?
Mechanical p—
workability? : recyclable
\P biobased —

May disturb recycling

Depending on the country and
the existing recycling system

Invested energy won't be /

reused ; biodegradable intelligent False-negative information -
/ . food waste
Misinterpretation by | - \ : reusable
consumers > wiong | | APDIceble b countes o S —————
i ) alse-positive information
_consume rvbehvav[ou[ recycling system Transport route? Hygiene? I ‘

risk for consumers
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" Challenges faced with packaging today — approaches to improve sustainability
of packaging

2~

. . . 1000 —1
+  Packaging material permeation = Frosh it vegetabes,
requirements for sensitive food, 5 ketch
. . = 1001 tablets o
pharmaceutical and technical = (blister) A
products %E 101 Edible oil ,
« Some demands can be met 5% cor
trough protein based coatings £9 4] meatiMAP
© o UHT milk
E
ri; 0.1 Special food
5 pecial Tood, beer
= insulati ls, P
§ | teiecumes st
# 001 0.1 1 10 100

Water Vapour Transmission Rate [g / (m*-d)] 23°C, 85%—> 0% RH

Source: Langowski, H.-C. (2008): Permeationdurch Lebensmittelverpackungen —Anwendungsbeispiele. Seminar: Permeationdurch Packstoffe, Fraunhofer IVV
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Protein based coatings as possible solution — properties of protein coatings

Engineering

) L o Dunreid
Barrier material as substitute for EVOH based on renewable raw (@WheyLayer Q ngineer

Need materials

SEVENTH FRAMEWORK
"IOGRA e L ",,‘%4
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NUTRARESEARCH S.L. Scovewh
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Use of residual material: e.g. Whey protein

B OTR: Qg = 1-2 [cm3(STP)/(M? d bar)]
Result B Substitution of EVOH by thermoformable Wheyprotein layers
B Competitive to EVOH: 7-10 €/kg for WheylLayer®-formulation

B Sustainable alternative to EVOH

Benefit B Applicable in industrial scale

B Market launch by LAJOVIC TUBAembalaza d.o.o.

Projecttitel: WheyLayer2. Barrier biopolymers for sustainable packaging
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Protein based coatings as possible solution — properties of protein coatings

Typical oxygen barriers of different protein types
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Q100 OTR in [cm?3 (STP)*100
pm/m2+bar+d)] @ 23°C 50% r.h.
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o o
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Projecttitel: BioActiceMaterials

= Fraunhofer
[ATA"

m Faba bean protein

B Whey protein

® Micellar lupin protein
= Potatoe protein

B Rapeseed protein

paper+whey
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Micellar lupin protein in Ecofunco — Properties of micellar lupin protein

* Lupines are mostly used as green manure = protein rich seeds are not valorised to a large extent

* Protein can be extracted by a specific extraction method which includes a combination of salting-in and dilution

precipitation = micellar lupin protein

Alteration in the tertiary structure = hydrophobic groups become exposed

Influence on the protein properties:

Stand der Technik Ziel: Mizellen-Konzept
- Low water solubility Papier bedruckt 60 g/m: _ AUS
Haftvermittler 1 g/m Papier bedruckt
i i i Polyethylen 20 g/m? — izellenprotein- Klebsto MIZe”enk|ebel’ I’OEkt
-> High stickiness R Mizellenprotein- Klebstoff proj
Barriereschicht (EVOH) 3 g/m? Folyethylen Quelle: Fraunhofer IVV
- Fat like structure -
Polyethylen 20 g/m?

- Structure-viscous behaviour

« Combination of two properties (oxygen barrier + adhesive properties) in a single layer = reducing the amount of

material used while improving biodegradability and recyclability
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" Micellar lupin protein in Ecofunco — Properties of micellar lupin protein

Production of micellar protein isolates — scale-up trials

DM [%] | Protein [%]
De-oiled Sunflower 91.6 50.3 Sunflower
Lupin 88.9 40.0
flour
S:LRatio [w/w] |cnac [mol/I] T[°C] t[min.]
NaCl solution ——> Extraction Sunflower 1.9 1 50 60
l Lupin 1:7 0.3 50 60
Centrifugation — > Raffinate Yields and protein contents
Protein
Extract TPY [%] DMY [%] [content [%]
Precipitation Extract:Water Ratio Sunflower 28.6 15.7 100.0 *
Cold water —> i i Sunflower 1:8 Lupin 35.1 13.6 101.8 *
1°C ovelrnlght( 20h) Lupin 1.2 N x6.25
_ . Washin : : . ..
Centrifugation —>Q . ) ° —>| Centrifugation Drying >| Protein isolate
uar .

l

Supernatant

Z Fraunhofer

\"AY)

Only for lupin l

Wash water
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Micellar lupin protein in Ecofunco — Further developments

* Up until now: water based formulation
* Drawbacks:
« When polymer/polymer structures are coated, water can’t evaporate - remaining water
has a negative influence on bond strength and oxygen barrier
- Formulation needs to be adapted without destroying the micelle and therefore changing
the properties

—> Testing different combinations of solvents, tensides and plasticizers were tested

—
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" Micellar lupin protein in Ecofunco — Further developments

Development of a solvent system suitable for micellar proteins

+ Essential for + High vapor pressure + Suspendability improving
protein stability + Non-Toxic and effect on MLP
environmental friendly . .
+ Low flammbality + No impact on micellar
+ Low viscosity structure
Ethanol or ethyl Triethanol amine (TEA) or diethanol
i -+ acetate -+ amine (DEA)
— Low vapor —  Reducing effect on — High viscosity
pressure suspendability of MLP in — low vapor pressure .
water — Can lead to phase separation
— (Can lead to protein
aggregates
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" Micellar lupin protein in Ecofunco — Further developments

Influence of solvent mixtures and plasticizers on Bond strength and oxygen barrier

2,5

=
[ N

Bond strength [N/15mm]
=

o I ]
0 i i —— li

Ref 3 Form3 SOR Form3 OLA2 Ref 5 Form5 SOR Form5 OLA2
Formulation 3 Formulation 5
32,5 % protein

® HDPE to paper ®Biomi to Biomi

Different plasticizers were tested like polyols or oligolactic acid
Plasticizers have a big influence on the performance of the
protein formulation

- Protein structure has to be compatible with the protein
network
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Ref 3 Form3 SOR Form3 OLA2 Ref 5 Form5 SOR Form5 OLA2
Formulation 3 Formulation 5
32,5 % protein

m Biomi to Biomi ®HDPE to paper
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" Micellar lupin protein in Ecofunco — Further developments
Influence of protein concentration on Bond strength and oxygen barrier
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10 % 20% 325% 10% 20% 325% 10% 20% 325% 10 % 20% 325% 10% 20% 325% 10% 20% 325%
protein protein protein = protein protein protein protein protein protein protein protein protein protein protein protein protein protein protein
formulation 1 formulation 3 formulation 5 formulation 1 formulation 3 formulation 5
® HDPE to paper ®Biomi to Biomi ® HDPE to paper ®Biomito Biomi

- OTR and Bond strength improve the higher the protein concentration is
- less moisture has to evaporate when the protein concentration is higher
- Keep protein concentration as high as possible while not exceeding a certain viscosity
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Conclusion

« Protein based coatings can fulfil barrier requirements while being biobased and
biodegradable

« MLP has specific properties because of its structure

* MLP can combine two properties (oxygen barrier + adhesive properties) in a single layer
and therefore reducing the amount of material used

» MLP-Formulation needs to be adapted when a polymer/polymer structure is supposed to
be coated

« Adaptations can have a major influence on the MLP properties and need therefore be done

wisely
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Thank youl!

Paula Goderbauer

Fraunhofer Institute for Process
Engineering and Packaging IVV
Giggenhauser Stral3e 35

85356 Freising

Germany
Paula.goderbauer@ivv.fraunhofer.de
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