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Content

Registration
Opening & VIP introduce
Opening Remark

Welcome Remark
Congratulatory Remark

Minister’s Commendation

[Keynote Speech]
Success Factors for Product and Process
Innovations in the Food Sector

[Quality and Safety - Part 1]
Decontamination methods for food /
food packaging and aseptic filling validation

Chinese Cuisine

[Functional Foods - Part 1]

Development of healthy and convenient food products
with innovative technological processes, optimized for
maximal taste

[Food Packaging - Part 1]
Food content materials(FCM) — chemical migration,
compliance and safety assessment

Coffee Break

[Quality and Safety - Part 2]
Quality enhancement and shelf-life prolongation of food

[Functional Foods - Part 2]
Tailor-made functional ingredients for foods — extraction,
fractionation and modification

[Food Packaging - Part 2]
Enhanced product protection — active packaging
functions for improved product protection

Closing
Tailored technical consulting with participants
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B Introduce A Lecture

Theme 1

Curriculum
Vitae

Additional
Functions

Dr. Horst-Christian Langowski

Lecture KeyNote Speech

Area Overall Food [Packaging]

Success Factors for Product and Process Innovations in the Food Sector

1973 - 1980
Studies of Physics at the University of Hannover, Germany

1981 - 1991
Development engineer and project manager in the sector of
optical data storage (CD, CD-ROM, CD-R) for a company of the Philips Group

1985 — 1989
Parallel: Doctoral Thesis at the University of Hannover, Germany
Degree: Dr. rer. nat.

1991
Scientist at the Fraunhofer-Institute for Process Engineering and Packaging IVV, Freising

1992
Head of Department at the Fraunhofer-Institute for Process Engineering and Packaging IVV, Freising

2003
Professor at the TU Munich, Chair of Food Packaging Technology

2004
Acting Director of the Fraunhofer-Institute for Process Engineering and Packaging IVV, Freising

2006
Study Dean of the school of Brewing and Food Technology

2007
Director of the Fraunhofer-Institute for Process Engineering and Packaging IVV, Freising

Executive Committee of the European Metallizers Association
Board member of the Bavarian State Brewery Weihenstephan
Member of the advisory committee Extrusion Technology
within the VDI, group plastics technology
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B Introduce A Lecture

Theme 1

Theme 2

Curriculum
Vitae

Carolin Hauser, Dr. rer. nat.

Lecture Technology Lecture

& Area Food Quality and Safety

Quality enhancement and shelf-life prolongation of food

- physical quality: e.g. edible coating, technologies for chocolate

- chemical quality: e.g. oxidation, light influence

- microbiological: e.g. natural antimicrobials, antimicrobial packaging

Decontamination methods for food/food Packaging and aseptic filling validation
- Food: e.g. pulsed light, high frequency heating

- Packaging: e.g. plasma, H202

- Aseptic filling validation

Personal data:
Place of birth: 04.08.1982 in Nuremberg, Germany
Scientific career
01/2008 — 12/2012 Fraunhofer Institute for Process Engineering and Packaging (IVV), Freising,
Henriette-Schmidt-Burkhardt Chair of Food Chemistry, Friedrich- Alexander-University
Erlangen-Nuremberg Erlangen, Germany PhD (grade: magna cum laude)
Topic: Antimicrobial active packaging films on sorbic acid basic and its application
on food12/2006 — 11/2007 Bavarian State Office for Health and Food Safety, Erlangen,
Germany Practical training Second State Examination for Food Chemists (grade: good)
10/2002 — 10/2006 Friedrich- Alexander-University Erlangen-Nuremberg Erlangen, Germany
Course of studies ,,Food Chemistry* Institute for Pharmacy and Food Chemistry
First State Examination for Food Chemists (grade: very good)
09/1993 — 07/2002 Heinrich-Schliemann Secondary School, Fiirth, Germany Advanced course:
latin, biology
Present and recent positions
10/2015 - 03/2016 TU Dresden, Chair of Processing Machines and Processing Technology,
Dresden, Germany Eleonore-Trefftz Visiting Professor “Influence of cleaning processes
on the removal of biofilms”
01/2014 — 05/2014 Departamento de Ciencia y Tecnologia de los Alimentos, Laboratorio
de Envases LABEN-Chile, Universidad de Santiago de Chile Postdoc-Position ,,
Supercritical CO2 Impregnation of packaging materials*
since 01/2008 Fraunhofer Institute for Process Engineering and Packaging IVV, Freising, Germany
Scientist, Retention of Food Quality Department
07/2011 — 12/2011 Technical University Munich TU Miinchen, Chair of Food Packaging Technology,
Freising-Weihenstephan, Germany
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B Introduce A Lecture

Curriculum  Scientist, Project leader and performance,,Antimicrobial packaging lids for dairy products*
Vitae 09/2010 — 01/2011 Technical University Munich TU Miinchen, Chair of Food Packaging Technology,
and Freising Weihenstephan, Germany Scientist, Project leader and performance
07/2009 — 12/2009 Quality maintenance of cheese surfaces with optimized transparent packaging®
Internships/Secondary employment
12/2006 — 05/2007 Bavarian State Office for Health and Food Safety, Erlangen, Germany
05/2006 — 06/2006 Henkel KGaA, Diisseldorf, Germany Research Internship, R&D
Ingredients Technology
02/2005 Bavarian national office for health and food security, Erlangen, Germany International Experience
03/2012 — 07/2012 Departamento de Ciencia y Tecnologia de los Alimentos, Laboratoria de Envases
LABEN-Chile, Universidad de Santiago de Chile Santiago, Chile
Research Grant of ,,Bayerische Forschungsstiftung“Antimicrobial extracts of chilean plants
and their incorporation in active packaging®
01/2014 — 05/2014 Departamento de Ciencia y Tecnologia de los Alimentos, Laboratorio
de Envases LABEN-Chile, Universidad de Santiago de Chile
Postdoc-Position ,,Supercritical CO2 Impregnation of packaging materials“Grants

2014 Grant for the establishment of international relations DFG, Deutsche Forschungsgemeinschaft

2013 Selection for Fraunhofer TALENTA program Fraunhofer Gesellschaft

2013 Invitation for the workshop “Scientific Communications” from Klaus-Tschira Foundation

2012 Research Grant for a research stay in Chile from Bayerische Forschungsstiftung

2012 Financial grant by ,,Gesellschaft Deutscher Chemiker e.V.* (German Chemical Society)
for advanced training ,,Certified Projectmanager Business and Chemistry GDCh*

2012 Nominated for ,,Julius Maggi Research Award 2012* by Section on Food of the European
Federation of Chemical Engineering (EFCE) and European Federation of Food Science and
Technology (EFFoST)

2010—-2011 Selected for ,,Fraunhofer-Mentoring-Program
Board activities
since 07/14  Equal Opportunities Officer Fraunhofer Institute for Process Engineering and
Packaging IVV
since 11/08  Internal Auditor for HPLC, GC und analytics of contaminants Fraunhofer Institute for
Process Engineering and Packaging IVV
Professional and continuous training
Business studies for chemists: Innovation-management,
Product-management,
Business strategies in chemical industries,
Competition analysis in chemical industries;
Certificate: ,,Certified Projectmanager
Business and Chemistry GDCh*
- Project-management
- Data visualization in scientific communications
- Personnel-management und Leadership
- Acquisition
- Leadership for junior staff
- Internal Audits
Additional skills
Languages German[native speaker] / English fluent (spoken and written)
Spanish[working knowledge] / French[basic knowledge] / Italian[basic knowledge]
Software-skills MS Word, MS Excel, MS PowerPoint, MS Access, SigmaPlot, LaTeX
Hobbies Fitness (Spinning, Pilates), cycling, theatre and opera, travelling
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B Introduce A Lecture

Theme 1

Theme 2

Curriculum
Vitae

Dipl.-Ing.

Lecture

Area

Qip

FOODPOLIS

KOREA NATIONAL FOOD CLUSTER

Christian Zacherl

Technology Lecture

Food Ingredients, products and processes

Development of healthy and convenient food products with innovative technological processes,

optimized for maximal taste

- Foods with reduced fat or reduced sugar, convenience products, new textures and aroma
- technological processes for gentle processing of foods, e.g. drying, heating methods, extrusion
- Evaluation and optimization of product properties (sensory and technofunctional properties)

Tailor-made functional Ingredients for foods — extraction, fractionation and modification techniques
applied on raw materials from sustainable resources
- Characterization of the composition and properties of plant based raw materials and recovered

fractions

- Development, adaption, and optimization of fractionation processes

Education Until 2003
2003
2003-2005
2005
currently

Professional since 2006
Experience 2007
Since 2009

Present Position

Contact

Studies in Food Technology at
TechnicalUniversityMunich-Weihenstephan

Dipl.-Ing Thesis on "enzymatically crosslincing of plant-
proteins with Transglutaminase" at Technical

University Munich

Studies in Technology and Biotechnology of Foods at
TechnicalUniversityMunich-Weihenstephan

Master’s Thesis on "heat induced gel forming of plant proteins
at Technical University Munich

PhD thesis on "bioactive properties of vegetable plant proteins
and fibers" at Technical University Munich- Weihenstephan

Fraunhofer 1VV:

- Projectcoordinatorof EU-Project"BioProFibre”

- Project co-worker of project "low fat sausages”

- Development of isolation technology for new plant protein as
fat replacer

Fraunhofer Award: "Technology for people” for development
of low fat sausages

Business field manager Food

Scientist, Business field manager Food Processes and Products
Fraunhofer Institute for Process Engineering and Packaging
Christian ZacherlGiggenhauserstr.35, 85354 Freising

Phone: +49 /8161 491- 426, Fax: +49/ 8161 491 -444
E-mail: Christian.zacherl@ivv.fraunhofer.de
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B Introduce A Lecture

Theme 1

Dr. Roland Franz

Lecture Technology Lecture

Area Food Packaging

Food Contact Materials (FCM) — Chemical Migration, Compliance and Safety Assessment
- Current state of legislation in the European Union (EU)

- Migration and compliance testing including screening methods

- Not intentionally added substances (NIAS) in FCM

- Compliance and safety assessment of migration test results

- Migration potential of nanoparticles in polymer nanocomposites

- Analysis and identification of off-odours and off-smells

Curriculum  Dr. Roland Franz is Head of the Department ‘Product Safety and Chemical Analysis’ of the

Vitae

Fraunhofer Institute for Process Engineering and Packaging IVV in Freising, Germany.

He made his Ph.D. in Organic Chemistry at the University of Wiirzburg, Germany, followed

by a post-doc research in experimental toxicology in the area of carcinogenic primary lesions.

Main focus of his scientific work is on interactions between packaging and food. He was and is
involved in numerous national and international research activities as well as expert groups in
support of legislation and safety of food contact articles.

Most recent research activities were within the EU project ‘FACET’ where the objective was to
develop and substantiate a migration model which enables calculation of migration into foodstuffs in
support of consumer exposure estimations. Another actual research area was and is on the question
whether or not nano-particles can migrate from food contact materials. He is (co-)author of more
than 140 scientific publications. Member and chair of the ‘Committee for Consumer Products’ of the
German Federal Institute for Risk Assessment, BfR, in Berlin. Member of the European Food Safety
Authority’s (EFSA) Panel on Contact Materials, Enzymes and Flavourings (CEF). Member of the
International Editorial Board of the Journal ‘Food Additives and Contaminants’ and assistant Editor
of the Journal ‘Food Packaging and Shelf Life’ http://www.journals.elsevier.com/food-packaging
-and-shelf-life/ . Furtherinformationcanbefoundunderhttp://www.ivv.fraunhofer.de.
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B Introduce A Lecture

Dr. Klaus Noller

Lecture Technology Lecture

Area Food Packaging

Theme Packaging — Enhanced Product
- Protection Oxygen scavengers
- Humidity regulation and absorption
- Antimicrobial systems
- UV- and light-absorption

Curriculum  He has studied chemistry and mathematics at the universities of Tiibingen and Mainz and finalized
Vitae with a PhD in 1986 on photochemistry.

He has 11 years of industrial experience in the field of film and paper converting especially on wet
chemical and vacuum technologies. After this he was responsible for R&D, technical support and
quality safety in a lacquer producing company for three years.

Since 2002 he works for the Fraunhofer Institute for Process Engineering and Packaging in
Freising and since the end of 2003 he leads the department of ,,materials development®, which
deals with packaging materials, film extrusion, film and paper converting. The main field is the
development of ultra-high barrier films against permeation of gases and vapors. He coordinated
and worked in several industrial and public funded projects on national and EU-level
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Dr. Horst-Christian Langowski [Keynote Speech]
Success Factors for Product and Process Innovations
in the Food Sector
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[Keynote Speech]
Outline of the presentation

Success Factors for Product and Process Innovations in the Food Sector

If a product or process development should succeed on the market (which is the meaning of a
successful innovation), there are several prerequisites which have to be fulfilled. Predominant factor
is a clear advantage for the customer, be it a food producer in the industry or the consumer. This is
especially true in industrialized countries where many basic needs of producers and consumers have

already been satisfied.

For the benefit of the consumer, food innovations can be grouped below the headlines of
— convenience, - health, - lifestyle and — pleasure. An innovation has to give extra benefits within at
least one of these four categories. But even then, accessible market niches are small in comparison to

the commaodity food markets, although the growth rates within some of these niches may be high.

Also process developments may show to be successful for the benefit of the food producers,

especially if energy savings or less expensive raw materials are concerned.
Overall, however, no successful innovation may occur unless the requirements from food quality and
safety are met. This fact underlines the need for additional competencies which have to be involved in

the development processes throughout all stages.

Examples from our project range will be shown during the symposium highlighting the need for a

comprehensive know how along the food and packaging value chain to enable innovations.

Dr. Horst-Christian Langowski
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Horst-Christian Langowski
Fraunhofer IVV, Freising
Director

Success Factors for Product and
Process Innovations in the Food Sector

Korea National Food Cluster (AnFC) Symposium
Seoul, November 17, 2015

Z Fraunhofer
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Horst-Christian Langowski
Fraunhofer IVV, Freising

Process Innovations in the Food Sector

... and possible contributions of
applied research

Z Fraunhofer
vy
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Overview

1. Driving forces in food and process
innovation

Global perspective
Consumer's perspective
Producer’s perspective

2. Requirements for R&D infrastructure
3. Conclusions

Z Fraunhofer
vy

1. Global issues for food research

Worldwide challenges

= Shortage of fossil and
natural resources

= Increasing population

= Climate change and
environmental pollution

Z Fraunhofer
vy
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Global issues for food research

= Shortage of fossil and natural resources

= Increasing population

= Climate change and environmental
pollution

Interlinked issues raise many questions,

e.g.:

» Can we afford the high growth

rates in meat production?

» How does the use of renewable
resources affect food prices and
land use?

Z Fraunhofer

Top 10. Energy containing Agricultural Products
from worldwide Harvest 2013, FAO

Product for nutrition and day 7.2 bn People

1. Maize 1,016,736,092 3.3*10's 1,276

2. Rice 745,709,788 26105 993

3. Wheat 713.182914 25*10's 950

4. Soybeans 276,406,003 1.2*10's 469

5. Palm-Oil 55.800.940 5.0°10% 191 L4 e

6. Barley 144,755,038 4.7*10"* 179 ' human day
7. Sugar cane 1,877,105112 4.7*10% 179

8. Rapeseed 64.563.586 3.6*10' 138

9. Potatoes 368,096,362 2.8"10' 108

10. Sorghum 61,384,559 2.1*10% 82

—

Source: **) FAO-STAT, Data from 2013 and 2012

TOTAL (141 products): about 5500 kcal per person
and day

Z Fraunhofer
vy
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Global issues for food research:
Requirements for governmental funding of
long-term programs, e.g.

= Use of plant-based proteins in food

= Use of food production residues in technical
applications

= Strategies to avoid of food waste

But: These issues should not be intermixed
with the shorter termed requirements for food
and process innovations at the industry!

Z Fraunhofer
\'a'2

Consumers’ view — the final driver for real
food innovations

[ price ]

P

Z Fraunhofer
)3 2
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Consumers’ view

differentiation,
individualization:
» health

» lifestyle

hedonism:
» convenience
» pleasure

,free from...”

= function » includes...”

* Taste » non quantifiable effects
quantifiable sustainability
factors environment

animal well-being
fair trade
immaterial factors

O O O O

Z Fraunhofer
vy

Consumers’ purchase decision at POS

differentiation,
individualization:
» health

> lifestyle

hedonism:
» convenience
» pleasure

quantifiable factors immaterial factors

smaller part larger part
of purchase decision outside...

[ price }

Z Fraunhofer
[i's 2
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Established food producers’ view

» Functional view: fulfilment of the required
functions of product and packaging

» Compliance with regulations: food, packaging,
labelling, ...

» Economic view: cost of materials and processes,
reliability of production (predominant drive for
innovations at large producers)

» Positive brand image

Z Fraunhofer
)3 2

The view of innovative producers
(mostly SME’s)

» Novelty vs. consumer perception
» Proper selection of raw materials and processes

» Functional view, compliance with regulations,
economic view

» Identification of possible retail channels

» Establishment of a brand image

Z Fraunhofer

vy

25




Summarized facts for food product innovations

= Most , innovations” are just re-launches
(,new! 20% larger package!"”)

= Most ,true” innovations are gradual

improvements

= Many of them are developed by small or
medium companies...

...and they fail in about 90 % of the cases

\

Z Fraunhofer
1’44

2. Requirements for R&D structure

Process Food
engineering recipes

Food
regulations

Shelf life
studies
Packaging
materials & Consumer
processes perception

Food contact
regulations

Z Fraunhofer
vy
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3. Conclusions

» Global issues do not drive innovations in the
short term, but R&D must be prepared to deal
with them

» Most innovations in the food sector are gradual
improvements; many of them fail on the market

» Process innovations are mainly cost-driven

» Some process innovations may lead to new
types of products

Z Fraunhofer
[\'3'2

3. Conclusions (contd.)

» R&D must have a high affinity to the needs of the
industry

» R&D should be able to help SME’s in their search
for retail channels and in building a product
Image

~» An important goal is a better understanding of

consumer perception to reduce product launch
failures

~ Regulatory issues also ask for a high expertise on
the R&D side

Z Fraunhofer
V'3 2
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3. Conclusions (contd.)

» An ideal R&D partner for the food industry is
not an inventor of new products,

» but he facilitates their introduction to the
market

~ via his expertise in all relevant sectors

» and via his contact network through the whole
supply chain

Z Fraunhofer

vy
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Dr. Carolin Hauser [Quality and Safety - Part 1 ]
Decontamination methods for food /
food packaging and aseptic filling validation
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FOODPOLIS

KOREA NATIONAL FOOD CLUSTER

[Quality and Safety - Part 1]

Decontamination methods for food/food packaging and aseptic filling validation

Dr. Carolin Hauser

The food industry must provide consumers with high-quality and safe food products. The
manufacture and processing of fresh food products are particularly prone to contamination with
undesired microorganisms. The Fraunhofer Institute for Process Engineering and Packaging IVV
studies the suitability and effectiveness of new decontamination and pasteurization technologies for
different food products. The use of radio frequency heating, atmospheric pressure plasmas, novel UV
sources, and xenon flash lamps are investigated, with particular attention being put on the sterilization
efficiency on the product, possible shelf-life extension and the product quality. The suitability for
certain product groups and optimal treatment parameters for gentle product sterilization is a key
factor therefore.

If products already have undergone a pasteurization or sterilization process, they are mainly filled
into packaging under aseptic or near-sterile conditions. This process involves both treating the
product (e.g. the pasteurization or UHT treatment of milk) and also sterilizing the packaging prior to
the filling process. The food industry uses mostly wet-chemical processes for this, involving
hydrogen peroxide and peracetic acid. The Fraunhofer IVV performs microbiological challenge tests
in order to quantify the effectiveness of sterilization of aseptic and near-sterile filling plants. For these
tests there is deliberate and defined contamination of plants with selected test germs immediately
prior to the sterilization process. By quantifying selected test organisms that survive the sterilization
process the effectiveness of that process can be appraised. The importance of the choice of

microorganisms and experience will be shown.

Dr. Carolin Hauser
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Decontamination for food/food packaging

and aseptic filling validation

Dr. Carolin Hauser

Head of Business Field Food

November 2015

Z Fraunhofer
v

Our Business Fields

L4
Z Fraunhofer
v
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Our Business Fields

o % Fraunhofer

v

Outline

1. Decontamination methods of food
B Unpacked food: pulsed light technology ﬂﬂw

1
7

B Packed food: radio frequency heating L1

4. Conclusion

@ Fraunhofer IVW % Fl'al.lnhOfel'

vy
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Avoidable food waste in German households

11 Mio tons of food waste generally / year

6.7 Mio
tons / year
justin
housholds

82 kg /
person
Source: Studie der Universitat Stuttgart, 2012, geférdert durch das BMELV
© Fraunhofer IVV % Fraunhofer

v

1. Decontamination of food - unpacked food

EHEC outbreak 2011 Germany:
4000 illnesses, 53 deaths

http:/Awvww.was-
wir-essen.de

© Fraunhofer IV % FraunhOfer

v
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Pulsed light technology

Principle and set up s

Near UV mnge Visible light spectrum

[\

B Xenon flash lamp (200-1100 nm) £~ || T i
B Special shaped reflectors Ij "r“”\ i | Ty
B Very short high-energy light flashes (0,3 ms) ~ UV lafo's wavelength: 254 nm
B Limited or no heating of the material NNy
A ECONOS JAPAN 2005: Partigulsr Featnres fthg Pulse Light Sterilizer (“Pulse Beamer *) and its
® No chemicals oo SRS
|

Approved for food applications by the FDA (max. 12 J/cm?) - Code 21CFR179.41

B 15% UV/50% VIS/ 35% NIR
Photochemical effect (damage of DNA; T-dimere etc.)
Photothermal effect (e.g. denaturation of protein)

Photoacoustic effect (explosions, particle impact)

7 Fraunhofer
vy

-------

Pulsed light technology
Fresh cut endive salad — inactivation efficiency
W Listeria innocua, Escherichia coli and total aerobic count

B [nactivation of about 2 log,, CFU/g

B Tailing observable — Matrix effects

Parameter: 10 cm distance; 1-3 kV; 1-3 flashes s -
el = ) Microorganisnis between plant
~2 log,, with 1 cells ‘
flash
5
&)
3 4 =
5 = =
- -
g ;
i L L
14 @ Linnocua DSM 20649
A E. coli DSM 498
O  total aerobic count
oL . . . : . . Source: Fraunhofer IVV e
0,0 05 1,0 15 2,0 2,5 3,0

Fluence [J/cm?]

7 Fraunhofer

vy
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Pulsed light technology
Fresh cut endive salad — colour changes

B Effect of pulsed light on browning of salad: Application of optical filters
Strong Browning (Aa) without filters

Application of optical filters UG11 (275-375 nm) and UG5 (240-395 nm) reduce or
prevent browning

Inactivation of about 1.8 log,, CFU/g

6 100
—&— Reference
—e— 3x3kV without filter
5 —&— 3x3kV with UGS filter
—w— 3x3kV with UG11 filter 80 1
—m— 3x3kV with 400S filter
4
g 60 4
[
3 =}
©* ?
E
@
24 5 41
=
14 — UG
201 UGt
FGL400
0 .
Parameter: 10 cm distance; 3 kV; 3 flashes
: T T : T T : T 04 . - - -
0 1 2 3 4 5 6 7 200 400 600 500 1000
Storage time [d] Wavelength [nm]

Z Fraunhofer

v

Pulsed light technology
Mung bean sprouts — inactivation efficiency
B Listeria innocua, Escherichia coli and total aerobic count

B [nactivation of about 1.8 log,, CFU/g
B Tailing observable — Matrix effects High microbial load (108

Parameter: 10 cm distance; 1-3 kV; 1-3 flashes Cfu/g)

~1.8 log,, with 1 flash

By
@

log,o N [cfu/g]

L

i

1
8> s»__-____% 3 / Source: Fraunhofer IVV
Microorganisms between -

plant cells

@ E. coliDSM 498
14f @ L innocua DSM 20649
O total aerobic count

0,0 05 1,0 15 20 25 30

Fluence [J/cm?]

v
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Pulsed light technology

Mung bean sprouts — colour changes

B Positive effect of pulsed light on color and texture of mung bean sprouts

Source: Frau fer IW

—8— Reference
—— 3kV
—A— 3x3kV

References after 7 days

J h \
F n ¥ ! J
2 -
| l
| Parameter: 10 cm distance; 3 kV; 1-3 flashes

Source: R aunhofer VvV £

0 1 2 3 4
Storage period [d] 1x3 kV after 7 days

1

—— Z Fraunhofer

vy

Pulsed light technology

Bread rolls —inactivation efficiency

inactivation of 2.5 to 3 decades;

® top side and bottom side could be
decontaminated at the same good
level .

- good reproducibility (5_ 1_5) m3kV;1,0cm; 1flash m3kV; 1,0cm; 3 flashes

® only slightly increase of the 40

inactivation by application of 330
3 flashes compared to 1 flash

E

® no significant increase of
inactivation with 5 or 10 flashes

r
wn
(=]

o
i
(=]

Log reduction (log cfu/mli)
- P
S S

No sensory or analytically
detectable modifications of the

o
wn
o

0,00 +

1 2 3 4 5

| food quality parameters !

Average log reduction of part-baked bread inoculated with A. brasiliensis

12
@ Fraunhofer IVV % FraunhOfer

vy

37



Pulsed light technology

B Pulsed light is an efficient method for fast decontamination of surfaces

Determined inactivation rates of approx. 2 log,, (endive salad), 1.8 log,, (mung
bean sprouts) and 2.5 log,, (bread rolls)

Optical filters enable gentle treatment of endive salad and prevent increase of
browning and respiration rate

Pulsed light improves appearance of mung bean sprouts

No adverse quality changes of bread rolls

B Industrial feasibility
Limited effect on bulk goods

Industrial sorter system (optical sorter)
singularize products like leafy greens

pulsed light systems could be integrated to . -
enable product treatment of both sides d " source: laranor
13
Z Fraunhofer
vy
1. Decontamination of food - packed food
14
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Radio-Frequency Heating

Boiling a
2500 g sausage

Pasteurizing pickled
gherkins in 720 ml
glass jar

15

Z Fraunhofer

v

Radio Frequency Heating

penetration into
material

~32cm

(tap water)

Radio- . .
Parameter Microwave Ohmic
Frequency
50 Hz to
Frequency 13.56 MHz 0.915 GHz
27.12 MHz 2.45 GHz 1 kHz
low high
1105 ¢m (in air) 12.2 am (in air)
Wave length 130 am (water), 1.5 cm (water) ., not relevant
Power

~1cm

(tap water)

large

high low
Heating Dipole rotation,
. lon movement - lon movement
mechanism 1on movement
Capacitor field, no Radiation field, F:;i{;;éi??;ﬂ;?
Exposition electrode contact cavity field, ackages not
necessary no contact P 9

possible

16
Z Fraunhofer

Vv
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Radio Frequency Heating
Heating profile

Temperature in °C

Electrode voltage in kV

100 6
¢ Core temperature -
90 M Surface temperature 5
Liquid temperature
XK Electrode voltage 5
K
70 ¥ 3
[{3'-"
60 ln'(' 2
50 fﬂ 1
40 0
40 30 <20 -10 0 10 20 30 40 50 60
Timeins
17
=
Z Fraunhofer
v
Radio Frequency Heating
Comparison of pasteurization technologies
90 ;
a) RF-heating b) Water bath heating
80 4 (1.6 minutes) (82°C, 21 minutes) g
OLC, 75°C - _I .:—_ o _/——’:— —7{
: i | |
(&)
: | S
c 60 I c) Hot air heating —
e | (80 to 100 °C,
§ | 43 minutes)
s 90 i
- i | 500 g pasta pouch
g I :
g 40 ; | <
2 2B
o ‘ I '.§ 3
© 30 r' e | "S B
20 T . 1 R
-10 0 10 20 30
Heating time in minutes
18

Z Fraunhofer
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Radio Frequency Heating

Performance for different food

Product RF-heating Tem |:_)erat_ure Commercial
holding time process

FER S AU I 1.6 min 3 min 70 min

pouch

e, 2] 3132 I 1.5 min 3 min 30 min

vacuum pack

Boiled sausage, . . .

2500 g 11 min 10 min 200 min

Flelze .gherklns n 3.25 min 2 min 30 min

720 ml jar

j(;t:ernes T 722 il 1.5 min 2 min 26 min

RF-heating saves 82 % — 94 % processing time!

19

Z Fraunhofer
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Radio Frequency Heating

Possible Packages

vacuum packs,
plastic skins,

plastic trays,

jars and beakers
plastic or metal screw

plastic and glass bottles

No metal cans!

20

L
Z Fraunhofer
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2. Decontamination of food packaging

21

|
Z Fraunhofer
vy

Decontamination of food packaging

Packaging material can prevent microbial food spoilage (actively/passively) !
Requirement for a high microbiological stability is the packaging sterilization

Source: Fraunhofer IV

Partial Decontamination Sterilization / Aseptic packaging

clearly defined level of reduction and

defined test organism: e.g. reduction of 5
\' log,, of B. subtilis for H,0,- technology
= ___

level of reduction and microorganism
strains are not defined / pH < 4.5

Methods: Methods:

B |nfrared Radiation B H,0, (high concentration)
B UV-radiation B Peracetic acid

B H,O, (low concentrations) B Saturated steam

B Peracetic acid B Electron beams

B Pulsed UV light

B Photodynamic

m etc

22

Z Fraunhofer
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Decontamination of food packaging - Plasma sterilization

Geometry of the packaging

Atmospheric-pressure plasma Low-pressure plasma
(e.g. plasma jet, DBD) (e.g. CCP, ICP, microwave) )

suitable for...

Source: Fraunhofer VW

Flat substrates (lids, foils, films) 3D-substrates (bottles, cups etc.)
23
Z Fraunhofer
v
Decontamination of food packaging - Plasma sterilization
Set-up of a Cascaded Dielectric Barrier Discharge (CDBD)
---------_--1
excimer flat lamp high voltage “ [
l:
sample |
|
gas flow !
(N,/ air...) » I
|
ground electrode T 1
- |
|
B Excimer lamp emits monochromatic light (e.g. XeBr = 282 nm; KrCl = 222 nm)
B Combination of inactivation effects (UV radiation + plasma)
B Additional UV-radiation increases homogeneity of the discharge (,,Joshi-effect”)
24

Z Fraunhofer
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Decontamination of food packaging - Plasma sterilization

Up_sca“ng SPONSORED BY THE
Federal Minis

Lab-scale Y

and Research

EU /01.04.2002 -
31.05.2005 (G1RD-CT-2002-

00747)
COLAPE KMU innovativ/ 01.10.2009-31.12.2012
(01LY0912B) STERIPLAS
Larger lab-scale Pilot-plant-scale

Partners:
B RTDs: Fraunhofer ILT + Fraunhofer IVV
B Companies: AFS GmbH, SemiQuarz GmbH, Jirgen Lohrke GmbH

25

L
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Decontamination of food packaging - Plasma sterilization

SPONSORED BY THE

Up-scaling
Federal Ministry

B Continuous sterilization of plastic films (width 37 ¢cm) @ | of Education
and Research

B Generator: max. 1.5 kW / Distance: 2 mm
B Exhaustion: Removal of volatile compounds (e.g. ozone)
o

Amount of modules depends from the sterilization requirements

2 stepllization iy Excimer flat lamps KrCl

S gmwme — vemgy -
cm/

26

Z Fraunhofer
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CFU/Obj.

Decontamination of food packaging - Plasma sterilization

Up-scaling — Sterilization efficiency

Aspergillus niger DSM 1957
1,06+06
Power: 1500 W
1,0E+05 Krcl-Excimer: 222 nm
Distance: 2 mm
1,06+04
108403 )
8
=1
2
L06+02 — S
: T
1.0E+01 1 S T
L0EH00 isansesssssssopssssitasssssssapssstsssssssstsstisass
0 ] 3 4 5 6

Treatment time [s]

B Aspergillus niger DSM 1957: 4 log within 3 s
B Bacillus subtilis DSM 4181: 5 log within 2 s

1,06+06 I
10E+05
106+08 +—
10E+03 +

1,0E+02 +—

1,0£+01

1,06400 Assssssnsnnsss

1,06-01

Bacillus subtilis DSM 4181

Power: 400 W
KrCl-Excimer: 222 nm -
Distance: 2 mm

oy ;

T— uliu By, oo R——O

2 4 ] ] 10

Treatment time [s]

Z Fraunhofer
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3. Validation of sterilization processes

28

Z Fraunhofer
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Validation of sterilization processes

Determination of the product failure rate ?

The following overview summarizes the criteria for distinguishing the types of checks

gt
. | g %
= 8 23
NN
§%‘§i§ il kg
1. ::Ic;oht::?m yes | yes no no | e no

Loner Strasse 18, 60528 Frankfurt, October 2007 (English edition, August 2008)

For determination of an failure rate < 1:10,000 more than 30,000 product
samples have to be investigated for a confidentiality of 95%

Microbiological challenge tests are necessary for determination of
the sterilization efficiency of aseptic or hygienic cold-filling machines

29

L4
Z Fraunhofer
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Validation of sterilization processes

Objective: Determination of the efficiency of the filling-machine’s
strerilization modules

Challenge-Test Process

1. Preparation of bioindicators

[2. Validation process at the decontamination deviceJ

3. Determination of the sterilization efficiency

] (.
i3 =
ap |
%II'C

|4. Evaluation of the obtained data J

30

Z Fraunhofer
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Validation of sterilization processes

Carrier Material + Test Microorganism

|Steri|ization of packaging material I 'Sterilization of the machine |

Various packaging materials Special carriers (e.g. metal stripes)
(e.g. films, cups, bottles, lids)

-

O ¢ WL,

g0 T e
o APPIRE
v A A

L
~ Fraunhofer
v
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Validation of sterilization processes

Preparation and Inoculation

| Spray contamination |

Drying of suspensions under defined conditions

Z Fraunhofer

A"
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Validation of sterilization processes

| Sterilization of packaging material | Sterilization of machine |

B Contaminated packaging material

B Contaminated carrier material
B Distribution on different lines B Critical points

B Different time intervalls

v

Validation of sterilization processes
Determination of Sterilization Efficiency

B Washing process or direct pouring method
B Swap methods and contact plates only in exceptional cases
B Detection of viable count by
Filtration
Pour plate method

Spiral plating

e

34

Z Fraunhofer
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Validation of sterilization processes

Choice of test strains - resistance

B Test strains are used as a measurement tool
B Result of validation depends on the specific resistance of the species and test strain

B Resistance depends on different parameters (e.g. growth-conditions)

High deviations in resistance

Resistance should be “calibrated” and well known

W A niger DSM 872
W A. brasiiensis DSM 1988 4 ol
|30 A niger DSM 11167
[ A niger DSM 12643
W A niger DSM 2466

[ A niger DSM 1957
1 A niger DSM 737

=
=

log reduction
w

iR | 1 1 . 104 o SA22 Susp.:
—m— SA22 Susp.:
10% 4 —&— SA22 Susp.:
e & A O B —v— SA22 Susp.:
—®— SA22 Susp.:

LIS L 10% T

— e D N ;
35
Z Fraunhofer
v
Summary
Decontamination methods for food/food packaging
B Quality and food safety should be the given highest priority
B Microbial contaminations are inevitable
B Various (novel) decontamination/sterilization methods
B Food and Food Packaging
B Method should be appropriate for the specific product
B Qualified validation is necessary
36

Z Fraunhofer
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Any questions?

\

Z Fraunhofer

IVV

Dr. Carolin Hauser
Business Field Food

Contact:
phone: +49 8161 491-626
email: carolin.hauser@ivv.fraunhofer.de

Z Fraunhofer

v
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Christian Zacherl [Functional Foods - Part 1]
Development of healthy and convenient food products
with innovative technological processes, optimized for
maximal taste

51
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KOREA NATIONAL FOOD CLUSTER

[Functional Foods - Part 1]
Development of healthy and convenient food products with innovative technological

processes, optimized for maximal taste

The first presentation will give an overview on current developments in the sector of food processes
and products. We develop high-quality, modern foods such as convenience foods, low calorie
products and fiber-rich foods. We also develop foods with novel textures such as fruit and vegetable
products and meat surrogates based on plant proteins. Our objective is always to understand the
relationship between processing, formulation, and texture and to optimize the sensory properties
(aroma, taste, and mouth-feel). In order to ensure convenience foods are “fresh” and retain their
vitamins and nutritional secondary plant materials we are developing gentle heating and drying
processes and edible coatings. This work allows us to bring together the health and enjoyment aspects

of food in a special way.

Christian Zacherl
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Development of healthy and convenient food
products with innovative technological

processes, optimized for maximal taste

Christian Zacherl
Head of Business Field Food

November 2015

Z Fraunhofer

Business Fields

Packaging
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Business Fields
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Building blocks of life

The human body consists of
approximately 100 trillion
cells. Per second around 1
Million cells are renewed. All
3 years around 90% of all
body cells are replaced.

All building blocks for renewing
our body originate from —

FOOD !

Z Fraunhofer

ILTA"
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We can choose the v’ ; .:»»ﬂ-»'f \
building blocks of our ‘ '
N

body individually — each day! \?»’

Main trends and future topics in the area of foods

Convenience

a

dl4d

Enjoyment Health

Safety

AyljIqeuleisnsg

L
~ Fraunhofer
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Food Processes and Products

Innovative Processes,
Gentle Heating Processes

Food Development,
Reformulation

|

Healthy Foods Convenience New Textures and
Products

ZZ Fraunhofer
vv

Food Processes and Products

Foods with reduced fat or reduced sugar, convenience products,
new textures and aroma

ZZ Fraunhofer

v
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Food Processes and Products
Salt reduced foods

Background Salt- Nutrition

= Average salt consumption in EU: 8-12 g/day
= Recommended Intake: 5-6 g/day

= Overconsumption - raised blood pressure, risk of heart attack and
cardiovascular diseases

= Reduction of sodium of 30% should be target for the next 10 years
(EFSA, BFR)

Z Fraunhofer
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Food Processes and Products
Salt reduced foods

Major Sources of Sodium Intake

During
Cooking

At Table 59,

6%

Naturally
Occuring

0
12% > Bread

~ Dairy

~ Processed Meat (Sausages)

Z Fraunhofer
Vv
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Food Processes and Products

Salt reduced foods
Approaches for Salt Reduction

i N ai e Stepwise reduction over time
W W W

4 v 4

~ Salt reduction by substitutes, e.g.
g KCl or other non-sodium ions
| e
~ Salt boosters, e.g. saltiness by
e umami
-

Multisensory interactions

Distribution of salt

Source: Hannah Baker
Food Ingredients Europe Conference 2011

—
Z Fraunhofer
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Food Processes and Products

Salt reduced foods

Innovative Approach:

Optimisation of salt release during mastication + Principle of sensory

contrast
NaCl (%)
t Pulse
Continuous
taste delivery
Interval Time
Taste

intensity
3

Area gain for pulsed taste delivery

LU TN,

Area continuous taste delivery

.. Time
Source: Martijn Noort
Food Ingredients Europe Conference 2011,

Meiseman & Halpern 1973

Z Fraunhofer
IVV
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Food Processes and Products
Sugar-free, Tasty Foods with Optimized Digestibility

®  Development of sweetening systems based
on different sugar alcohols, sweeteners and
filling ingredients

" Elucidation of interactions between sugar
replacer, sweet taste, texture and aroma
release

® Research on different food groups, e.g.
sweet bakery, chocolate, marshmallows

¥ Optimising of the sweet profile, texture and
mouth-feel of different foods

Z Fraunhofer

A

Food Processes and Products

Low-fat Sausages

Using exclusively lean pork ham, no additional fat

® Only 2,5 % fat

"  60-80 % less calories than conventional
sausages

" Free of fat substitutes

® Outstanding taste via innovative
technology and new plant ingredients

®  process possible with conventional
equipment

Z Fraunhofer

v
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Food Processes and Products

Low-fat Sausages

METZGEREI 3OSE

B |dea coming from a small butcher

® Cooperation financed by an internal
Fraunhofer funded project

B Patent application

B Searching for industrial partners

B License contract

Z Fraunhofer

Ivv

Food Processes and Products
Fraunhofer-fithess-sausage
produced by the largest
Food-Retailer in Germany

Low-fat Sausages

New processes for the
production of sausages
without added fat

| T—.
| schweimsbranwisti 4

No fat and additives
by the use of a new process
at very low temperatures

= optimized protein
solubility

= juicy and firm texture

e

= less than 3 % fat . : | By o
e Leberkds A

= high consumer acceptance

= reputation for Fraunhofer

ZZ Fraunhofer

v
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Food Processes and Products

Deutscher Durchschnittsverzehr im Laufe des Lebens
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Food Processes and Products

Plant based meat alternative products

Based on plant proteins providing
meat-like fibrous structure

® fresh product > 60% water content

® Different applications, as nuggets or
Schnitzel

® continuous processing technology

Based on various raw materials: pea, lupine,
soy, wheat, bean

Meat-like texture

-

Plant based Schnitzel

Z Fraunhofer
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Food Processes and Products

Plant based meat alternative products

Ingredients: Water, plant protein, spices

AR NN

Aligned fibers =2 meat-like texture
Only plant based ingredients 2vegan product
No animal based fats

no cholesterol

Kochzone

Férdern

Kiihlzone

Kiihldiise

“
IVI.V Z Fraunhofer
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Food Processes and Products

Plant based meat alternative products

Wet cooking extrusion - principe

RANDOM
PRGTEIN

MATRIX %;

FEED

PROTEIN TEXTURISATION

DIRECTION OF FLOW ——

: : :
\31?\ 125°C %\\\ 18G° &0

Chemical crosslinking

Covalent bonds (Disulfide bridges)

Non-covalent interactions (H2-bridges,
ionic and hydrophobic interactions)

FLOW N

%r—*"fﬁ%

Di—SULFHIDE
BONDS BROKEN

CROSS—LINK
STABILISED
FIBRES

ez

Camire et al, 1992

("
IVLV Z Fraunhofer
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Food Processes and Products

technological processes for gentle processing of foods, e.g. drying,
heating methods, extrusion

Z Fraunhofer
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Food Processes and Products
Radio-frequency Heating of Food

Pasteurisation/sterilisation of packed food

Food is heated up
10-fold faster than
in autoclave

b4

Gentle heating

b4

Higher product quality I

Alternating electrical field ~ Warm-up time does not depend
(frequency 27,12 MHz) on the size of the package

Z Fraunhofer
1A'
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Food Processes and Products

90 RF Water Bath Heater: Comparison of Technologies

1
a) RF-heating b) Water bath heating

80 | (1.6 minutes) (82°C, 21 minutes)
g: 75°C _I -: — — — — 7(—‘——— — —7‘-
g 70 i | |
3
g &5 I / I ) I .
c | ¢) Hot air heating —
o I (80 to 100 °C,
.5. 50 | 42 minutes) ]
i " 500 g pasta pouch i
8 Il I ! ,’-‘ g < E $ BV
§E 4 i &5 _
o : b 'é :
5 | GAw-E
© 30 =2 Nl _

I o “
] - 3TN :
20 } , , | : : |
-10 0 10 20 30 40 50

Heating time in minutes

Z Fraunhofer
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Food Processes and Products

Vacuum-expanded Fruits and Vegetables

Products:
Strawberries

Apples
Melons
Grapes
Other fruits

Pre-drying

(convection)

Applications of products:

Banana Chips (fat free) =
|

Breakfast cereal mixtures
Cereal bars
Confectioneries with
coatings

Fruit snacks, vegetable
snacks

’ Vacuum-

expansion

= |  End-drying

ZZ Fraunhofer
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Food Processes and Products

Vacuum-expanded Fruits and Vegetables

Pre-Treatment
Pre -Drying

der vacuum
4. Post-Drying

Application of Energy
» Air Convection
» Microwave
» Infrared

Vacuum-

[retning |—— | Mean | —— [
é\ “d‘a ying Expansion Post-treatment

90-80% —» 45-25% » 12-8%— 4-6%
o @ G Water Content of Product

Z Fraunhofer
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Food Processes and Products
Vacuum-expanded Fruits and Vegetables

Strengths of the Technology: Example Vitamin C

Vitamin C - Preservation of Vacuum-expanded fruits

100 -
90 A
80 A
70 A

60 -
50 4
40 A
30 4
20 A
10 4
D T T T

Pineapple Kiwi Red Pepper Physalis Tomato

Z Fraunhofer
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Food Processes and Products

Vacuum-expanded Fruits and Vegetables

Strengths of the Technology: Optimized Texture

Penetration test with
blade-shape measuring:

Simulation of Teeth

Z Fraunhofer

Ivv

Texture compared to other Technologies

microwave-vacuum

For::e () expanded
-
s
-
- conventionally
i | freeze- dried

a0 I dried

754

0

R Strain (%)

Z Fraunhofer
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Food Processes and Products

Vacuum-expanded Fruits and Vegetables

Strengths of the Technology: Optimized Texture

Freeze-drying Puffing  Conventional Freeze-drying puffing  Conventional
drying drying
Fraunhofer W Z Fraunhofer

v

Food Processes and Products

Vacuum-expanded Fruits and Vegetables
Comparison to other Technologies

Drying Method Ratio of Quality
Processing Cost

Air Drying 1 poor Retention of fresh Product Quality, leathery
shrunk Products
Freeze Drying 5 chalky Texture, reduced Colour, soft, crumbly,
not crispy
Vacuum- 5 excellent Colour, crispy Texture,
Expansion Cancentration of characteristic Aroma
© Fraunhofer IV Z Fraunhofer

v
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Food Processes and Products

Vacuum-expanded Fruits and Vegetables
Strengths of the Technology

v Wide Range of raw Materials
Unique Crunch and Pleasure
Optimization in Colour and Texture

No Losses in Fibres, Protein and Lipids

N X X

High in Vitamins and secondary plant
metabolites (e.g. Polyphenols)

v Significant cheaper than Freeze Drying

Vacuum-

90-80% 45-25% 12-8%—* 4-6% ‘ﬂ 4

Water Content of Product

o8 %o

exo
')

Z Fraunhofer
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Food Processes and Products

Sensorial Evaluation and optimization of product properties

Z Fraunhofer
v
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""*:"‘Lﬁﬂ Analytics

2D-GC-MSi0

m ‘ ] chemosensory processes

product optimisation/development
S hvsiol 11( R

sensory demands for consumer acceptance

Z Fraunhofer
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Sensorial Evaluation of Foods
Assessing Odour Quality - GC-Olfactometry

% Assessment of dominant and/or profile changes of aroma compounds
Z Gentle extraction of aroma compounds:

-> solvent assisted flavour evaporation (SAFE) distillation

% High sensitivity and selectivity via comprehensive techniques:

-> gas chromatography mass spectrometry / olfactometry (GC-MS/O)

vv
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Sensorial Evaluation of Foods

Assessing Odour Quality — Sensory
% Trained sensory panel
- sensory impressions ratings (taste, aroma, texture, etc.) + interactions

= sensory correlations with chemical-analytical and physical parameters
ry y pny f

Z Fraunhofer

v

Sensorial Evaluation of Foods

Flavour Release in Real-Time

Characterisation = food aromas : release processes
Optimisation = processes, formulations, texture : sensory parameters

Assessment - food aroma perception : release during consumption

Application of on-line mass spectrometry:

[ IMP

ctrometry (PTR-MS)

- proton transfer rriag;tlon mass

OMS

L \\\

I Hy0 VAP

UR in TS.-\MF‘LE GAS in

Z Fraunhofer
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Sensorial Evaluation of Foods

Aroma Compound Detection using GC-MS/O

R\

Comprehensive all

Z Unequivocal compound identification ‘

Z Quantitative ‘

e e

\
‘ | |

mm I

I
/ .]‘
7

N )
v/'?i h

Chromatogram

Z Fraunhofer
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Sensorial Evaluation of Foods

Assessing Odour Quality — GC-Olfactometry

FID
injector AN

V. sniffing-port

capillary S \
\

N Y-splitter

Zi Fraunhofer
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Sensorial Evaluation of Foods

Assessing Odour Quality — GC-Olfactometry

SAFE distillation
Food sample

GC-FID/MS response
4 |

l (LJMJJ Wl =

f—
| —

3 g Corresponding detection via the nose
“w
L

Kny

ZZ Fraunhofer
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Sensorial Evaluation of Foods

Flavour Perception

orthonasal retronasal
perception perception
of volatiles of volatiles

Other sensory modalities "Taste
Temperature
Tactile sensations (texture)

Trigeminal (astringency, prickling, stinging, etc.)

\

~ Fraunhofer

v
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Sensorial Evaluation of Foods
Flavour Perception — Multisensory Integration

R, g
Pesaae
A

o~

PRI \_"g
B At

Zi Fraunhofer
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Sensorial Evaluation of Foods

Assessing Odour Quality — Concentration vs. Quality

Z More is not always better: increasing 2-furfurylthiol in a
3.0

e/
w
1

—a— Coffee-like
—e— Onion-like
Garlic-like

e/
=]
I

Odour intensity score
o o
1 ]

—
w
1

0.0

T

T T T
0 0.035 0.14 0.41 1.35 4.1
— Agueous concentration (mg/L) .

~a riaunnofer
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Sensorial Evaluation of Foods

Assessing Odour Quality — Cross-Modal/Congruency

% & congruency play an important role in perception
120 800
=
_ 700 &
= 100 :
- menthone release + 600 ]
g 0 500 o
= g
® 60 | 400 3
S 2
T 1300 §
E “1 1\\_ 200 3
= ‘ ! o)
20 { sucrose release | 100 §.
<

Time {min)

_—

~ Fraunhofer
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Sensory Analytics -
Z Chemical characterisation of odorous compounds by MS

- food aromas | odours of consumer products | off-odours

A\

Sensory assessment of odours

- Perception | thresholds | character

Z Odorant dynamics

- during mastication (nosespace) | during perception (intranasal)

Z Acceptance, preference, perception

- hedonic tests | consumer consensus | psychological response | physiological effects

- Odour characterisation: &

Z Fraunhofer

Ivv
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Thank you very much!

Z Fraunhofer
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%‘nﬂzza_rz[ 7| - Part 1]
AJZ TRIH OFHA T} 7 [&(LE- SR, O, HESSA

Dr. Roland Franz [Food Packaging - Part 1 ]
Food content materials(FCM) — chemical migration,
compliance and safety assessment
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FOODPOLIS

KOREA NATIONAL FOOD CLUSTER

[Food Packaging - Part 1]
Food Contact Materials (FCM) — Chemical Migration, Compliance

and Safety Assessment

Dr. Roland Franz

In Europe, food contact materials (FCM) fall under the scope of the Framework Regulation EC
1935/2004 which lays down the general requirements for all food contact materials. Article 3 requires:

‘Materials and articles, including active and intelligent materials and articles, shall be manufactured
in compliance with good manufacturing practice so that, under normal or foreseeable conditions of
use, they do not transfer their constituents to food in quantities which could:

(a) endanger human health
(b) bring about an unacceptable change in the composition of the food
(c) bring about a deterioration in the organoleptic characteristics thereof. ”

Specific legislation for particular materials or groups of materials and articles is given by
- Directive 84/500/EEC for ceramics

- Directive 2007/42/EC for regenerated cellulose film

- Regulation EC 282/2008 for recycled plastic materials

- Regulation EC 450/2009 for Active and intelligent materials and articles and

- Regulation EU 10/2011 for plastics

Plastics Regulation EU 10/2011 is the most important one in Europe. It sets the rules for plastic food
contact materials and contains a list of almost 1000 substances authorised for the manufacture of food
contact plastics. A list of these substances can be found at:

https://webgate.ec.europa.eu/sanco_foods/main/?event=substances.search&substances.pagination=1

Groups of materials and articles for which EU legislation is not yet in place are covered by national
legislations of European Member States.

A full overview of the European legislation can be found at:

http://ec.europa.eu/food/food/chemicalsafety/foodcontact/eu legisl en.htm

In the presentation an overview will be given on the following topics against the legal requirements
and how Fraunhofer IVV know-how and services can provide economic solutions:

- Migration and compliance testing including screening methods

- Not intentionally added substances (NIAS) in FCM

- Compliance and safety assessment of migration test results

- Migration potential of nanoparticles in polymer nanocomposites

- Analysis and identification of off-odours and off-smells

Dr. Roland Franz
79
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Fraunhofer IVV

Food Contact Materials (FCM) — Chemical Migration,
Compliance and Safety Assessment

Dr. Roland Franz,

Head of Department
,Product Safety and Analytics’

Korea National Food Cluster (AnFC) Symposium
Seoul, 17th November 2015

Z Fraunhofer
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Compliance of Packaging Materials is like a Puzzle

Permeation
testing

compliance  (FPwpe
evaluation properties

Migration
tests

Z Fraunhofer
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What is on the agenda?

el

Current state of legislation in the European Union (EU)
Migration and compliance testing including screening

methods
Non-intentionally added substances (NIAS) in FCM

Compliance and safety assessment of migration test results

Migration potential of nanoparticles in polymer
nanocomposites

Analysis and identification of off-odours and off-smells

w s

Z Fraunhofer
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Current state of legislation in the European Union (EU)

http://ec.europa.eu/food/food/chemicalsafety/foodcontact/eu_legisl_en.htm

In the EU food contact materials and articles are
regulated by:

Framework Regulation EC 1935/2004 - general

requirements for all food contact materials
Legislation on specific materials - groups of
materials and articles listed in the Framework
Regulation

Directives on Individual Substances or groups of
substances used in the manufacture of materials
and articles intended for food contact

National legislation covering groups of materials
and articles for which EU legislation is not yet in
place

Migration tosts

Z Fraunhofer
VY
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Current state of legislation in the European Union (EU)
The EU regulatory overarching roof that covers all FCMs

FRAMEWORK REGULATION (EC) No 1935/2004 Q

General requirement of Article 3:

“Materials and articles, including active and intelligent materials

and articles, shall be manufactured in compliance with good manu-
facturing practice so that, under normal or foreseeable conditions of use,
they do not transfer their constituents to food in quantities which could:

(a) endanger human health
(b) bring about an unacceptable change in the composition of the food

(c) bring about a deterioration in the organoleptic characteristics

thereof. I

Good Manufacturing Practice REGULATION (EC) No 2023/2006

Z Fraunhofer
13 4

Current state of legislation in the European Union (EU)

EU Legislation on specific materials - groups of materials
and articles listed in the Framework Regulation

= Ceramics
Directive 84/500/EEC: limits Cd, Pb & gives analytical method

= Regenerated cellulose film
Directive 2007/42/EC: authorised substances, conditions of use,
provisions for plastic coated regenerated cellulose film

= Recycled plastic materials
Regulation EC 282/2008: authorisation of recycling procedures

= Active and intelligent materials and articles
Requlation EC 450/2009: sets requirements for safe use and
authorisation scheme

= Plastics
Regulation EU 10/2011: sets the rules for plastic food contact
materials

Z Fraunhofer
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Current state of legislation in the European Union (EU)
EU Regulation 10/2011 on plastics FCM b

= \What rules does the Requlation set?

« European Union List of authorised monomers and additives for
use in plastics manufacture (995 substances listed the EU
Commission FCM database: https:/webgate.ec.europa.eussanco_foods/
main/?event=substances.search&substances.pagination=1)

+ Restrictions and specifications for authorised substances
including specific migration limits

* Rules on non-intentionally added substances (NIAS) i.e.
impurities and reaction products

+ Overall migration limit (10 mg/dm?)

* Rules on compliance especially migration testing, listing
simulants, testing (t, T) conditions

* The concept of functional barrier

 Authorisation for nano-materials before use

+ Declaration of compliance and supporting documentation.

Z Fraunhofer
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Current state of legislation in the European Union (EU)
EU Regulation 10/2011 on plastics FCM Q

= \What does the Regulation cover?
* Printed or coated plastic materials and articles
* Printed or coated plastic multi-layer materials and articles held
together by adhesives or other
* Plastic layers or coatings forming gaskets in caps and closures
* Plastic layers in multi-material, multi-layer materials and articles

= Five amendments so far

« EU Regulation 321/2011: bans the use of Bishenol A in plastic
infant feeding bottles.

« EU Regulations 1282/2011, 1183/2012, 202/2014, 174/2015:
adding new substances, amending restrictions and specifications
of already authorised substances in the Union list, corrections

+ 6t Amendment is expected shortly

Z Fraunhofer
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Migration & compliance testing incl. screening methods

The key question

How can | get
- quickly,

Packaging | FOO‘d",.

7 ? ! - .~ -reliably and
a2 oo, - at affordable costs
a2 2 'C-Fobd,t ~~+  the concentration of
e N .7 : the migrant in food
Diffusion Partitioning  Diffusion

Z Fraunhofer
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Experimental migration/compliance testing

Samples

‘ Migration test
30d @ 40°C
10d @ 60°

Result (from GC measurement)

This is time and costs consuming! NI Migrant -
- SML exceeded?

v

= We offer more economic &
rapid alternatives:
- Screening tests
- Migration modelling

et MmN vy | T 1 DO

Z Fraunhofer
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Compliance of Packaging Materials
Analytical Equipment

® Extraction techniques: headspace, solvent
extracts, purge&trap, thermo-desportion, ASE,
SPE, SPME

¥ State-of-the-art instrumental equipement:
GC und HPLC with various detector systems, MS,
low and high resolution, coupled techniques:
GC/MS, HPLC/MS, MS/MS, AAS, XRF, 1 and 2
dimensional GC/MS/olfactometry, aroma extract
dilution analysis (AEDA), Field flow fractionation

® Labs for trace and ultra-trace analysis

® Sensory analysis laboratory: panel & GC-
sniffing, Quantitative determination of trace
amounts of odorants (stable isotope
dilution analysis)

Z Fraunhofer
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Case example: Acetaldehyde (AA) scavenger
anthranilamide (AAA) used in PET water bottles

Chemical reaction:

AAA ° AAAAA °

AA is sensorially active in bottled water and
can be unpleasantly tasted by the consumer
at concentrations in the low ppb range !!

AAA (FCM no. 164) is listed in
EU Regulation 10/2011 with
SML = 50 ppb (ug/kg)

Z Fraunhofer
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Migration modeling of AAA from PET bottle into water
at room temperature up to 1 year

Assumption:
typical AAA %0
use level in 400 1
PET: 500 ppm 350

Conservative Migration Model

(current generally recognised model)

Migration [pphl
g U

g

Validation of
WELLE model by %]
migration testing 50

SML = 50 ppb WELLE model (realistic)

for 10d@40°C 0 i , -
1] 50 100 150 200 250 300 350 400
Predicted: 21 ppb Time [days]
Measured: 17 ppb
Zi Fraunhofer

144

Non intentionally added substances (NIAS) in FCM

= \What are non-intentionally added substances (NIAS)?

* impurities of substances used

* reaction intermediates formed during the polymerisation process
+ decomposition or reaction products

— can occur in the final product.

— are exempted from the authorisation and

3
inclusion in the positive list of EU Regulation 10/209%

compliance
. - - - . evaluation
— in accordance with internationally recognised
scientific principles on risk assessment (Article 19) -

Z Fraunhofer
vy
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Non intentionally added substances (NIAS) in FCM

Examples of gas chromatogram obtained
from PET bottles drawn from the market
with NIAS :

Chemical structures:

in blue: PET polymer based,

in red: additives or masterbatches,

in green: substances from the beverages

Migration tosts

! MLI\J‘“J‘“*‘ et e e e s

Franz, R. Welle, F. Investigation of non-intentionally added substances (NIAS) in PET bottles and closures.
Poster presentation at the 4th international Symposium on Food Packaging, 19-21 November 2008, Prague

Z Fraunhofer
vy

Non intentionally added substances (NIAS) in FCM

= Approaches for the risk assessment of NIAS

+ Case-by-case approach considering available toxicological
information and the migration level

+  The “classical” migration cateqgories:
— Migration < 0.05 mg/kg
— Migration 0.05 - 5 mg/kg
— Migration 5 - 60 mg/kg
— "no detectable migration” < 10 pg/kg (10 ppb)

+ Toxicological assessment can be based on:

— Threshold of Toxicological Concern (TTC) complisne

evaluation

— Computational methods (SARs, QSARs) re
- Read aCross e igpration tasts

— Margin of Exposure (MOE) Concept

Z Fraunhofer
vy
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Compliance & safety assessment of migration test results

= Compliance with compositional requirements
All used monomers and additives must be listed (‘Positive list’) of EU
Plastics Regulation 10/2011

= Compliance with limitations given in Regulation 10/2011
+ Overall migration limit (OML)
+ Maximum permitted quantity in the material (QM)
+ Specific migration limit (SML)
— Calculation of 100 % migration,
— Migration modelling
— Experimental migration measurements

= Case-by-case assessment of NIAS and other

non-evaluated substances O 0
In accordance with internationally recognised S
scientific principles on risk assessment (Article 19)

Z Fraunhofer

1’4 4

Compliance of Packaging Materials

Permeation Measurements

Barrier properties to avoid loss of flavours and to protect against contamination
from external chemicals

Z Fraunhofer
vy
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Migration potential of nanoparticles in polymer
nanocomposites

Examples for nanomaterials in LDPE
+ Titanium nitride

+ Silver nanoparticles

+ Intercalated organomodified clay

!

~ Fraunhofer
vy

Regulatory situation of nanomaterials in EU

* EU Recommendation on the definition of a nanomaterial (2011/696/EU):

« A natural, incidental or manufactured material containing particles, in
an unbound state or as an aggregate or as an agglomerate and where,
for 50 % or more of the particles in the number size distribution, one
or more external dimensions is in the size range 1 nm - 100 nm.

* All nanomaterials need to be approved as such on a case by case basis
(listing in EU Plastics Regulation 10/2011 without specification as
nanomaterial is not sufficient!)

* Actually approved nanomaterials as additives in food contact plastics:
« Synthetic Amorphous Silica
« Carbon Black
* Titanium nitride (reheat additive for PET)

« Butadiene-Acrylate-Methacrylate-Styrene-copolymers (impact modifiers
in PVQ)

Z Fraunhofer
VY

&9




Migration of nanomaterials from food contact plastics?

* Studies of Fraunhofer IVV showed experimentally:

* Nanoparticles completely incorporated into plastics do not migrate into
food simulants (carbon black, synthetic amorphous silica, nano clay,
titanium nitride and others) at detection limits of 0.02 — 25 pg/dm?.

+ Silver nanoparticles showed migration of ionic silver (intentionally used
for antimicrobial effect), but not of silver particles.

* Theoretical considerations (migration modeling) strongly underpin the
assumption that nanoparticles are immobilised when fully incorporated in
food contact plastics (no direct contact):

- Particles larger than 3 — 5 nm diameter cannot migrate out of a plastic
matrix.

* Our publications related to nanoparticle migration:

s Bott ), Stérmer A, and Franz R., 2014. In: Chemistry of Food and Food Contact Materials: From production to
plate. Benvenuto M A, et al. (eds): ACS Symposium Series 1159, American Chemical Society, Washington DC,
US. doi:10.1021/bk-2014-1159.ch005

* Bott, J., A. Stormer and R. Franz (2014). Food Additives & Contaminants: Part A 31(10): 1769-1782.

* Bott, J.,, A. Stérmer and R. Franz (2014). Food Packaging and Shelf Life 2(2): 73-80.

Z Fraunhofer
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Analysis and identification of off-odours and off-smells

\|

~ Fraunhofer
vy
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Sensory quality of packaging materials and off-odours

\/=\/ﬁ\,., \)\/\coon

Off-odour formation from:

» plastic-like
Irradiation
Light exposure
Maxy Temperature
pungent ' — metallic = Polypropylene control

= Polypropylene vy irradiated

Z Fraunhofer
vy

Case examples - a complex formation of an extremely
active off-odour (,Cat Piss’)

GC-Sniffing as a
suitable tool for
identification of the
cause of the off-
odour

Separation and
identification of off-
odours via physical
and phsiological
detectors

Z Fraunhofer
vy
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Case examples - a complex formation of an extremely

active off-odour (,Cat Piss’)

[|—mesityloxide

"‘\‘\\‘o

SH

catty odour
extracted from ham

Clarification

via GC sniffing

e
i i 1 1 1 L 1 L 1
0.00 2.00 4.00 6,00 8.00 10.00 12.00 14.00 16.00
min

Figure 2. FID gas chromatogram of the reaction mixture resulting from mesityl oxide and hydrogen sulphide and the
obsarved range of retention times, for the extracted odour given off the ham, Column. 25-m Carbawax 20M with 0.32 mm 1.d
and 0.25 um film thickness. Column temperature: programmed at 5°C min ' from 50 to 180°C_ injector temperature 200°C
Detector (FID) emperature: 200°C. Carrier gas: helium at 8.7 psi column prassure

Z Fraunhofer
Y

Case examples - a complex formation of an extremely

active off-odour (,Cat Piss’)

RS T

printed

Substance migrates

from print layer

across the PA layer during
cooking into the PE layer, there ....

PAflonomer- -
laminate

Complex
mechanism causes
an off-odour
with an extremely
low odour
thresholds

(in the sub ppt range)

Hamas
H,S - source

Iunbn;éi'-layer

happens chemical

water elimination which gives
mesityloxide, and which
migrates into the ham, where....

Mesityloxide reacts
with hydrogen sulfide
from proteins (cystein)
to yield ,CatPiss’

4 - Methyl - 4 - mercapto -
pentane - 2 - one

Figure 13-5: Formation mechanism of the off-odor-compound,

Z Fraunhofer

13 4

92




Fraunhofer IVV

Thank you for your attention!

\

=

Z Fraunhofer
vy
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Dr. Carolin Hauser [Quality and Safety - Part 2]
Quality enhancement and shelf-life prolongation of food
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[Quality and Safety - Part 2]
Quality enhancement and shelf-life prolongation of food

Dr. Carolin Hauser

According to the latest WHO report on Global Food Losses and Food Waste about 30 billion tons of
Food get lost or wasted globally each year. Preserving quality and prolonging the shelf-life of food is
therefore a key issue in order to decrease the global food losses. But quality decay differs from food
product to food product. Quality losses can be caused by physical, chemical and microbiological
reactions. The most typical physical quality reaction is water loss of fresh and fresh-cut produce.
Edible coating is an innovative technology, which is able to decrease the water loss of fresh-cut
produce while bringing also other advantages like incorporation of antimicrobials or antioxidants. But
also the technology of producing the food can influence the physical quality drastically. This will be

shown on chocolate technology.

Chemical quality of food is mainly influenced by oxygen and light. Consequently, it is crucial to
know the specific oxygen tolerance of the packaged product in order to find the perfect packaging

and storage solution to preserve its quality as long as possible.

Among the typical quality losses, microbiological reactions can not only cause quality decay, but may
also lead to food related illnesses and outbreaks. In contrast, consumers’ demands for naturally and
fresh products have been risen continuously. Innovative technologies such as antimicrobial packaging

and the potential of natural antimicrobials will be presented.

97



Quality enhancement and shelf-life

prolongation of food

Dr. Carolin Hauser

Head of Business Field Food

November 2015

Z Fraunhofer
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decay
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Our Business Fields

3
Z Fraunhofer
\"AY
Our Business Fields
|
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4
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Outline

1. Physical Quality

B Chocolate techology
B Edible coating

2. Chemical quality

B Oxygen
® Light

3. Microbiological quality

B Natural antimicrobials

B Antimicrobial packaging

B Chitosan

Antimicrobial
packaging

Edible Coating

Z Fraunhofer

v
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Desiccation

Weight loss

Physical

Fat bloom

quality

Z Fraunhofer
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Physical Quality

Fat Bloom of Chocolate

Fat migration of products enrobed with chocolate

Problem .

95 % of practical problems arise from fat bloom,
but 95 % of research is on polymorphic transformation

Influenced by:

® Tempering degree,
m oil release of the filling and the chocolate, AL
® milk fat content,

® production technique

plant oil

chocolate

Plant oils from bakery
products, fillings, nougats
or nuts

7

-
~ Fraunhofer
. \"A"

Physical Quality

Fat Bloom of Chocolate

Fat migration of products enrobed with chocolate

Investigations
® Adjustment of tempering conditions to altered

crystallization kinetics

Analytical control of fresh products by TD-NMR,
DSC, texture measurments, HPLC, SFC

Mixing behavior of bakery and filling fats with
milk fat and cocoa butter

Tank

Fresh

chocolate at
begin of
production

iiiIIIIIII

Chocolate

Chemical mechanisms, kinetics (diffusion
equation)

Mobile oil and oil binding capacity

with oil

Perfect quality of the chocolate
coating at the begin

Decreasing resistance of the coating
against fat migration and fat bloom due
to softer chocolates

8

FORSCH

NDUSTRIE

UNG

Z Fraunhofer
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Physical Quality

Chocolate technical centre for smallscale production (3-5 kg)

Rl BN S

Roasting of cocoa and oil seeds

Conching
Tempering
Molding (Cold forming, one-shot)

Mixing and grinding with roller or ball mills

Manufacturing of filled chocolate products by \ 2 ,
cold forming or one-shot technology

Z Fraunhofer

v

Physical Quality
Weight loss of fresh-cut produce

Z Fraunhofer

v
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Physical Quality
Edible Coating

Materials:
B Proteins (whey, casein, soy, gluten)

B Carbohydrates (alginate, chitosan,
methylcellulose, starch)

B Waxes and oils

-> food components

Demands:
B Lower water loss

B Specific barrier (oxygen, water
vapor, CO,)

B Mechanical stability
B Color stability
B No sensorial impact

B Addition of antimicrobials,
antioxidants, etc.

-> depending on the needs
of the individual product

11
N Z Fraunhofer
Vv
Physical Quality 2
Edible Coating — weight loss effect FRESH| » A
COAT
Py
4
3,5
3
a5 :
_g 7) 7 T T
B1,5 I
()]
2
O i T T T
1 2 5 6 7 8 *“"’“““‘";wm
Days @ b
B without coating  ®alginate coating
by the German Bundestag 12
Z Fraunhofer

v
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Physical Quality

"Y
5 4%
Edible Coating — incorporation of antimicrobials FRESH
COAT i =
1,00E+09 -
1,00E+08
1,00E407 -+
1,00E406 -
©1,00E405 ' |
S i
€ 1,00E+04
1,00E+03
1,00E+02
1,00E401 - ' !
1,00E400 - . . e g .
0 2 4 6 approx. 2d 8 summdw
storage time (d) =33 % Fodarl Wiy
S ety

=t==\\vithout coating

------

=m=alginate + hop extract

detection limit

on the basis of a decision
by the German Bundestag

13
e Z Fraunhofer
v
Off-odour
Chemical Vitamin loss
quality
Greying
Rancidity
14
Zi Fraunhofer
v
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Chemical Quality
Influence of Oxygen and Light

Background

B Plastic instead of glass ;
" Transparent packaging .
¥ Residual oxygen contents in the packaging

|

Food with photo-sensitizers

Quality changes

" Autoxidation

®  Photo-oxidation (e.g. photo-sensitizer)
» Color changes, rancidity, off-flavor etc.

T Quaghssoha e
e

15

Z Fraunhofer
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Chemical Quality
Influence of Oxygen and Light

Research and know-how on the following topics:

® Damages by oxygen (e.qg. lipid oxidation, photo-oxidation, off-flavor)
® Required oxygen (e.g. respiration, microbiological risks, color)

®  Oxygen sources (e.g. headspace, permeation, dissolved oxygen)

[

Oxygen tolerance (e.g. determination of food sensitivity)

Needle size Oxygen sensor

prrras

16

Zi Fraunhofer
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Chemical Quality

Influence of oxygen and light

Technology transfer to industry for the evaluation of

| UV-filters
B Lightning concepts
B Antioxidants

B Packaging concepts (oxygen barrier)

B Modified Atmosphere Packaging

B Oxygen Scavenger

Oxygen tolerance:
1.6 mg O,/100g

LED illumination of sausage

1

7 | - red
1 green

I blue
[ white

0 05 2

Headspace oxygen [%]

Z Fraunhofer
v
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Chemical Quality

Influence of oxygen and light — use of oxygen scavenger

Z Fraunhofer
vw
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Contaminations

Microbial
quality

Contaminations

EHEC outbreak 2011 Germany:
4000 illnesses, 53 deaths

19

Z

Fraunhofer
v

Microbiological Quality
Food-borne zoonoses: outbreaks EU 2008-2013

Bakery products,
26%

Tap water, 1.1%

Bovine meat and
products thereof,
36%

Buffet meals, 3.7%

Sweets and
chocolate, 4.2%

Vegetables and juices
and other products
thereof, 4 4%

Eggs and egg
products

Other foodstuffs

Broiler meat (Gallus
gallus) and products
thereof

Other or mixed meat
and products thereof

Crustaceans,
shelifish, molluscs
and products thereof Mixed food

Pig meat and Fish and fish products

products thereof

N=839

Z Fraunhofer
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Microbial Quality

How to address food safety issues in regard of consumer preferences?

grocery shopping:
consumer preferences
“Often = Alwaye - consumer preferences
percentage of interviewed people " convenience

00% 25.0% 50.0% .
_ = clean labeling

44%

Without preservatives = minimal processing:

= washed
Without artificial additi iy
outartmncial IVES - Cu.t
30% * mixed
Without flavor enhancers
= packed

- Increasing demands towards producers:

natural flavors only
= food safety
= shelf life

Statista: 2015

No genetic engineering

21

Z Fraunhofer
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Microbial Quality

Consumer trends — FRESH natural antimicrobials

22

Z Fraunhofer
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Microbial Quality Single components

Classes of , natural antimicrobials” * volatile
* non-volatile

Essential oils
= mixtures
= volatile

Preservatives
* single components [
= non-volatile

Plant extracts
* mixtures

* non-volatile

* +solvent

23

Z Fraunhofer
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Microbial Quality

Screening volatile plant extracts for antimicrobial activity

= in vitro screening vs. food associated bacteria (
— 184 volatile extracts from 86 plant varieties S

) i X i e \ -
> vs. Escherichia coli + Staphylococcus aureus oA e

— Screening steps:
minimal inhibitory concentration (MIC) (bacteriostatic)
2. minimal bacteriocidal concentration (MBC)
= in liquid growth media (solution vs. emulsion vs. dispersion)

— across the vapor phase

> Identification of active compounds

- |dentification of antibacterial mode of action

24

Z Fraunhofer
vv
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Microbial Quality

Screening results

= 17 extracts with MIC < 200 pg/ml vs. Escherichia coli
= 35 extracts with MIC < 200 pg/ml vs. Staphylococcus aureus

Selected screening results: minimal inhibitory concentration [ug/ml]

trivial name botanical name Ex1 | Ex2 | Ex3 | Ex1 | Ex2 | Ex3

Citronella Cymbopogon nardus 200 200

Cinnamon bark Cinnamomum zeylanicum 200 . 200

Litsea Litsea cubeba 200 200 2000 <50 100

Neem tree Azadirachta indica 1600 <50

Palmrose Cymbopogon martini 200 200 200

/-no inhibition; blank space — not available;

25

® Fraunhofer IVV % FraunhOfer
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Microbial Quality ;

Natural Antimicrobials— Hop extract

Objective:

® Natural antimicrobial agent for prolonging the
shelf life of fresh produce (Clean labelling)

Procedure

® Determination of the antimicrobial
efficiency of various hop extracts

® Investigation of influence parameters
(pH-value, synergism effects)

® Evaluation of sensory properties

® Development of application methods
for fresh products and covenience
food (e.g. fresh produce, meat)

26
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Microbial Quality

Natural Antimicrobials - Hop extract

Results:

; ; Hop extracts on meat in marinade
¥ Effective against B

gram+ bacteria (e.g. listeria)

" Application in marinaded
pork: Increased the shelf life
by 50%

(o) reference, total aerobic, mesophillic cell count,

log,o N [cfu/g]

(A) hop containing marinade (5000 ppm), total
aerobic, mesophillic cell count,

(e) reference, L. monocytogenes,

(A) hop containing marinade (5000 ppm), L.

monocytogenes
‘ -
0 T T T T T T T
0 2 4 6 8 10 12 14
Time (d) 27
W ALLIANZ =
A wuse = Fraunhofer
FORSCHUNG v
Microbial Quality

Antimicrobial packaging - development

- Qua

itro activity

elease activity
- Release profile / migration

corporation technique
- Packaging technology
olymer compatibility

- Packaging technology

Antimicrobial compound

- Efficiency testing of the compounds
against targeted microorganisms

- Volatile / non-volatile compounds

Food aPpIication

Ity assessment

- Legal assessment

- Targeted bacteria
adapted methods

28
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Microbial Quality

Antimicrobial packaging — prooves of concept

1e+8
o
1e+6
1e+5 4
I+
s 3
g 1e+4 o
» 1e+3 4 1e+10
1e+9 1 = E_coli DSM1576
1e+2 4 ~ detection fimit (DL)
te+8 4
1e+1 4 .
1e+0 : ; ; . - = 1698 - =
0 h Ref 24 h Ref 1% OLE 3%OLE 5% OLE i I
8 1ess I
2
1e+d
1e+3
1e+2
o oL
1e+1
1e+0 T T T T T T T T
Oh 24h 1% 15% 2% 5% 0% free
AITC inthe coating [%,, nel
29
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Microbial Quality
. TesT T [ E coll DSM 1576
Chltosan e — detection limit
ie+5 o
Teed o
1e+3
1e+2 - I
1e+1 o
1e+0 T T T T T
Oh Ref 24 h Ref PET + Chitosan PF + Chitosan PE + Chitosan
-
1,00E+10
1,00E+09
1,00£4+08 iz,dqg
1,00£407 -
= [nherent antimicrobial 1,00E+06
efficiency 1,008+05
* Thin layer -> low amounts HooEr0s
H 1,00E+03
* Already used as dietary '
1,00E+02
supplement Loomsor
* Edible and packaging o 2 4 & 8 10
coati n g == Control ~@—Chitosan washed  Days
30
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Conclusions

Quality enhancement and shelf-life prolongation

B Quality and food safety should be the given highest priority
B Quality decay can be caused by different reactions

B Understanding the mechanisms is crucial

B Food Technologies and Food Packaging can enhance quality
B Method should be appropriate for the specific product

B Qualified development and assessment is necessary

Hansik: you are what you eat

31
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Any questions?

L —

= Fraunhofer
VvV

Dr. Carolin Hauser
Business Field Food

Contact:
phone: +49 8161 491-626
email: carolin.hauser@ivv.fraunhofer.de

Z Fraunhofer
v
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Christian Zacherl [Functional Foods - Part 2]

Tailor-made functional ingredients for foods — extraction,
fractionation and modification
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[Functional Foods - Part 2]
Tailor-made functional Ingredients for foods — extraction, fractionation and

modification

In the second talk, the research and development in the area of functional ingredients will be
presented: In this technology field, we recover ingredients from plant raw materials for a variety of
applications in foods, animal feeds, and cosmetics. Depending on the specifications that are required
we modify the ingredients using physical, chemical, and biochemical methods. We thus realize
products having customized technological or physiological properties, for example for improving
texture, optimizing the nutritional value, or achieving a bioactive effect. The raw materials we use are
residual plant materials after oil recovery, from the fruit and vegetable processing industry, and from
the processing of oil seeds and protein seeds (e.g. press cake after the recovery of sunflower oil,
rapeseed oil, and linseed oil). In addition, leguminous plants (e.g. lupins, peas, soya, and beans),
cereals (e.g. rice and spelt), and pseudo-cereals (e.g. buckwheat and amaranth) are also suitable raw
materials. We focus on using the recovered proteins, dietary fibers, and secondary plant materials, in

particular phenolic components and carotenoids

Christian Zacherl
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Tailor-made functional Ingredients for foods -

extraction, fractionation and modification

Christian Zacherl
Head of Business Field Food

November 2015
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Functional Ingredients

Development of Tailor-made Food Ingredients

Plant-based raw materials Extraction High-quality ingredients for
= Qil and protein crops _> = Food
= By-products of fruit and Modification * Feed

vegetable processing = Cosmetics

Residues from fruit and
vegetable processing

Proteins,

‘ g ) dietary fibres,
Oilseeds, proteinseeds, grains: secondary plant

Lupin, sunflower, soy, metabolites
rapeseed, linseed, rice

Z Fraunhofer

v
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Functional Ingredients

Development of Tailor-made Food Ingredients

Plant-based raw materials Extraction High-quality ingredients for
= Oil and protein crops _’ * Food
= By-products of fruit and Modification * Feed

vegetable processing = Cosmetics

® Dehulling, flaking, milling

® Fractionation
® Separation, filtration
® Drying

® Modification

®  Characterisation

Ultrafiltration

Explosion-protected extraction plant

Z Fraunhofer
v

Functional Ingredients
Application in Food

» e.g. Replacement of animal protein (egg, milk) and soy

Egg-free
mayonnaise

Egg-free
marshmallows

P e.g. Replacement of fat

Fillings
for chocolate

Sausage for spreading

Z Fraunhofer
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German Future Prize 2014
Healthy and delicious lupine proteins

- Awarded:

Dr. Stephanie Mittermaier and
Dr.-Ing. habil. Peter Eisner
Fraunhofer Institute for Process
Engineering and Packaging IVV,
Freising

Dipl.-Ing. agr. Katrin Petersen
Prolupin GmbH

er. nat. Stephanie Mittermaier,
Dr.-Ing. habil. Peter Eisner, Dipl.-Ing. agr. Katrin Petersen,

© Deutscher Zukunftspreis/Ansgar Pudenz

Lupines can constitute an important nutritional element of the human diet.
Scientists have found a way to process lupine seeds so they can be turned
into protein-rich, flavor-neutral ingredients for foods.

-

Zi Fraunhofer
v
Functional Ingredients
Health Benefits
Cholesterol-lowering effects of lupin protein
Impact of lupin protein on the lipid metabolism in humans
2.5
Clinical trial S
¥ 43 test persons, 6 weeks 223‘:
" Diet contained 35 g lupin protein OR 35g 23
casein per day 3 2.25 1 — @ Beginn
. . é 272 1 M Mach 6 Wochen
" Determination of wanted HDL cholesterol -
and ¥
unwanted LDL-cholesterol 1T
2,05 —
P The relation of LDL:HDL improved 2
significantly after consuming a diet 1.95 .
Casein Lupine

rICh In I u p In prOtEI n. WeiBe et al (2009) Lupin protein compared to casein lowers the LDL-
cholesterol to HDL-cholesterol-ratio of hypocholesterolemic adults

Eur J Nutr, published online Aug 13% 2009

InnoNet-Projekt Lupine, 16IN0390, cooperation with the University of Halle

F * Bundesministerium
P 2% | fir Wirtschaft =
. gl und Technologie ~ Fraunhofer
v wv
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Functional Ingredients

Pure vegetable ice cream

Lupin ice cream with lupin protein
and rape seed oil

B without lactose
®  free of cholesterol

® rich in unsaturated

fatty acids S
® very creamy — | | M HALLO WIR

healthy enjoyment 3 SIND DIE

UMD WIR SIND
DANN MAL WEC

AUS LUPINESSE WIRD MADE WITH LUVE

AB DEM 26.05. IM HANDEL

Quelle: https://www.facebook.com/madewithluve?fref=ts

Z Fraunhofer
'A")

Functional Ingredients

Lupin Ice Cream

M 1989-2004: Lupin technology
development founded by government
(BMBF, EU)

B 2004: Idea for ice-cream developed at
Fraunhofer
together with a partner

B Development funded by an internal
Fraunhofer project (2005-2008)

B 2009: founding a ‘
Fraunhofer Spin-off -
company PRO L‘/W\

B 2010: Installing the Production

Lupin Ice-Cream B May 2011: Entering the Supermarkets

L
~ Fraunhofer
vv
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lce cream — properties lupin protein

) Ovalbumin Ovomucin
egg white | we = - >
gelatin | o l; ¥
milk fractions a,B.y,x Casein, o Lactalbumin
4 .
- o & Conglutin pConglutin aConglutin
|Up|h fractions A = = — —
. Albumin Cruziferin
canola fractions |g .
. 25 7S 1S 158
soy fractions [ ] [ S
. Albumin Vicilin Convicilin Legumin
pea fractions ] = — - —
0 100000 200000 300000 400000 500000 600000

Molecular weight [Da]

|

Z Fraunhofer
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Functional Ingredients - integrated utilization

Development of world population until 2050

Population in billions
12 11,9 constant growing

- 10,8 max. projection
2025:8 b

2011: 7 bn.

9,2 medium projection

1,8lowest projection

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Grafik: Deutsche Stiftung Weltbevolkerung
Quelle: Vereinte Nationen, World Population Prospects: The 2006 Revision, 2007.

|

= Fraunhofer
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Functional Ingredients — integrated utilization

The Competition of Food and Energy

350 140
—o—Corn ﬂ
c 300 -+ -=Crude Qil - 120

; i1 i £
— ©
g 250 100 8
m_ =
g rf ﬁ A 8
S 200 80 o
c wn
= =2
QO 150 60 £
H =
2 5]
g 100 a0 2
— 3
Q. 5]
50 20 =
L
)
-2
0 T T T T T T T T T T T — 0 =
O W O~ N~ ®W W O @ O O = = o~ a

S © o o &6 © © & A A =@ = o

§ 3 § 3 § 3 § 3 5§ = § = &

Indexmundi 2012

Z Fraunhofer
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Functional Ingredients - integrated utilization

Integrated use
of vegetable
raw materials —
simultaneous
food- and
energy-

Production
Bio-Ethanol

Z Fraunhofer
v
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Functional Ingredients - integrated utilization
Integrated use of vegetable raw materials

High valuable food
ingredients

Vegetable raw materials Production

Protein- and Oilseeds

Purifying Technical raw materials

Bio-Energy

Proteins, Fiber Ingredients,
secondary plant metabolites
organic waste

Lupin, Sunflower, Soy,
Rapeseed, Pea, Linseed

Z Fraunhofer

v

Functional Ingredients — integrated utilization
Example: Sunflower kernels — integrated use

Sunflower
Increased Kernels
added value
through total De-hulling Energy

use of all l

fractions :
Pressing
:

Food use or
raw material

De-oiling for Bio-fuels =
Extraction » Fractionising

I }

Fermentation,

Food and Feed

Ingredients

Milling

Sieving

Protein
Concentrate

Formulation

Bio-Ethanol

Additive for
Food, Cosmetics
Fuels

Z Fraunhofer

vy
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Functional Ingredients — integrated utilization
Example: Sunflower kernels — integrated use

Increase in Added Value

Increased
added value from
through total ray
use of all 1.000 €/ha
fractions
'tO d use or
material
Bio-fuels
1.900 €/ha
l l Fermentation,
‘ Milling Formulation Bio-Ethanol
e _ Sieving
= i Protein © e or
Antioxidant i
Food and Feed iz:;;‘, Cosmetics w

Ingredients

Z Fraunhofer
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Functional Ingredients
Application in Feed: Aquaculture, Pet Food

® Increasing the protein content / nutritional value
® Reducing unwanted components

® Replacing fish meal / animal meal by plant
proteins

® New process for incorporating high levels of fat
in pet food

® Testing the processability of new feed
formulations

Zi Fraunhofer
vv
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Functional Ingredients

How aquaculture growth influences the feed composition?

Global Aquaculture Production with fishmaal

2nd s of usage 2000-2010 fomnes millens] = Fairly constant consumption
35.0 3.50
il el of fish meal and oil despite
) 250 increasing fish production in
00 2.00— fod Aquacuiture
- = Fanmasiin qucatars aquaculture

L Figh Oil in aquaculure

10.0 1.00
5.0 0.50
0.0 0.00 Data FAQ & IFFO

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

100%
Vegetable oils
90%
0% Fisholl
7o = Increasing fish meal and oil
B0
sore | p substitution due to plant
- e
- alternatives
200
Fish meal
10%
0%

1995 2005 2010
o  Fish meal L] Nielnatlve proteins and starch = Fishoil = Vegetable oils
-—
Data FAO & IFFO ~ Fraunhofer
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Functional Ingredients

Development of fish feed with reduced amounts of fish meal using
side streams from oil processing

Linseed cake Rape seed cake Sunflower cake Soy press cake

| & F

.g‘o

e
Challenges:
Fish feed production: Feeding trials:
+ Adaptaion of technological +  Growth performance ;
processing parameters indicators of the novel fee g
+ Adjusment of physical properties +  Fish meat quality

of the fish feed pellets

== pthle !i! LFL = Fraunhofer

rrrrrrrr wv
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Rape cake

Sunflower

Functional Ingredients

Protein Fibre Ash
[g/100 g TS] [9/100 g TS] [g/100 g TS]
(29,4) > 38,4 (19,7) > 10,7 6,9

) (31,8) > 19,5 6,3

X

©

v

Protein digestibility [%]

native fibre-degraded
Rape seed cake 42,3 86,6
Sunflower cake 25,0 81,0

[
tb!e Y% LfL  ZZ Fraunhofer

Fincherni
WA

i Fraunhofer

W\

Zi Fraunhofer

v
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S A =2 [I{7| A - Part 2 ]
= Sot ME2| 7FX| 2

Dr. Klaus Noller [Food Packaging - Part 2 ]
Enhanced product protection — active packaging
functions for improved product protection
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FOODPOLIS

KOREA NATIONAL FOOD CLUSTER

[O{Z|%&! - Part 2 ]
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FOODPOLIS

KOREA NATIONAL FOOD CLUSTER

[Food Packaging - Part 2 ]
Enhanced Product Protection - Active Packaging Functions for improved Product

Protection

First oxygen scavengers, their main applications in industry, the technology to produce them, their
properties and the effects on the shelf life and food product quality by avoiding of oxidation will be
presented. At the example of a finished project with an industrial partner, typical questions, tasks and
the solution will be shown.

Humidity regulation and absorption has become an important topic in science and for industrial
applications. The technology to increase capacities, investigations on the working mechanisms and
their time dependence have been performed.

Finally research on light absorption to protect food products from the negative influence of UV light
are shown and how these absorbers influence the product quality.

A short last chapter about an example of a biopolymer based barrier coating is attached.

Klaus Noller
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Enhanced Product Protection

Active Packaging Functions for improved
Product Protection

Klaus Noller, Sven Sangerlaub,
Doris Gibis, Klaus Rieblinger

Seoul, 17t of November 2015

\

~ Fraunhofer
v

Oxygen scavengers
Humidity regulation and absorption
UV- and light-absorption

Barrier coating based on whey

\

~ Fraunhofer
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Oxygen Scavenger

© Fraunhofer IV

Z Fraunhofer

v

Why we need oxygen scavengers?

autoxidation

photooxidation

© Fraunhofer IVV

L
Z Fraunhofer
[\AY)
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Oxygen scavengers — state of the art
sachets,

labels

closures,
PET-bottles

films,

trays

=
=
# Fraunhofer
Ivv
Oxyqen-slcavenger
Oxygen Scavenging Packaging Mean Oxygen Scavenging Packaging Aid
PET-bottle ' Film/Tray/Tube *" Container  Label®  Sachet®  Closure ™ — seal® c:';':a’r:%,
r 1
. with O-Absorbing One
Menolayer Multilayer SeallCompound ~ Component
o2 1 n Polymer/ . Active Vacuum 9 Fleece
Additive Lacquer Adhesive Additive * Film Powder  Coated Film ¥ Additive ‘
\ , \ ) \ \
c: Cyclo- . 0 3 .
+ e Gallic- f: Cyclohexenyl- i- Iron [‘ 1 - *
. h - . : .
a MXD6 Ci’:;‘rmer' Acid® Copolymer* Powder I: Palladium m: Sulfite o: Palladium
R g . + Jj: Glucose+Glucose- 5 B .
b: PET-Copolyester d- Natural Antioxidants™ g: Iron Powder’ oxidase” n: Ascorbic Acid
substances h: Titanium Dioxide” k: Dithionit
Activation ~ for beverage packagings
1 heat during extrusion * UV-light/light
# self-activated (humidity) + humidity of food
1 Ha-gassing

Z Fraunhofer
v
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Oxygen scavengers — some reactions
Fe +% 0,+H,0 - Fe(OH),
2 Fe(OH), + Y2 O, + H,0 — 2 Fe(OH);

Na,SO; + %2 O, > Na,SO,

N\JL g O,m,,.;k

Source: T. Ching, Tasteless Oxygen Scavenging Polymers, 2000

Z Fraunhofer

Ivv

OXxygen scavengers — some reactions

Polyoctenamer is a polymer with unique properties:

Polyoctenamer
M), (CH,),
= Mw ~120.000
(CH)g CH,),
7 " To -65°C
=, - — -
(CHy), (CH, Crystallinity at 23 °C 30 %
'(H\”‘_ /‘CH’J‘ Melting point B4 °C
~ 50 % large rings Thermal decomp. ~ 300 °C

40 ym Polyamide Layer (passive barrier)

70 ym 85 % PE and 15 % Polyoctenamer

Evonik Industries AG

Z Fraunhofer

Vv
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Shelf . ..
Category life Sensorial effect Use of additives
Cake & Possible to leave out all additives, incl. acids
i x4 Better taste . . "
=  Pastry and other natural anti-mould ingredients
’ Cheese X2 Better taste, smell and Possible to leave out all additives
texture
| Processed 4 Better color, more natural Reduce nitrite level to minimum
meat look
Nuts 2 Better taste, smell and na.
texture

Tortillas x4

Better taste, smell and
texture

Possible to leave out all additives, incl. acids
and other natural anti-mould ingredients

Coffee X2

Better aroma

n.a.

5 Bread X3

Better taste

Possible to leave out all additives, incl. acids
and other natural anti-mould ingredients

available

*FRESHCARE® is safe and in line with USA & EU
- Use of FRESHCARE® on food products is FDA approved, EU Reg.1935/2004 certificates

—— - FRESHCARE® is non-toxic, is taste- and odourless

regulations

Z Fraunhofer

Ivv
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Snack; Packaging

packaging material:
headspace:
inner area:
sealing layer width:

residual O,-concentration:
O,-permeation, sealing layers:

O,-diffusion, pinhole d=10 pm: 7,6 mg O,/ 182 days

Al-laminate
180 ¢cm3
250 cm?2

T mm

<1%~15mgo0,
0,25 mg O,/ 182 days

Main oxygen impact caused by pinholes

Z Fraunhofer
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Snack; Oxygen scavenger film - iron based

adhesive
PET (12 pum)
@ (] (]
e o 0. " o. = .o. e 7 '
. e o Scavenger (40 pm) ‘ v P

Cp - >
PE (7 pm) | ———....&

sealing layer

Scavenger layer: 50 % w/w SHELFPLUS®O, 2400 + 50 % w/w PE

= Fraunhofer

vv
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Snack product

w
4]

weight: 50 g

w
o
|

volume: 73 cm3 /

§\~
)

5
3
S
g 20 / it
c
S 15 bread /
o
= /]
210 g 7
2 /" salami
g 5 //

0 Fé______-__

0 20 40 60 80 100

equilibrium humidity [%]

Humidity of snack sufficient to activate O,-scavenger

Z Fraunhofer
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Snack; Activity of scavenger: combination snack/scavenger

Scavenger: Al /Scav. 40 uym /PE 7 pm

1

18 — Empty cell L@
16 -#- Snack product .
14

-4 Oxygen-scavenger film
-®- Oxygen-scavenger film + snack product

[
N

Oxygen partial pressure [mbar]

10
8
6
4
2
0
0 50 100 150 200 250 300
Time [days]

Oxygen scavenger film absorbs O, faster than snack

|

~ Fraunhofer
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Snack; Activity of scavenger: combination snack/scavenger

after 300 days

scavenger scavenger

L
i Fraunhofer
v

Snack; Activity of scavenger: combination snack/scavenger

(2) snack product: K; =(0.021 £0.002) mg (O,) mbar (03)_l day_l
(3) scavenger film K> =(0.066 £0.003) mg (O,) mbar (03)_l day_l
(4) scavenger film and snack product: K3=(0.10240.010) mg (O,) mbar (0,) "' day ™"

Table 5. Hexanal quantified in salami samples and baked bread.

Peak area after storage (300 days)

In package with sealing defect

Peak area of In original Without With
Volatiles Retention time Odour quality fresh sample  package scavenger scavenger
Hexanal 12.5 Green, grassy <1000 3556 4224 <1000
(salami sample)
Hexanal 125 Green, grassy <1000 <1000 <1000 <1000
(baked bread)

Z Fraunhofer
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PET bottles

100
o | NOt activated activated +55°C |
80 /F “  438°C | |
T 70 ! !a‘ | eBC |
< j} 1/ HH
E 60 | &% [ gl
= 50 F X ’ 2
c o
- #a> ¥ =
o 40 |4 1 T *
;‘ 30 | | %Fraunhoflevs
o

20
10 &
0 % T -
0 100 200 300
Time / days

400 500 600

Z Fraunhofer
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Oxygen scavenger

MXD6
'SHELFPLUS'

Oosp™*

‘'ORMOCER®
poly(1,4-butadiene)
‘O2Block®

Gallic acid in PE

absorption capacity
/ mg-g™!

75
25.4 to 86

60 to 100

90
140
> 10 -25
20-50

Z Fraunhofer
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Humidity regulation

Z Fraunhofer
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Water vapour sorption isotherms

I I
«CaCl, 23°C

—  #NaCl, 23°C
—silica gel, 23°C

= a
o N b

Water content /
g H,0 g substance

o N b O O

x‘-—_=
0O 10 20 30 40 50 60 70 80 90 100
Equilibrium relative humidity / %

© Fraunhofer IVW % Fraun hOfer

vv

PP - Nadcl

Active layer must contain cavities to store salt solution

-
iR i Fraunhofer
v
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Humidity regulation: structure of the film

Sangerlaub, S., M. Béhmer, and C. Stramm, Influence of stretching ratio and salt concentration on the porosity of
polypropylene films containing sodium chloride particles. Journal of Applied Polymer Science, 2013. 129(3): p. 1238-
1248.

\

Z Fraunhofer
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NacCl in PP; foamed and oriented; RH

1.0 [©0,06 g/g; 100 % - calculated|
0'9 00,06 9/g; 92 % —calculated
*” 1A 0,06 g/9; 85 % - -calculated]|

I }
0,7 S o

=
c
9
]
)
5
T & 0,6
*E o 0.5
= 04
£ 03 i m m
2 02 §
< e - :
.% Or1 :" A,
2 008 ‘ I
) 20 30 -
time / days
ﬂ — 1 - Zm L . e_D(ZZ’:Zl)ZHZt
Moo n=0 (2n+1)2'n2
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-«-Absorption: 60% RH, 23°C
-w-Desorption: 0 % RH, 23°C
2 E 4
£a
2 AAA / &l
s ;
m -
=210 \ y. A\
5 o,
O 4 ‘ ‘ | K‘ PLA, 300pm, 60% RH, 23°C
0 2 4 6 3 10

Time [days]

\
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UV- and light absorption

=
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UV-light absorption, olive oil

Olive ol
3,00 - N/
\/
2,50 - —R [
c 2,00 - P
(o]
2 1,50 | ®
.
a
8 1,00
(]
0,50 -
0,00 T T T T T 1

200 300 400 500 600 700 800
Wave length [nm]

\

Z Fraunhofer
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UV-light absorption, olive oil

120 -

100 4 x
* ' Without UV filter
«  With UV filter

80 -

60 -

40 - %

Oxygen uptake [mg]

20 +

0 T T T T
0 2 4 6 8
time [days]

Z Fraunhofer
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UV-light absorption, sunflower oil

Absorption

300 350 400 450 500 550 600
Wave length [nm]

Z Fraunhofer
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UV-light absorption, sunflower oil

Sun flower oil

140 -

120 -

100 -

80 -

a6 E Without UV filter
4 With UV filter

40 ~

i M
X
0 i il T

0 10 20 30 40 50 60 70
time [days]

Oxygen uptake [mg]

150 % more shelf life

|

Z Fraunhofer
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Chlorophyll based Light Absorber

100%

80%

60%

Transmissior

40%

20%

0%

300 400 500 600 700 800

=== E 140 Roth &
—— ExtraVergine f
- P

Wellenldnge [nm]

Z Fraunhofer
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Chlorophyll/Riboflavin based Light Absorber

—-—
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Barrier coating based on whey

\
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Barrier by whey @WheyLayer®
10000 -
—_ PE-LD
= L 4 PS
S \ 4
% 1000 1 PE-HD g rr rver @ @ wc
BOPP
,g_. ‘ coc @ ria
""‘E 100
= @ rvcu
I
g; 10 + L 4 {>eas
3 e @ {pean
T
g 1 T vDC <> ‘ WheV‘ayer ’Eelluluse
o O EVOH, 44%
m 0'1 1 ‘ EVOH, 38%<> <> EVOH, 32%
ZU (LcP) <> evon, 27%
e
o 0,01 f 1 1 ‘
0,01 0,1 1 10 100 1000

WVTR at 23°C; 85% RH (g/m?d)

normalized to 100 ym

\
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Barrier by whey

20
»
_ 18 i
ol 20P
z 16
N AWVTR
T - 4
oo
£EE
& =
B
2 2 10
n K g T
B
= 61+

\Ef
= 4
e

l —

0 N

TG: 0 (units/g) TG: 0.1 (units/g) TG: 1 (units/g) TG: 10 (units/g)

Figure 2. Oxygen permeability (OP,¢) at 23 °C and 50% RH for coatings; crosslinking time: 120 min
and WVTR, (g at 23 °C and 85% — 0% RH of the coatings; crosslinking time: 120 min.”?

Schmid, Packag. Technol. Sci. (2014)
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 Fraunhofer
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Barrier by whey

€— increased crosslinking of whey

1v, 01U, 01U, 1U, 0 85%RH
1440 min 1440 min  Omin Omin O 50%RH
1,E+00
= PP/
& 1,E-01 h em® (sTP) - cm
ME ’ cmz = Pa
= —a: 1.0E-14
E o —b: 1.0E-13
= —c: 1.0E-12
nE = —d: 1.0E-11
: —e: 1.0E-10
: —f: 1.0E-09
vy
v —g: 1.0E-08
LES — h: 1.06-07
1,E-10 1,E-09 1,E-08 1,E-07 1,E-06

D, D / cm*s?

Figure 4. Sorption coefficients, diffusion coefficients, effective sorption coefficients, effective diffu-
sion coefficients for protein films (23 °C) and polymers (20-25 °C); data for water vapour; data derived
from Table 5 and Table 3.7

Schmid, Packag. Technol. Sci. (2014)
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