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2uoKeuaoia & Ac@AaA&sia

H aoc@AaA&ia Twv UAIKWV CUOKEUAOIOG TPOPINWY avagEpETal oToV BaBud oTOV OTTOIO
EVA UAIKO TTOU €PXETAI O€ ETTAPN ME TPOPINO OeV ATTEAEUOEPWVEI XNHIKEG OUCIES OE
TTOOOTNTEG TTOU UTTOPOUV va TTPOoKaAEéoouv BAGReg oTnv avBpwrrivn uyeia, dueoa
N JaKPOTTPOBeouA.

AO@aAEiC ouaiec:
- €iTe OeV YeTAvaAoTEUOUV KOBOAOU
- €iTE JETAVAOTEUOUV O€ TTIOAU XaPNAQ €TTiTTeEdA (KATW ATTO TA ETTITPETTITA OPIA)

- €iTE, AKOPN KI AV PETAVOOTEUOUV, OEV £XOUV TOCIKOAOYIKA ONMUAVTIKEG ETTITITWOEIC UE
Baon ta dilaBEoiua TTIOTAUOVIKA dedopEva
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MaOnuaTtikfi TTEPIYPAPL TNG HETAVAOTEUONS (LOpIakn diaxuon)
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2.UYXPOVEC TTPOCEYYIOEIC:

The TTC decision tree (EFSA)

GUIDANCE DOCUMENT

ADOPTED: 24 April 2019
doi: 10.2903/j.efsa.2019.5708

Guidance on the use of the Threshold of Toxicological
Concern approach in food safety assessment

-

@

EAANNIKH BHHOKPATIA
YROYPrEIG ATPOTIKHE

EOET Y

kA

ael efsa B FOCAL POINT

‘ J: EFSA Journal

1. Is the TTC approach applicable? |
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Requires a non-TTC approach J
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N Non-genotoxic considerations
-goto Step4

YES
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2. Are there structural alerts or chemical-specific genotoxicity
data, such as Ames test results, that indicate the chemical has the
potential to be a DNA-reactive mutagenic and/or carcinogenic
substance, based on the weight of evidence?

NO

These steps can be taken concurrently or

YES in reverse order, depending on the need

3. Does estimated intake exceed TTC value of 0.0025 pg/kg bw/

day?
NOJ'

I o Te— c— — — —

Low probability of adverse health effects

R —

Requires a non-TTC approach

4. Is the compound an organophosphate or carbamate?

NO YES

Y

6. Is the compound in Cramer Class Ill ?

y

5. Does estimated intake exceed TTC value of 0.3 ‘

[pe/ke bw per day?
NO YES
NO YES
h 4 Y p— Y e
8. Is the compound in Cramer 7. Does estimated intake L
Class|1? excbeed 'I'I'(;va_l)ue of 1.5 pg/ —;;bl Low probability of |
kibyvipend A adverse health effects
L — — 4
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10. Does estimated
intake exceed 30 pg/kg

9. Does estimated

Requires a non-TTC approach I
intake exceed 9 pg/kg

bw per day? bw per day?
YES l YES
— —_— e Ve —
NO NO
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MeTavaoTeuon vs Xpovog (wn¢S TPOoYiuou

H usravaorsuon givail Xpovika eEapTwiEVN

MtOC\/E

Substance migration as a function of time
with indication of compliance limit (SML)
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v' New materials — new uncertainties

Biopolymers and materials with www.nature.com/scientificreports
recycled content:

- Insufficient toxicological scientific reports

documentation

- Conflicts between sustainability and R oot oppeinee
safety OPEN |n vitro cytotoxicity evaluation of a

Our approach:
Interdisciplinary approach - food

CMC-SA edible packaging film for
migration and safety assessment

Katerina I. Kalliampakou?, Evmorfia Athanasopoulou?, Aikaterini Spanou?,

packaging technology, engineering, Emmanouil Flemetakis? & Theofania Tsironi®**
biotechnology and cell biology
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Biwoiun cuokevaoia

H 1oxUouoa vopoBeoia (EE) 2019/904 yia 1n

i i i i 12.6.2019 Emionpn Egnpuepida ¢ Fupomaixrg Eveeng L 155/1
MEIWON TWV GTTOB)\r]T(UV ava@epPETaAl Kuplwg
oTa  TAAOTIKA piag  xpnong (Single-Use I
PIaSt|CS) (Nopodetikéc mpage)
OAHI'IEX

PPWR 2025/40
- AII paCkaglng mUSt be reCyCIabIe by 2030 OAHIIA (EE) 2019/904 TOY EYPQITATKOY KOINOBOYAIOY KAI TOY TYMBOYAIOY
- Classified into recyclability performance e Sng louvio 2019
g rades ( A’ B’ C) OYETKG PE TN PEIOOT) TOV EMTTIOCEOV Op1opivey TAACTKGY TPoiovioy oto mepifdilov
- Materials with <70% recyclability face higher
Extended Producer Responsibility (EPR) fees.

Official Journal EN

of the European Union L series

2025/40 22.1.2025

REGULATION (EU) 2025/40 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 19 December 2024

on packaging and packaging waste, amending Regulation (EU) 2019/1020 and Directive (EU)
2019/904, and repealing Directive 94/62[EC
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Biwoiun cuokevaoia

Trade-Off Between Packaging Waste and Food Waste

v Packaging vs food shelf life

Alternative packaging systems
should provide adequate protection
and retain food shelf life Loosd\produce

- Enhance properties: e.g. barriers,
mechanical strength

Food Waste

rapped vegetable

PACKAGING WASTE REDUCTION

VS

Plastic-wrapped meat
Vacuum-packed ready meal

FOOD WASTE REDUCTION

Packaging Waste
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Biwoiun cuokevaoia

For just 8 euros more, we'll peel your
v Packaging vs food properties bananas for you and decrease their
ifegby overva wewsl

We need to know very well the properties and
spoilage mechanism of the target food product

- Provide the necessary protection by A
designing adequate packaging systems e cscen
- Prevent overpackaging "

- Provide enhanced protection for shelf life
extension (MAP, active packaging)
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Safe and Sustainable by Design (SSbD) TS

Cormurission
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. [lpoogyyion TTOU EVOWUATWVEI:

. AGQUAEID YIa TNV avOPWTTIVR Uyeid Safe and Sustainable by Design chemicals

and materials - Methodological Guidance

o [lepIBaAAovTIKA BiwoludTnTa
o /N\EITOUPYIKEG ATTAITAOEIC UAIKWV
. E@apuoyn amd mpwipga otadia oxediaouoU
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Biwoiya UAIKG
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Safe and Sustainable by Design (SSbD)

()

MovTtéAa TTPpOBAEYNG HETAVACTEUONG ?a” v ctysspects
2evdpla worst-case & refined exposure & ________ » & B ;m
OAokAfpwon:

o [leipapaTikwy OEBONEVWV

o MovrteAotroinong Envionmenta sutainabiy
OAioTIK agloAdéynon pe Baon: - A - QQ@ @ A & &

- Hazard o T et Qo

o Exposure .

» Sustainability metrics A nﬂgﬁﬁ ®
Avixveuon trade-offs:

o XaunAOTEPN TOEIKOTNTA VS UWNAGTEPO TTEPIBAAAOVTIKO KOOTOG
YTTooTAPISN TEKUNPIWHEVWYV ATTOPACEWYV OXESOIACHOU

MetaBaon atrd:  KAaoIKA agloAdynon TEAIKOU TTPOIGVTOG
— oxedlaocud Baciouévo otov Kivduvo (risk-based design)
NNNNN @ STPaATNYIKA ouvavinon Eviaiou ®opéa EAéyxou Tpo@ipwy pe To MewTmoviké MavemoTiuio ABNVWY
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.
ICHTHYS (2019-2025) g - ICHTHYS

- Optlmization of novel value CHains for fish and seafood by developing an integraTed sustainable
approacH for improved qualitY, safety and waSte reduction
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Pack4Fish (2021-2023) ECmry
pack4fish

- AVATTTUEN KAIVOTONWY, BIOATTOIKOOOUNOIMWY UAIKWY CUCKEUATIAG JE XPNON UTTOTTPOIOVTWY 1XBunpwv

- Evioyxuon Tng TTpooTaTEUTIKNAC OpACNS CUMPBATIKWY KAl KAIVOTOMWY UAIKWY CUCKEUQOIAG JUE Xpron
VEOPAVWYV TEXVOAOYIWYV KAl CUCTATIKWY

- AZlIoAdynon TNG €QAPUOCIUOTNTAG TWV KAIVOTOPWY UAIKWYV VIO T CUOKEUAOTia JIAPOPETIKWY E10WV
QAIEUPATWYV

- AvaAuan KUKAou {wng Kal TEXVOOIKOVOUIKA avaAuon

Quality and safety evaluation of alternative packaging

materials for fish and seafood: Bioactivity, toxicity @;
and virus transmission potential aguaculture

K.l. Kalliampakou®, S. Makka?, M. Koutantou?, M. Katsarou®, E. Athanasopoulou?,

A. Spanou?, E. Angelakis2, D. Houhoula*, E. Flemetakis®, T. Tsironi® g ’

| 48 1 8 [A i
1 Department of Biotechnology, Agricultural University of Athens, Greece (mflem@aua.ar) o /mL {‘ klllh"IPEn 'IIFI"IE:' LHFQ'E’ gﬂp mulltll 'ullﬂ fﬂlld plll:mel:f rmrtﬂr
2 Department of Diagnostics, Hellenic Pasteur Institute, Athens, Greece (e.angelakis@pas e T soton IR r'” E"ﬂ'ullﬂ's Gmle,l |"P|'LT5|"I"JD‘L Eﬂp TEFII]HIJIIIJ gl.E.,SIII

3 Department of Food Science and Human Nutrition, Agricultural University of Athens, Greece (I jroni@aua.gr
“ Department of Food Science and Technology, University of West Attica, Greece (dhouhoula@uniwa.qr)

Sustainability assessment of alternative packaging materials of fish
D. Ladakis, V. Korka, E. Athanasopoulou, A. Spanou, E. Basdeki, A. Koutinas, T. Tsironi

Department of Food Science and Human Nutrition, Agricultural University of Athens, Greece

(ftsironi@aua.qr)
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Welsamrocal POINT

Theta Flex Oxygen Transmission rate (OTR) Water Vapor Transmission
(Biolin Scientific) measurement (ASTM F2622) (ASTM E96/E96M)
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AQUAPACK (2025-2029)

Funded by
the European Union

- Sustainable packaging solutions for food and cosmetics based on aquatic biomass and side-streams

AQUAPACK Project Objectives
/€ SUSTAINABLE MATERIALS

Develop biodegradable packaging materials
from algae and fish side-streams

<

Valorize aquatic side-streams & by-catch

<L

Extract functional compounds via biorefinery

0 PRODUCT QUALITY & SAFETY

&/ Preserve food & cosmetic integrity

" Extend shelf life of perishable goods FEQNONIKO MANENISTHMIO AGHNAN m— Cynrus
«/ Utilize antimicroblal properties of algae &«AGRICULTURAL UNIVERSITY OF ATHENS Cx:MAR :": Teincing

X\ Universidad "
@) CIRCULAR ECONOMY &POLICY Gnrvereit ) Catslicade : nib.: UNIMORE UK Research
{ %, yaﬂlveicl:ft:awlémr "',,:l & MODENA £ REGGIO EMILIA and Innovation
«/ Build academia-industry partnerships 6 &k >
&/ Harmonize EU policy for sustainable packaging £ MARIKOMERC’ 9 F | ex | Q 2t)
‘SuSea  Osanic i KORRES gt o o
«/ Support EU Green Deal ue Islan

& Farm-to-Fork objectives
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BBI,, %E)SUPPAW
BIOSUPPACK (2021-2026)

" . * % % .
Bio-based Industries FNR Horizon 2020 ,
: . * European Union Funding

il
onsortium 2
et altotel for Research & Innovation

- Demonstrative process for the production and enzymatic recycling of environmentally safe, superior
and versatile PHA-based rigid packaging solutions by plasma integration in the value chain

- Aim to upscale new, economically convenient and high-performing rigid packaging solutions based on
polyhydroxyalkanoates (PHA), which are polyesters produced in nature by numerous microorganisms

L E RO v

o Acceptance EU- S
Renewable PHA-based rigid Upscale the éﬁf fShE I'IPEWk Vﬁll-fe Standarda ME;?EII'I'IISEEIDF
resources packaging production loouprac chain : of impac
products compliance

=1=1= Industrial

ONONMONO Q ? Biotechnology Plasma technology

Plasma Sort BioSupPack BioSupPack
technology waste recyclability
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(4] EnAavek 2012000 =2 EXMA
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EIAIKH TPAMMATEIA ETNA & TI

v — EMIXEIPHMATIKOTHTA &
- - J 13 KAINOTOMIA uvvvnq tpyoma - akhncyywn
B I 0 E I P O ¢ H (2 0 1 8 _2 0 2 2 ) o Me T ouyxpnpatodétnon e EAASac kat tng Eupwnaikic Evwong

AvVATITUEN MIag  OAOKANpwHEVNG  acglpdpac diepyaciag aglotroinong  PBIOPNXAVIKWY  TTAPATTPOIOVTWY
aAeupoBlounxaviag yia Tnv TTapaywyn uPnAng TpooTIBEPEVNS agiag evEPYOUC CUCKEUQOIOC TPOPIiNWY aTTO
Bioatroikodounoiua Broyevr TToAuuepn (PHB) evioxupévwy he JIKpo- 1} vAvo- iveEG BAKTNPIOKIS KUTTAPIVNG.
H ouokeuacoia trapaxdnke o€ TTAOTIKA KAIJOKA OTTOKAEIOTIKA OTTO BIOPNXAVIKA TTAPATTPOoIovVTa (TTiToupo
OiTOoU) VW Ta evEPYA ouOTATIKA ATAV €TTIONG BIOAOYIKAG TTPOEAEUONG

Zopoon Lrepenc KaTasTacns
Hapayoyy Eviopov

Aspergillus awamori

Axatipyacta
“Evivpa

Evivpikn véporven

Tupayoyn Opertikon
VROGTPONATOS

] Mukpoprakéc Zophoac !
Mixkpoopyaviopos: 3 Mixkpoopyaviopos:
Komagataeibacter 4 Paraburkholderia sacchari
sucrofermentans /| .

|
Alaxwplopog &
KaBapiopog

Daxwplopog &
KaBapiopdg

Baxkmpraxi Kurrapivy ToAu(3-ubpofu-Boutupikic) eotépag

-~

- ;
ﬁ (A éf] XGTZO]TOU)\OC N TZARIS  TEQMONKO MANETIZTHMIO AGHNON

EYKAMINTH XTYIKEYAZIA ZTHN TEAEIOTHTA

ANO TO 1921
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¢ET w eF s a “ F O C AL P Ol NT ABnvwv (FMA): Apdoeig Tou IMIA oTov Topéa TnG agioAdynaong emKIvOUVOTNTAG OTO TTAQICIO

AgiIToupyiag Tou dIKTUOU opyaviouwy Tou apBpou 36 Tng EFSA, I'TIA 18/12/2025
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Beet2Bioref (2020-2023)

BIOMHXANIA EYKAMNTHE EYIKEYATIAL )
e oupgnparobd o o e Epunci B

— H avaBaBuion 1ng EAAnVIKAG Blounxavia ZAaxapng o€ €va QEiQOpo Kal TTPWTOTTIOPO yia Ta Eupwitraikd dedopéva
BiodiuAioThpIO

— H BeAmnioTomroinon Tng BlotexvoAoyikAg TTapaywyrns TToAu(3-udpogu-BouTupikou eoTtépa) (PHB), Tou cuptroAupepoug Tou 3-
udPOLU-BOUTUPIKOU 0EEOG Kal Tou 3-udpogu-Balepikou og¢Eog (PHBYV), BakTnplakAG KUTTAPIVNG KABWG £TTIONG Kal TTNKTIVWV
Kol TTPWTEIVWV JE OTOXO TOUG BEATIOTOUG OEIKTEG AEIPOPIag

— H mapaywyr Kaivotépwy BIOCUVOETWY UAIKWVY OUOKEUQOIAG TTou Ba IKAVOTTOIoUV TIG aTTaITHoEIS BEATIOTOU oXedIaoUOU Yia
OUOKEUATIA VWTTWV KNTTEUTIKWV/AQXAVIKWY KOl GPTOOKEUAOUATWY Kal ETTITTAEOV TNV OTTAITNON AVAKUKAWGCIUATNTAG CUNQWVA
ME TNV Eupwtradikr ZTpatnyikn yia OAEG TIG TTAAOTIKEG OUOKEUQOIEG

ZayupotevTio )
‘V’" ;\\ —» ( 626?1[1’:7.['3 ) T Meprxa yprorn mov xabopileTal Qo TV EUTOP I STPATH IR TIS ETAIPEIAS
s - .
IIII. x T R R R R R S LS S s |
Mehdoa L\ EKETA |
> v r 4 Pacve o & - )
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EVOELIKTIKEG EQPAPHOYES

PERCAL (2017-2020)
Project objectives

Production and purification of lactic acid
from MSW

Production and in-line purification of
succinic acid from MSW using membrane
electrolysis technology

Produce ethyl lactate solvents for use in
cleaning products and inks

Produce lactic acid based hot melt
adhesives for application in cardboard and
labels

Produce polyester and polyether polyols for
application in polyurethanes

Welsamrocal POINT
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Horizon 2020
European Union Funding
for Research & Innovation

Bio-based Industries
Consortium

2 Biotechnology

=z routes. :C;
Green Chemistry Carbohydrates.
g routes. ‘ [

®

Representative
selected MSW streams.

ol X ;

#ZPERCAL ;N

. Proteins.

Separation and
purification.

G Enzymatic
J)., Succinic acid @ m“ Hyd:olysisA
Lactic acid
Chemlcals Ethanol % .
Intermediates

Molety  Hydrophobic Moiety
ad (Surfactant tail)

Polyols for *
polyurethane Industry

Hot melts Adhesives
for cardboard,...

Solvents for cleaning
products, inks...

Blobased surfactants for
cleaning’s chemicals.

el

Chemical Engineering Journal
Volume 466, 15 June 2023, 142877

el o Biotechnology for Biofuels

Development of an electrochemical
membrane bioreactor for succinic acid
production and in situ separation with
engineered Yarrowia lipolytica cultivated on
municipal biowaste hydrolysate

RESEARCH Open Access

. . . L ®
Evaluation of organic fractions of municipal ==
solid waste as renewable feedstock for succinic
acid production

Eleni Stylianou’, Chrysanthi Pateraki'”, Dimitrios Ladakis', Maria Cruz-Fernandez®, Marcos Latorre-Sanchez’,

Caterina Coll* and Apostolis Koutinas
Eleni Stylianou ° &, José M. Carvajal-Arroyo ° &, Dimitrios Ladakis ® &, Carol Sze Ki Lin © =,

Vera Efimann * &, Sebastian Dorr ® B, Jakob Marbach ¢ &, Korneel Rabaey © B, Apostolis
Koutinas ®! & & Chrysanthi Pateraki ®* & &
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B10 SUCCINIC ACID

LUCRA (2023-2027)

Project objectives
— Novel approach to waste valorisation

— Synergistic treatment of relevant waste
streams (bio-waste and saw dust)

— Cutting edge technologies

— Thermal hydrolysis

ORGANIC MUNICIPAL SOLD WASTE &

— Enzymatic hydrolysis
WOOD WASTE SIDE STREAM

— Extraction of valuable sugars and nutrients

— Succinic Acid as a versatile platform molecule with
applications across various industries

2 kS
— Packaging, personal care, food and beverage, % BIO-BASED SUCCINIC ACID
textile, agriculture, automotive

Z1paTnyikr ouvavinon Eviaiou ®opéa EAEyxou Tpoipwy pe 1o MewTTovIKO MNavemoThpIo
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This articie ia benaed under GLEY 4.0 & (B

Engineering Pectin Biobased Films with Bacterial Cellulose
Nanostructures for Enhanced Food Packaging Performance

Mirva Sarafidou, Erminta Tsouko,* Anastasios Giannoulis, Demetres Briassoulis, George E. Baltatzis,
loannis P. Trougakos, Theofania Tsironi, and Apostolis Koutinas*
Future Foods 11 (3035) 100563
Comtents lists available at SclenosDinedt

% Future Foods

journal homaepage: wens slsevie

Comparative study of packaging materials developed from fish and legume
protein concentrates

Evmorfla Athanasopeoulou ™ 2, Angeliki Katsiroumpa "' @, Chrysavgl Gardeli ”,
Theofania Tsironi ™
Intemational Journal of Blological Macomolecales 2832 (20324) 136754
Compents s svallable an SclenceDirect

International Journal of Biological Macromolecules

| SEVITER yoaEmal homepage: Wi s lsevier comlponte’ | bloma

=

s

Efficient pectin recovery from sugar beet pulp as effective bio-based coating =
for Pacific white shrimp preservation

T

Stamatia Tsokri ', Mirva Sarafidou ™, Erminta Tsouko ™, Evmorfia Athanasopoulou”,
Antiopi Vardaxi ", Stergios Pispas ", Theofania Tsironi®, Apostolis Koutinas *
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G o Conbents lists available at Scicncelirect - Food
R Hydepeellends
Fronipd Food Hydrocolloids g
ELSEVIER journal homapage: www._slsevier comiocatefogdhyd . '
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oo

Development of antimicrobial coatings: exploiting electrospinning
technology with sugar beet pulp pectin

Mirva Sarafidou @, Ana C. Mendes ™ @, Dimitrios Ladakis®, Theofania Tslroni® 2,
Apostolis Koutinas

scientific reports

| Chach for updates

OPEN Synthesis and characterization
of polysaccharide-
and protein-based edible films
and application as packaging
materials for fresh fish fillets

Evmorfia Athanasopoulow’, Francesco Bigi?, Enrico Maurizzi®, Eva Iris Eleftheria Karellou®,
Christos 5. Pappas®, Andrea Quartieri® & Theofania Tsironi®

| RESEARCH ARTICLE

Functionality and Storage Evaluation of Fish Freshness
Indicators Based on the Incorporation of Anthocyanins
Extracted From Winery Grape Pomace Into Polyvinyl
Alcohol/Starch Films

Evgenia Basdeki' © | Enrlco Maurizzi? @ | Franscesco Bigl' | Andrea Quartieri® @ | Andrea Pulviremti? & |
Theofania Taironi® &2
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Safe and sustainable by design: NMponyuéveg
TTPOOCEYYIOEIG AEIOAOYNONG KOl OAOKANPWHEVOU
OXEOIOOMOU UAIKWYV O€ ETTAPI ME TPOPINA

["ewtroviko MNavermiornuio ABnvwyv
! Tunua Emornung Tpoiuwyv Kai Aiatpo@n¢ rou AvBpwiTou
W\ Epyaornpio Mnxavikng kai Emreéepyaoiag Tpo@iuwv

KouTivag ATToOTOANG Tolipwvn @copavia //
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