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Gold  Bioinformatics, Nanobiotechnology

Grey  Classical Fermentation and Bioprocess Technology
Gutierrez A 2010.

The protection of maize under the Mexican biosafety law: environmentand trade. 1017875/ qup 2010-1885.
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TexvoAloyiec - EpyaAcia

» XYUAMANOYEC, KEVTPA PloAoyiKwY Topwy
(= biological resource / bioresource centers).

v 'Epeuva - pUKN WS TEIpAPATOQUTA
(n.x. Acerabularia 2 mRNA (amo 1934-1950, 1961-62)
Chlorella & kUkAog Calvin (1950),
Chlamydomonas reinhardtii =
avtiAngn pnxavikou epeBiopartog (Nxog, dyyiyHa 1 papuTnTa .
EVCUHO OXETIKO PE pnkog & avamtuén pacTiyiwy, '
PWTOOUVOETIKEG XPWOTIKEG, PWTOBEKTNG,
HETAPOAIOUOG IXVOOTOIXEIWY K.d.).

,,,,,,

v [EVETIKN pnxXavikn

PUKN TOU EXOUV TpomomoinNBOel YEVETIKA:
Synechococcus & Synechocystis,

«  Cyclotella cryptica, Navicula saprophila
& Phaeodactylum tricornutum,

*  Saccharina japonica,

«  Chlamydomonas, Volvox, Dunaliella & Chlorella.

v Covidiwpatikn (YEVWHIKR) UKWV, £ - : |

v TTpwTeopIKA YUKWY, E—— =



TexvoAloyiec - EpyaAcia

Aiatnpnon PromoikiAoTnTag ‘in vitro’

KaAAIEpYEIEC — ZUAAOYEC HIKPOPUKWY
* UIKPOI XPOVOIYEVEAG — Taxela aulnon,
« £UKOAN KAAAIEpYEIA
OE EPYACTNPIAKES OUVONKEG.
Alatnpnon ekaTovTadwy 18wV QUKWY W¢ £pYacThplaka amoBeparta
Kal pe d1aBeaipec mANPOPopIES
« UVONKEC avamTuing
* QUOTACTH TWV BPETTIKWY UETWV
* AAAEC XPNOIUEC TTANPOYPOPIES.
2 € EPEUVNTIKEC EPYATIEG,

0l ETMIGTAPOVEC TAPABETOUV TANPOWPOPIES Y 1d TA XPNTILOTOINOEVTA GTEAEXH,
TIC CUVBNKEG avanTuéng ToUg OTIC KAAAIEPYEIEG K.d.

» BioaoggpaAeia (Biosecurity/ Biosafety)

(= amopuyn e100dou aAAoxBovwy n peTaAAaypevwy taxa n TapaciTwy
n TTaBoy ovwy TTapay ovTwy).



Kupiec diataleic pwroPioavridpacTnpwy yid KAAAIEPYEIEC HIKPOWYUKWY

Low operation cost
Low biomass

High contamination risk
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Kpigipa aTadia TnG TEXVOAOYIAC TWV KAAAIEPYEIWY TWV PUKWY

Media recycling

1. Cost effective allernative
2. Media replenishment
3. Favor cultivation

4. Vary metabolite content

Strain selection

1. High growth and metabolite -8
2. Easy harvesting e
3. Low contamination

. 4. Suitable for mass cultivation
b5 Control of biological

 contaminants

1. Media sterilization

2. Crop rotation

3. Disinfection, Biopreservation
4. Physical & chemical treatment

 Media requirements

1. High growth by nitrogen
2. High metabolite by phosphorous
. 3. High lipid by carbon



https://www.newsbreak.gr/wp-content/uploads/2024/12/spiroulina-kalliergeia-serres.jpg



Xprion onoplwv / BAaoTIKWV LEPWV.

»  Metaduteuon aptifiactwy / atopwy
META amnod kaAALépyeLa in vitro.

Xprion TEXVNTWV UNMOSTPWHATWV.

KaAAIEpYEIEC HAKPOWUKWIV

Falace et al. 2018. Ex situ cultivation protocol for
Cystoseira amentacea var. stricta (Fucales, Phaeophyceae)
from a restoration perspective. PLoS One. 2018 Feb
15;13(2):¢0193011. doi: 10.1371/journal.pone.0193011.
PMID:29447238; PMCID: PMC5813978.

2

De La Fuente et al. 2019. First exsitu outplanting of the
habitat-forming seaweed Cystoseirg amentacea var. stricta
from a restoration perspective. Peerl, 7: e7290.
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H onupacia Twy QUKWY oe puaika & TEXVNTA ouaTAUATA
Aflomoinon TWY 01KOGUOTNUIKWY UThPEOIWY TWV PUKWY 0 QuUaIKa & TEXVNTA OuoTAUATA

OIKUUUUTI’]]JIKE':Q UﬂanUiEQ (— Ta o@eAn Tou amokopifouv o avBpwmvol TAnBuopol, duesa n Eppecda,
amo Tig AciToupyieg Tov olkoouoTnuarog Costanza et al 1997).

* Nutrient cycling = Habitat ' ﬂ % 7 * Feed * Oxygen

*  Primary production * Biodiversity + Biochemicals + Carbon
* Resilience * Water cycling + Genetic resources * Food

Seaweed cultivation + ¥

Supporting services Eco-industrial system

Provisioning services

Engineered
BBI‘JS}'SIBW‘I services

Cultural services Regulating services

: Spiritua! ' Aestlhetlic = Csequestration * Sediment retention
* Recreation * Inspirations . * N assimilation * Heavy metal adsorption
* Educational * Sense of place g *+ Passimilation * Biological regulation

. * QUOLKWV OLKOOUOTNUATWY (11.Y. PUOLKEC KOLWVOTNTEC UKWV, PUKOKOLVOTNTEG).
Ynnpeoieg _

¢ TEXVNTWV OLKOCUOTNUATWY (TT.X. KOAALEPYELEC DU KWV KOl VEVIKA CUOTHLATA
TOU £X0UV MPOKUPEL UE OLKOAOYLKO OXESLAONO).

O1 uTnpeoieg (amokaTdoTaon moIdTNTAC VBATWY, PETPIAOUOC ETUTITWOEWY KMPATIKAC Kpione K.a.)
amo Ta TEXVNTA CUCTHUATA £ival JIKPOTEPNE KAINAKAS KAl wpooTIOeEVTal OTIC
avTIOTOIXEC UTTNPETIEG TTOU TTPOCYEPOUY TA PUOIKA JUOTNPATA.

» Ta@ukn OUPUETEXOUY O TAYKOGHIOUS PIOoYEWXNHIKOUS KUKAOUG.
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Bokn & TTepipaiiov

pwToauvBean (deopeuan CO,, mapaywyn O, KAl 0pYAVIKWY EVWIEWY),
avTAia avBpaka,

TPOTANYN BPETTIKWY
(nepropiopoc eutpopiopou, Procsluyiavon, emelepyacia & avakUKAWGON AURATWY KATT),

OpIOPEVA amoTEAOUV BepcAIWdeIC 0pyaviopous
Yid OUYKEKPIHEVA OIKOOUOTAHATA,

alwrodeapeuon (dcoucuon N,),

HEOW TNG amoikodopnong Toug — PioAiraopa K.da.,

paan TpoWiKWY TAEYHATWY — TPOWYN Yid avWTEPd TPoWiKa eminedd,
promapakoAouBnon,

auvBean & mapaywyn diapopwy ouaIwyY
(propalacg, mpoaBeTwy d1ATPOPNS, TNKTIKWY, PAPUAKEUTIKWY OUTIWY K.d. ).



Bokn & TTepipaiiov

» @wTtoauvBean (dcaueuan CO,, mapaywyn O, KAl 0pyavIKWY EVWIEWY),

» avTAla avBpaka



Atopeuon & BioAoyikn avrAia C Mikpowixn




To putomAaykTo otn deoueuon Tou C

TIPOKANCEIG TTOU TIPETIE! Va EEMEPATTOUV:

¥ ouxvan auénon tou ®TT emnpealeral apvnTika amo TNy aufnon tou CO,
(Watanabe et al 1992, Lee & Lee 2003).

ETIIAOY ] OTEAEXWY TIOU UTTOPOUY va avTIHETWTTioouy uynAeg ouykevTpwaoelg CO,.
30% -70% kopeouou (Hanagata et al. 1992, Iwasaki et a/ 1998 Sung et al 1999).

* EAeyxog Twv petapoiwv Tou pH — aivfnon Tng avanTtuéng akoun Kai
100% Tou CO, (Olaizola 2003),

» ewiteufn Bepuikng oTaBepoTnTaAg

Ta acpia mou d10XETEVOVTAI EVTOG TWY KAAAIEPYEIWY
enmnpealouv ouxva T Bepuokpacia(Ono & Cuello 2007).

TToAAeg Plopnxavieg mou ekAUouy CO,, cuptrepiAap Pavopevwy Twy oTaBuwy
NAEKTpOTIapaywyne, PpiokovTal Oc mapaKTIEC TEPIOXEC.

» xpnon ©aAacoivol vepou wg LEogo avanTuéng,
WOTE va PelwBei To KOOTOE CUVTNPENONG TNS KAAAIEPYE1AC PUTOTTAQY KTOU.



To ¢putonAaykto otn décpevon tou C
OpLopeva eldn Baidooiov hutonmAayKTOU ov EXouv SokLpaoTel elval ta:

. ((Laws and Berning 1991, Matsumoto et al. 1995),

. (Takano et al. 1992),

. (Pesheva et al. 1994),

: (Miura et al. 1993),

. (Matsumoto et al. 1995; Matsumoto et al. 1996), ka
. (Matsumoto et al. 1995).

AmoTeAcoparikoTnTa SEopeUong avbpara opIoHEVWY EISWV

Taxa pikpodukwy Méyiotn [CO,] BiBAtoypadia
100% Seckbachet al. 1971
80% Hanagataetal. 1992
60% Kodamaetal. 1993
Euglena gracilis 45% Nakanoetal 1996
40% Hanagataetal. 1992
15% Nagaseetal. 1998
15% Yoshihara et al. 1996

14% Matsumoto et al. 1995
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PutomwAayKTO

TTaykoopio KAipa

A¢opeuon Tou C - BioAoyikA avrAia

EvaopeoTwpeveg poAideg (opyavikog C & CaCOj3]) kaBilavouy oTa iIlnuaTa
= ouyKkpaTnan C yia LeyaAeg TEPIOO0OUG

KokkoAI©owopa

Emiliania huxley .

To o kKoIvé anTépuTo

OE OAOUG TOUG WKEeavouc,

AvBloeig vepol: 100048eg kme,
eidika oe peoala yewypapikd TAQTH.



L .

hitp: ffvnanw constantine alexander net/2013/06/13/index_html






MrAg avBpaxaocg
{(“blue carbon” ) =

O avBpakacnov
OECGUEVETAL OO
BaAaoaolouc
OpyavVIoHOoUC.

To mAatiolo tne peietnc Yokohama Blue Carbon

CO; absorption and
carbon storage in forests

CO; emission reduction
by blue resources

C0O, absorption
and carbon
storage as blue
carbon in SCEs

Friendly
Dcéan

>

Blue carbon

CO, taken up from the
atmosphere by shallow
coastal ecosystermns
(SCEs)

Blue resources
€O, emission
reduction by utilizing
abundant marine
resources such as
energy, food, and
biomass

Friendly Ocean

Citizen collaboration in
s ocean development,
environmental
education, and
environmental
awareness

1oV Wwkeavo anobnkelovtal tepdotieg moootnteg CO,.

e npata 0 C LopEL vt MOpQEVEL N SLEAUTOC KOl XWPLe Vo EXEL armoouvteBel yia LeyaAa dlaoThpata
(moAdéc exatovradec xpovia). Turikd afabn napdkTia olkoouotipata meplhappavouy:

Maykpofia 6don, napdktia €An kat ekBolég, aon ayyeloonépuwy kol daon poakpodukwv kaAolvtol
CUXVA olkoouothuata pmAe avBpaka “blue carbon ecosystems”.

Kuwae et af. 2022, Implementation of Blue carban offset crediting for s2agrass meadows, macroalzgal beds and macroalgae farming in lapan. Marine Policy, Val-138,
RSN 0308-597% https/Vdoiorg /101016 marpol 2022 104296
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MACROALGAE CULTIVATION AND

CARBON SEQUESTRATION
Carbon Sunlight

dioxide Use for
longdived low
o & Harvest by Process af sea 1%.!:rl;mu-n
e ship ni or onshore products
b -
;.;r::;.,ﬁ & # .*-‘;‘-‘- l“- L} T

vehicle

Macroalgoe cultivated in

Use for algal
diverse offshore systems

bicenargy with
carbon caplure

Photos s
produces

organic carbon
UNDERGROUND

CARBON SEQUESTERED 4”'—\) »

IN DEEP OCEAN _
o OCEAN VISIONS LSt k"

oceanvisions.org/oceancdr

https://oceanvisions.org/macroalgal-cultivation/
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Ewidpaon KAIPATIKAG Kpiong

« Auénon Tnc Ocpuokpaociac

AuokoAia Tipooaplioyng Twy HAKPOPUKWY 0TV awoTopn Bepuokpaciakn avénan.
TTpoPAewn: avTikatdoracn dacwy amo Buoavoeldeic avanTueig pakpopukwy (turfs).

» Ogivion wkeavwy, auénon DCO,

» EAatTwon evacPéoTwonc ora evacPeoTwHEVA HaKpo- Kal JiKpo- UK.
» Zupikvwon Kai e€apavion dacwv PaKpoYuUTWV.

To Tio KOIVO amTOYPUTO OE OAOUC TOUC WKEAVOUC.
AvBioeic vepou: 1000adeg km?
£101Ka OE JECAia YEWYPAW IKA TTAATN.

Emiliania huxleyi, kokkoAiBopopo.



Ewidpaon KAIPATIKAG Kpiong

["1a Ta KOKKOAIB oY 0pa UTTAPXOUY AVTIKPOUOUEVA ATTOTEAECATA Y IATI

* 1 DIdApKEIA TWY TEIPAUATWY amokAElEl Ty eEEAIKTIKA TpooapHoyh OTIC HETAPAAAGLEVES OUVENKEG
* Ta TEIPAPATa ylvovTdl O Eva HOVO OTEAEXOS Kal OX! O€ TIOAAQ TIOU OUVUTIAPXOUY OTIWG YIVETal oTn
puan

“Coccolithophore cell abundance drastically decreased under OW and combined OA and OW (greenhouse,
GH) conditions. Emiliania huxleyi calcite mass decreased consistently only in the GH treatment; moreover,
anomalous calcifications (i.e. coccolith malformations) were particularly common in the perturbed
treatments, especially under QOA. Overall, these data suggest that the projected increase in sea surface
temperatures, including marine heatwaves, will cause rapid changes in Eastern Mediterranean
coccolithophore communities, and that these effects will be exacerbated by OA..

D’Amario et al. 2020. Coccolithophore community response to ocean acidification and warming in the Eastern
Mediterranean Sea: results from a mesocosm experiment. Sci Rep 10, 12637 (2020).

To 70 KOIVO aTTOYUTO OE OAOUG TOUC WKEAVoUG.
AvBioeic vepou: 1000adec km?
£181KA OE UECAIA YEWYPAP IKA TTAQTH.

L |
Emiliania huxleyi, kokkoAiBopopo.



Bokn & TTepipaiiov

pwToauvBean (deopeuan CO,, mapaywyn O, KAl 0pYAVIKWY EVWIEWY),
avTAia avBpaka,

TPOTANYN BPETTIKWY
(nepropiopoc eutpopiopou, Procsluyiavon, emelepyacia & avakUKAWGON AURATWY KATT),

OpIOPEVA amoTEAOUV BepcAIWdeIC 0pyaviopous
Yid OUYKEKPIHEVA OIKOOUOTAHATA,



ATOKATACTAGN 0IKOOUOTNHATWY

PUgIKN aToKATAOTATN

1. HmepipaAAovTikn PAapn numopaBuion Eival :

2. HoikoouaTnuikn swavmoppnwmmmn ma
EXEI TA 0pId TNG KAl ATIAITEI xpu._____ g

g Bioe€uyiavan (7o
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Bioeuyiavon

YypoTomol - Ta 'veppa Tng AEKavng amopponc

— contaminants
- i are filtered

P [Evigl.s ;
critical wildlife]

habitat

| groundwater
W flowll

\breakdown |
‘contaminants




outlet

inflow

O https:/fvrsnwmelbournawater.com.au/sitas/dafaul t/files/
Creek Wetlands-Diagram_Screan_rjpg

1. Nepo amo motdplo n pudakia KateuBUveTal OTOV TEXVNTO UYPOTOTO kel T LOEUEL DY E HECT QMO UPKETEC
HLKpEC ALPvES, AUTG ETUTPENEL OE peyahouc pumouc (y. okoumnidia) va fubilovraloto fubo.

2. Tovepo diltpapeTal @mo PKPOoPYaVLGIaUC kel GUKN ToU avamTUogoVTaL ETLPUTLKG O LakpoduTa.
ATIOGKDUVOUY BpEMTIKG CUOTTUTLKA, £10 LKE VITPLKL.

3. METQ amd TNV MOpUUovH TOU VEROU Yo MEpLKES nuépec (1-5) otov Texvnto uypatomo, kabapd vepo
ameAsufeploveTal Kol TTaAL OTOV MOTWG 1N 0To pudKkt kol n otadun Tou vepou emlotpédel ae kavovika .



Qukoefuyiavon

My. Eutpodeg Aipveg

XpHon Twv in situ
Statopuwyv

9
AAA oy} MAQYKTLKWV
dUKoKoLVOTATWY

Marella et ol. 2016.

Phycoremediation of Eutrophic Lakes Using
Diatem Algae.

hitp://dx.doi.org [10.5772/64111
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Decrease in: Turbidity, EC, TSS, TOC, TP, TN, Fe, CI and Na’
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FINAL STABILIZATION
OF WATER HABITA

Settlement of
charophyte Nitella mucronata

Sequential ecosystemchanges and settlement
potential in clarification pond. EC electrical
conductivity, TSS total suspended solids, TOC
total organiccarbon, TP and TN total
phosphorusand nitrogen, Fe total iron, SDD
Secchidisk depth, Chl a chlorophyll a content,
TD and TB total density and biomass, R
richness, Sf Shannonindex, E evenness, T
temperature, DO dissolved oxygen, TE trace
elements, TL/ trophic level index, PMPL
Phytoplankton Metricfor Polish Lakes.

» 2008. Nitella congesta - a charophyteas a
tool for the rehabilitation of sand mine-void
wetlandsat Capel, Western Australia PhD

* Napiorkowska-Krzebietke, A., Skrzypczak, A.R. 2021.
A new charophyte habitat with a stabilized good

ecological potential of mine water.
SciRep 11, 14564, https://doi.org/10.1028/s41598-021-93827;
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WutdAAeia, 2018
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Xpnoigomoinon Twv QUKWY oTnv erefepydoia Auparwy

Secondary
clarifier Clean

Primary
treatment

[ A/ 17]:

Pl

=

https://algen.eu/node/101

Erutuync enefepyaocia =2 Ydnhol puBuot avantuénc

g n

)

Secondary &

tertiary treatment
4

Pretreatment

light part algae-

bacterial Lrealment

| aeration
Inoculatior] PY algae —
S = biomass
T 3 aeration when needed {ia

A
\
Blngas
digestion
Co,
&~

Fertilizer
=3

(HELKTEC KOAALEPYELEC, QVOLYTA [N OTELPC CUOTNUAT, GVIOYWVIOUOC —» eTiflwon Kol EfkpaTnon)
AnapaltnTn n yvwon Twy mapoyovIwy ou ennpealovy TNV aVamtuén
Quoikoynuikoi, BloAoyikoi Kot AslToupyLKOL Top GyovTEeC

®: Qwc, Bepuokpaocia

X: @pentika, CO,

B: Avtaywviopoc HeTtaéd Twv edwy, Booknon kal mpocBoln ano touc.
A\: oxedlaopoctou Bloavtidpaotipa, pubpol avapeténc kot apaiwonc KA.



Kara Tnv emefepyagia Twv Avpartwv

* amouakpuvan BpemTIKWY

Awpopoiwan BperTikwy (VITPIKA, pWOPOPIKA) ATIO TA HIKPOYUKN.

Emiong, kata tn diapkeia Tng pwroouvBeang = pH *

= KaBilnon pwawpopou & diapuyn NH; *

avagopec: amouakpuvaon pwaopopou Kata ews Kar 90% Aoyw Thg kaBilnong Tou.

Emione Ta pikpo@Ukn,
« Ji1a@eTouv O, OTOUG ETEPOTPOWPOUS OPYAVIaHOUE KABWS Kal

« amoppoouv HETAAAA KAl aAAoug puTtoug (T1.x. ToEIKEC OpYavIKES EVWAEIC).

*He M, Sun ¥, Zhong ¥, Sun K, LiuW, Duan 5. 2016. Removal and Biodegradation of Noenylphenol by Four Freshwater Microalgae. Int f Environ Res
Public Health. 2016;13(12):1239. doi:10.3390/ijerph13121239

*Tikoo, Vidya & H. Scragg, Alan &'W. Shales, Stuart. 1997, Degradation of Pentachlorophenaol by Microalgae. Journal of Chemical Technology and
Bictechnolegy - J CHEM TECHNOL BIOTECHMNOL. 68



Xpnowonoinon twv Qukwv
otnv Enegepyacia Avpatwy

. Blopnyovika Abpata
(HeTafL alAwv: kKAwotobLdaviovpyla, petaAioupyia,
Blopnyavict AT UATWY, TIOPOY WY S UIMATUpLWY,
buTodapuakwy, enetepyooiag PeTHAAEV LOTOC,
METPOXNLLKWY, GapuakoBlopnyaviec kKAm)
*+  AypoTiKnAUpaTa Kol
. AOCTIKG AUpOTa
Ta pUKN Exouv xpnolpomnolnBelyLa Tov oXeSLaGUO CUCTNUATWY
OMOMAKPLVONC BpenTikWY & PUTIWY ATIO T VYPO AmoBAnTaA.

Ta ooTiKA oo PANTA eival IaVIKG yio TV avAartuén mMoAAwWY GuKwY
adol mepLEXoLV UPNAEC CUYKEVIPWOELC
OAWV TWV amapoitnTwy BpemTIKWY.

2Tr OUVEXELD, HEPOC TWV dUKWY ‘Bepiletal’
(QmopaKpUVETOL)

ylava xpnotpornotnBel we Aimoaopa &
BlokaUoLua.



Xpnotwpomnoinon twv dukwv
otnv eneéepyacia AvpaTwy

+  Y6podbefapueveg e MAAYKTIKA pLKpOD UK OTIWC
Scenedesmus & Micractinium K.
MEPLOPLOTLKOL MOPAYOVTEC:

KUplwe pwe (Bdboc, avddeuon, avavéwon vﬁpc}ﬂr|.

*  Teyxvnta puakla e EPLDUTIKA PLKPOD UK

[MAEOVEKTLOTO TEXVNTWY PUAKLWV
* OEV UTIOULTELTOL EVEPYELD YL TNV QLWPN O TWY KUTTAPWY, e

* gUKOAN cuhhoyn Blropalac Le
BepLopO TWV AVWTEPWY THNUATWY ToU nepidutou
(KOTWTEPO TUNUOTA MAPAUEVOUY
POOKOAANUEVQ OTO UooTpwia). -> Almacua & Blokavoipa.



https://www.niwa.co.nz/file/37211

Astapevec YYnAhou PuBpuou Avantuéne @ukwyv, AYPAD
(High Rate Algae Ponds, HRAP)

Pnxéc defapevec e ouvexn Kukhodopiavddatwy. To O KOWO avVOLYTO CUOTHH
emebepyaolog AUpATWY UE Xpron Ukpodukwy (Oswald & Gotaas 1957).
Madikec avantuéeic otouc Ttpomikouc (T T dwe T oc oAn T SLapkela Tov ETOLC).



H emiTuxng AeiToupyia Twy diadikaciwy PioTikng emef epyaciag amoPAnTwy
e€apTaTal amo TN xpenon

*  PaxTnpiwv,

* UKWV,

*  HUKATWV,

*  qpWTOTWWY K.AT.

Ta pIKpopUKN Eival Evag amo Toug KAAUTEPOUG TTapay OVTEG
Bioefuyiavong yia Tnv eme epyaoia Twy AupaTwy Kai
d1adpapaTtiouv oAU onuavTiko poAo otr diadikacia ploamokaTaoTacng:

v mapayouy O, kai deopeuouvCO, kata Tn pwToouvBeon
¥ 81aTnEOoUY TV KAAN TTo10TNTA Twy udaTwy LUEow auTokaBapiouou.
v 0IKOVOUIKA ammodoTIKn AUan

Er:pupunvég : : : o

deaueuan CO, kata Tnv auvénon Twy pikpopukwy (KAIpATikh Kpion)

TTapaywyn avavewaoijwy THywy EVEPY E1ag, omwe PiovrileA, PiopeBavio, agpio udpoyovou
Kal PloAITTaopaTa K.a.



2 XNHATIKA aTmeIKovIan ThG
Pproeuyiavone moikiAwv pumwv pe @ukn (phycoremediation)

Dairy Wastewater )

Bioremediation of
Pollutants by

Alcohol Distillery Wastewater | ,

--------'-----’

Al R R T



Bio-anoppddnon petdAAwy and oaktripla

MetabolismiDependent]

Active Transport

Intracellular :
Bacterial Cell

Interaction Co?* D
Electiostatic
Intetactiont
Ni%g S <%
Metal o :
NiHPO, precipitation h Metal-binding protein
Complexation

EPS + Cd?*-> EPS-Cd /
Extracellular Interaction

Oplopéva pakpodukn dnwe Ta eldn Uive fasciata kaw Sargassum densifolium (EI-Wakeel et al.
2019), epdavilovv kal auta noAdd unooxopevn duvatotnta BLo-anoppddnong (bio-
absorbance)oe Bapéa pérarda onwe ta ovra yoAkov (Cu*?).



AmoKATaoTaon olKooUOTNUATWY N dnuioupyia VEWV

https://news. flinders. edu. au/wp-content/uploads/2 02 4/04/P2 R-reef-design-lab-artist-impression-c-Alex-Goad. |
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Anthropocene. Current Biology, 34, R399-R406. https://doi.org/10.1016/|.cub.2023.12.054
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Avadaocwon:.

YT s, -
: = L:....'r_- = E
The innovative endeavour of planting Posidonia seagrass with the use of seeds took

place on the island of Lipsi, in the bay of the Aegean Marine Life Sanctuary.
https://archipelago.gr/planting-underwater-gardens-of-posidonia-seagrass-a-new-innovative-planting-process/




Avaddowon

Italy: Sinis Peninsula,
Cilento National Park,
crgegei Island,

Greece: Gyaros island




Xprion omopiwv / PAAOTIKWY LEPWY

KaAAIEpYEIEC HAKPOPUKWY
*  Metadutevon aptipAaotwy / ATOpwWY

Falace et al. 2018. Ex situ cultivation protocol for hetdiang kaduspyeiain vitro
Cystoseira amentacea var. stricta { Fucales, Phaeophyceae}  * Xprion TeEXVNTWY LTOOTPW HATWY
from arestoration perspective. PLoS One. 2018 Feb

15;13(2):¢0193011. doi: 10.1371/joumnal.pone.0193011.

PMID: 29447238; PMCID: PMC5813978.

N s &
‘®
o

'.'." . i r E 1
De La Fuente et al. 2019. First ex situ outplanting of the
habitat-forming seaweed Cystoseira amentaceg var, stricta
from arestoration perspective. Peer), 7: e7290.









Bokn & TTepipaiiov

pwToauvBean (deopeuan CO,, mapaywyn O, KAl 0pYAVIKWY EVWIEWY),
avTAia avBpaka,

TPOTANYN BPETTIKWY
(nepropiopoc eutpopiopou, Procsluyiavon, emelepyacia & avakUKAWGON AURATWY KATT),

OpIOPEVA amoTEAOUV BepcAIWdeIC 0pyaviopous
Yid OUYKEKPIHEVA OIKOOUOTAHATA,

alwrodeopevan (dcoucuon Ny),

HEOW TNG amoikodopnong Toug — PioAiraopa K.da.,



BioAiraoya Anabaena spp.: ev3ooupPIwWTIKG KUavoPaKTNPIO YE
Alwrodtoucuon To nTepIdopuro AzZolla — BioAimaopa oe opulwveg




]

{ "n'F '}

it in RF; A greriaht ) if

https://theazollafaundation.org



http://theazollafoundation.org



BioAimaopa (biofertilizer)

TTpoaBnkn ukwy aTo £dawog

Ta YUKN oup paAouv

a) aTnv auénon TG mapaywyikoTnTag Tou £3agoug
(To £dapog PeATiIUVEl TNV APAYWYIKOTNTA TWY KAGAAIEPYEIWY)

B) PEATIWON TNG TO10TNTAS ToU TTEPIPAAAOVTOC
(1o £dapog peTPIAlEl TIG EMIMTWOEIG TWY TEPIPAAAOVTIKWY pUTWY
Kal TaBoyovwy opyaviouwy Kal mapayoviwv)

y) aTnv uyeida

(To £dapog PeATiduvel TV uyeia Tou avBpwmou, Twv CWWV KAl TWY GUTWY).
TT.x. MpoiovTa amd PUTOTAAYKTO HTTOPOUV vd mpoaTaTtEéyouy
KAGAAIEPYOUREVA QUTA amo TPOOPOAEG amo 100G, PAKTHPIA 1 HUKNTEG.



BioAimaopa (biofertilizer)

napadeypo datodukn, xYAwpodUkn K.o. oA OxL ....poS0AL100L (!!!)

Aiadeoiuotnta

X UNAO KOOTOC

Opemntikn afla

MAovoto o pkpoBpentika (Fe, Cu, Zn, B, Mn, Co and Mo),
MAouoto os pakpoBpemntika (Ca, K and P),

Bitapiveg

AuéntikEc oppovec (auxins, betaines, cytokinins kat gibberellins)
I6LotnTa ynAlwaonc (chelating property)

= Eatpetiko BeAtiwtiko edadouc !

[£vn TTOU XPNOLUOTIOLOUVTAL GE TIOAAEC MApaKTLEC Xwpec onwc Kiva, MaAAla, IpAavdia,
lanwvia, Kopea, NopBnyia, Zxkwtia kat OiAtnnivee (Kumar et al. 2012):

Ascophyllum, Dictyopteris, Durvillaea, Fucus, Laminaria, Macrocystis, Padina and
Sargassum (Kumar & Sahoo 2011).



OVOUOTA EUTTOPLKWY TIPOLOVTWY

*
*
*
Seaweeds Format Applications
Ascopliylliom nodosum Seaweed extract + Mg L | Biosumulant
- Soluble seaweed extract  |L | Plane growth
powder stimmulant; sod
ameliorane
Sarpasoum sp., Laminaria Seaweed and NPK L | Fernbzer and
sp., and Ascoplrpllum brosumulant
nodesin
Brown scaweeds Seaweed extract and L | Fernhzer and
fish protein biosnmulane
Mix of mainly greenalgae | Seaweed compost with 5 | Fertihzer and
mirsse] shell liming
Ascophyllum nodosum Seaweed extract wath L | Ferhzer and
urea, iron, and anuno biosamulant
acuds
Composting 5 | Compost
accelerators accelerator
including seaweed
Ascopliyllim nodosum Scaweed extract L | Biostumulant
Ascophrylliom nodosim Organic-mineral L | Femlizer
ferulizer wath
seaweed extract
Ascophylliom nodasum Seaweed extract + L | Fertibzer
NPK
Liqmd seaweed extract  |L | Biosomulant
Sohd scaweed cxtract 5 | Brosomulant
Edbdomia maxing Seaweed extract L | Fernhzer and
brastimulant
Ascophyllom nodosum Soluble scaweed 5 | Supplement
powder
Kelp meal S5 | Fernhzer and soil
amendment
Liguefied seaweed L | Biostimulant
Sanpassion wightii Sun dned seaweed S | Fembzer and
brosumulant
Agarofit algac Fermented algac + S | Biostmulint
vegetable structure
Asophypllum nodosum Seaweed extract L | Biosumulant

Bio magic
BiotechMarine
Maxicrop

K.CL.

peawend prodact Crop Format Eact
el i\ ol A Sewwerd exorect || Increnes m fresh and dry s
Wlaockop apaiw asenwm | Sewweed exoacy | Encrease bengsh, dusneter, and fnair
i sy lusm aodmny yackh
Asrioplepliion modrimm Mpwechiz avloaifies Srawerd exmact | Improved ovenall phyuclogical
bealth and reduce dallar ot
Biotechdanne Fioar pifera & d exmracy || b growth together with a
Bacurer
CEpACAY 1B usilsing
AP ITCn in plint oejpE
enpevally u leaves and sgan
eI 1o ioughy e
Diriveya [Sampavia irghes) | Coatgpiam o, Seawoed exeraer | Dhevcloped reintance o the
Bacicrd p.u}h'-gm Manthomonds
campriins Py, malvsnranm n o
Ceobrar M He™ Msfun dowpertica Seaweed exmraet | Seronger vegetsives groweh than
{-'I-\'qlhl'— modicvmmi) controh, s mprovod Bowsr
aned Kelpak™ quahiny and pralonged Blocming
(o v}
Awviglrpllam modoswm  Hira ruropans Seaword extract | nprovensost in the productvany
and oul conbene of olives and the
epualiny of olive ol
Rimemuiagisa aminiass Ahritmicka Licganl fermieer Lenprvneed wred m.w
vimdenivan tengreh, oo bengh,
Sember of lateral rood, umher
of keswoen, nmiber, length and
wrght of weprtablo, total
chiarophyll. and carntemoade
i Npindria olresara: Soaweed extrat | Inoveane the sotal phenobs and
favunobh camposcnn aid ool
anroonsdana levels
Asoplipliam wsdoanm Eires svmiima Sevword exmat | Improved Sorliny coefficien,
shownt benegeh., shant dumeter, and
Eea area
Beolised echod frosm ea iy Seaweed Sommuslave: muaize showt amd soor
Ll il SO ENEE clomganon snd member of
seminal roose and exchibated
emiprovement i the bios hemsesl
TVt
Dt seawoed {muaindy el Conapost Anooly mse of &6 tha of compoa
Laaiards ape. snad Hposprnianm wnd moressed the vield of two
t.',u.h-ﬂ.np-.]- stiws pitving e ewie fhopa [omida snd
emace)
Auiphyplem wodeum Sl rvever: Seawond catrst hrmﬂmw,mqqm
tpreprnaum ancd eosncentratiom of mumcrah i
the dhaoat, Frar ingreases yicld
and quality fure, colir, Ermses,
enkal soluble solich, awcordar acid,
anad nEneral ek}
"Dicy trig”: A ssoplyllaen Rsamaniniy Porder Irercane i ol ansoung and bead sees
Swpeinm, sl offiamilis scaweed
Limsinaria EMErRT
Lo favicans and Mabar ol Seawerd extracy | Indweased the seediwgs groweh and
e umproved e il enrynse
sunvities in replant wil
Mipamuddania Canardinn Tt gndirum Lauad fombiser | Synengitic inflocncs wigh nera
fiernizer that imcrcase growth
[t sewced: [rramby Nolamvw fabaponmn | Coanpant Incweased total producisn amd
Lapeiniiria wfy, ansd reducrd Bancommeroal
L ytancira i) prosduction
|eppiar Martime Abrfmichur Lapund fremibinee Enbunce the growth
Private L1l exuleni
Sunred® ins idaifera Sepweed exmraer . | Prosmote the grape coloring
A neplrylhin sodomm eodd ey s datiia s Sevweed extracy | Peumve oifecr on soed geemmination,
SaFpEiaT MR Lamaa sitios plant devebopmment, asd
prusdinmon
A copinpfiam sodoimm Viny plaifira Sepword extrace | Inoreasr i vackd, nimber of bermie,
and snchocyanm extracisbdiny of
berry dons
Coodamm devorfeanum apaum e Laqued] Ervshaer Fopche grommmnstion, gowth,




PodoAl0wkoi nuBpéveg tou N. ATAaviikoU

Meooyeioxol
podoAiBikol
TWUBUEVEC
KopwBiakog
(25-35 m BaBog)
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Mlchalak & Messyasz Eﬂ%&l %ﬁm&e review of qu{igph
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Bokn & TTepipaiiov

pwToauvBean (deopeuan CO,, mapaywyn O, KAl 0pYAVIKWY EVWIEWY),
avTAia avBpaka,

TPOTANYN BPETTIKWY
(nepropiopoc eutpopiopou, Procsluyiavon, emelepyacia & avakUKAWGON AURATWY KATT),

OpIOPEVA amoTEAOUV BepcAIWdeIC 0pyaviopous
Yid OUYKEKPIHEVA OIKOOUOTAHATA,

alwrodeapeuon (dcoucuon N,),
HEOW TNG amoikodopnong Toug — PioAiraopa K.da.,

paan TpoWiKWY TAEYHATWY — TPOWYN Yid avWTEPd TPoWiKa eminedd,



$Ukn we Cwotpown OTIC UDATOKAAAIEPYEIEC

Mn Tofika BaAagaia pikpowWUKN,

ATTOTEAOUV THV KUPIA TINY N TPOYNG

Y 1a TOUAAXIOTOV KATTola oTadia Tou PIoAoy IKoU KUKAQU
TTOAAWY KaAAlgpy oupevwy BaAacoiwy wwv.

YynAn datpopikn afia:

UYNAN TTIEPIEKTIKOTNTA O TOAUAKOpPEDTd Aimapa ofea
(Muller-Feuga et al. 2003).

TToAAa BaAaoaia {wa Sev £x0UV THY IKavoTnTa cuvBEeong i
OE IKAVEG TTOOOTNTEG OPICUEVWY PATIKWY AITTApWY oWV, : Paviova
OUVETTWG, ECApTWVTAl Ao Tpown PaAciguevn G GUKN.

Skeletonema, Thalassiosira, Tertraselmis, Paviova,
Isochrysiskal Nannochloropsis

TT.x. To diatouo Thalassiosira pseudonana
KAAAIEPY E1TAI EUPEWC WS TpOoWn

y1a TToAAd paAdakia Tou Eipnvikou wkeavou.



‘EAeyxoc AcBeveLwv oTiG YOATOKAAALEPYELEG

OdeAn amo T Xpron Twy UKpodpUKWY WE oupmmAnpwpata diatpodng
* EUmenta

* YnAnc dratpodiknc alog
(MAovcLa O MPWTEIVEC, AidLa Kot amapaltnTa BpemTIKa).

EmunpooBeta oplopeva pikpodukn dtabetouy (buoika)
* AvTIBLoTIKEC OUGLEC

* AvooodileyepTiKd Blopopla.

[EVETLKI) LXCVLKA

BLOEVEPYEC OUCLEC OTTWC

QUENTIKEC OPUOVEC yia Ta PapLa, avTIBaKkTnpLOKEC OUCLEC, UTTOMOVADEC EpPoALWY,
OTOXEUEVA oTouC Loug RNA k.a.

IApepa, aveEEASYKTN XpHon avTiBlotikwy, akoua kot doppoAng™ 11!

*cmn:’nppu]; N aywyncTne evaupeiac Avbpopsba - lyPuoradepyeieg, evdvnia atov iyBuokadhepynty Xpijoto Aofiepbo
ITeACKATO oW KATYYELAE XPIion YUKV ooy, orwc ¢oppodn, Ti¢ oamec TpodEc, Kol T Ypo T Tov Siytuuy.
28 Mcitow 2020

https:/ /tvis.ar/news/ellada/ dikaiosi-toy-isthyokalliergiti-stalakat o-giatis-ixthyokalliergeies poy-mas-taizoyntoks



ZuvduaoTikni
rnoAu-tpodikn
voaToKaAALEpYELDL

ZUYKOAALEPYELEC

Araujo 2021, open access
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Integrated multi-trophic aquaculture
(IMTA)
dissolved dissolved
inorganic inorganic
nutrients nutrients

Macroalgae



Zxnuanikn oyn TlpwroTumou ZuoTnUATOC
2uvduaoTikn KaAAligpyeia Mikpopukwy, ZwonAayktou, Yapiwv

1. VYadarivnAekdvn pe Apata 1,
2. Yéarivn Aekdvn pe Mpata 2,
Yaddarivn Aekavn pe Abpata 3 otou

. —

TapdyeTal CWOTAQyKTO, 5 % q.D @Q?ﬁ)ﬁ) QCP@P
Se£apeveg EVTOVNG EKTPOPNG, v l
Aefapevn pe yovo, 7 Ht' : |+ | i i i | | |

Zuvdeon defapevwv 1 & 2,
AvTAieg
(8& 9) pikTpa wapiwv. 1

b

0 I o

Integrated Multi-Trophic Aquaculture /
takes advantage of the mutualism between T =
some detritivorous fish and phytoplankton.

The fish recycle nutrients by consuminglive | | ]

(and dead) algae and provide the inorganic ¢
carbon to fuel the growth of live algae. T i — A"
Algae purify the water and generate the 8
oxygen required by fishes. =
Such mechanism stabilizes the functioning of

an artificially recycling ecosystem,

as exemplified by combining

the euryhaline tilapia Sarotherodon melanotheron
heudelotii and the unicellular alga Chlorella sp.

Fargier ef al 2012. An integrated fish-plankton aquaculture
system in brackish water. Animal, 7(02), 322-329.



Deposit Extractive

Integrated Multi-Trophic Aquaculture (IMTA)
Zuvbuaotikn MoAU-Tpo LK) USOTOKAAALEPYELOL - ZUYKOAALEPYELEC
Fed Aquaculture Suspension Extractive Aquaculture

(Finfish) L3 Organic Inorganic
(Shellfish) (Seaweeds)
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Aquaculture (Invertebrates)

S . Iuvbuaopdcg
N R T N IxBuokahMépyerag pe

= QotpakokadAiépyeira (5inOnpatoddyol opyaviopol, POM),
* MukokaAAiépyera (adopoLwvouv Sladupéva avopyava Bpentikd, DIN),

= KaAhiépyeia @ puppartoddywv (m.y. extvodeppa, oAoBolpia, moAlyatol)
(neydlwv Slaotdoewv POM, neplttwpota —pevdonepirtwpata (F & PF) ano toug unBnpatoddyouc.

= H Bwoavatdapatn otovnubuéva avayevvd emnpdoBeta DIN, kdvovtac ta Siabéoipa ota pakpodixn
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Bokn & TTepipaiiov

pwToauvBean (deopeuan CO,, mapaywyn O, KAl 0pYAVIKWY EVWIEWY),
avTAia avBpaka,

TPOTANYN BPETTIKWY
(nepropiopoc eutpopiopou, Procsluyiavon, emelepyacia & avakUKAWGON AURATWY KATT),

OpIOPEVA amoTEAOUV BepcAIWdeIC 0pyaviopous
Yid OUYKEKPIHEVA OIKOOUOTAHATA,

alwrodeapeuon (dcoucuon N,),
HEOW TNG amoikodopnong Toug — PioAiraopa K.da.,
paan TpoWiKWY TAEYHATWY — TPOWYN Yid avWTEPd TPoWiKa eminedd,

BiomrapakoAouBnon,



BiorapakoAouOnaon (Biomonitoring)

Ta puUKn eival awoTeAeoparika otr piomapakoAouOnon
kal BewpouvTal "early warning systems” yiari eival

*  EUaioBnTa OTIC PUTIAVTIKES OUCIEC
(amoppumavTika, uypa amopAnTta gpyootaciwy kal {i{aviokTova,
OpemTika, Papea HETAAAA KATT)

*  WPWTOYEVEIC wapaywyoi & CUVETTWCE amoTEAOUY T Baon Tou TPOWIKOU TTAEYLATOG
amo TIC MPWTEC ouadec opyaviouwy mou emnpeal ovral amo Th puTIavon
Kal TToU PE TN oclpa Toug ethpealouy opyaviououg e uynAoTepa emimeda.

Opvyaviopoi deikteg (evdeikreg):

TAPEXOUV dNAadn wANPOWPopPIES HE

TNV wapouoia / amoudia Toug kKabuig Kal Thy apdovia Toug,
Kal TNV AciToupyia Toug

aKkopa Kai e TNV CUUTIEPIPOPd TOUG

w¢ mpog Tic wepIPaAAovTIKEC CUVONKEC wOU EMIKPATOUV OE Hia SeiypaTtoAnwTIKA BEon.



BiorapakoAouBnan (Biomonitoring)

BioavaAuceic (piodokipéc, bioassays) * Bapéa pétala,

Siadikaagieg omou epapuolovral P1odeikTeG N * ¢utopdappaka Kat
* TINTIKEC OPYAVIKEC OUGIEC

BioaigOntnpec (biosensor), Biotéar (biotest)
OUOKEUEC OTTOU YIVETAI ué:Tpnan TWV ATMOKPITEWY TWY 0pYavIouwy SeIKTWyY
ylatnv EKTILUNDON TWV CUVETTEIWY TWV aPIoTIKWY ‘ITEpIE}C[MGVTIKLuv ﬂﬂpﬂuEprv

oToug eupioug opyaviauoug.

TT.x. Sokipeg ToIKOTNTAG — EKTIUNON TNG AOWAAEIAC TWwy uddaTwy
chiCETm otnv umroBean ot n aﬂ:inan TWY HUTTf.:lpUJU givai wdhwn ge
TNV CUYKEVTPWON TOU TEPIOPITTIKOU ﬁpannmu n avTioTpopws avaioyn |
™S tofivne (tofikotnta efapratar ano °@, S%e k. a.) :

’i‘ﬁtps f furven tame-water,com/en/
services/norm- ﬁﬂlutmn @

P

% algaesASE!

Kafoplops emmébou Bpertikdiv ij
TONKWY eV oEwY (aROMA Kol PETAA WY ). Scenedesmus subspicatus
MMuka vepa Mukd vepa



BiorapakoAoUBnan (Biomonitoring)

BioavaAueseic (piodokipéc, bioassays)
BioaioBntnpec (biosensor), Biotear (biotest)

TTAeovekTRuaTa

* opyaviouol euaioOnTtol aTic TepIPAAAOVTIKEG peTaPOAEC.
* TTOAUTIANBEIC KOIVOTNTEG

* OXETIKA EUKOAOC XEIPITUOG.

* dev uTtapxouv NBIkoi TTeplopiouoi (0TTwE 0Ta OTOVOUAWTA)

KaTta T OOKIUN THG TOLIKOTATAG TWY d1AP OPETIKWY EVWIEWY




Test compounds
Crude cils:South Louisiana, Euwait,
Yenezuela, and Alaskan

Diesel fusl gils Mo 2: Amer. Petrol. Institute, ©

Baton Rouge, Baytown, Maortana, New
lersey

Crude oils: Atkinson Point, Morman Wells,
Fembina, and Venszusla Coraxt (unnamed)

Coal liguefaction, shale-oil and petroleum
products

Crude cil: Tunisian

Crude oil: Elafish

EFlight diezel

BR L1100
BEPLLOOWED
Shell Gil Herder

Crude cils: Ekofisk and Stratjford

Cruce oil: Morman Wells Corexit 9550

Diesel fusl oil Mo 2: American Petroleum
Institite

Chrysene (water soluble PAHS

Ol samples from thetanker Arestiges spill

Eight groups of crude ol
Accidental oil spill in PMumbai Harbor

Test species

Ao e i
AGMERSHLAY FUGaripioarunm

FCOIRLELT
SFLgIness
Sk=lstorema costatim
e

AT LT

Chigrefia saling

ThndAce A5 3
Thalassiosirg Q—'n.l.l::l-\.-.l.l L

dc-smgn

SROSERLT CODFCorn gL
[icrocosms

Dungiieiia tertislecia

[darne phytoplankton community

Matural periphyton

Observed stress response

Fuel ail: lethal &t Lo mL (20 mLj?

Crude oils:not toxic st 30 mL (20 mL™

Fhotosyrthesis of Chiorsia outotropnics was only temporarily depressed by the
crude oils st 30 mL 20 mL7- Four of the fuel cils inhibited photosyrithesis, 0.
oltput decreasing to ero without recovery {exception: Mortana fusl il

It sty primary produdion was significantlhy inhibited by all types and

concentrations of oil tested (at 10 ppmi. Inhibition gensrally increasad with
increasing oil o
crude oil or Corexit alone

Basadan 0 assimilation measurements, the coal-Higuafaction products inhibited

alzal photosynthesis st water-soluble fractions concentrations two arders of
magnituds lower than the petroleum products; shale- ol products were
intermediate intoxicity.

Taxicity isrelated to nutrient limitation conditions L00 mg L0* lethal in P and N
limited media, and less severes inthe Si-limited media Chl-aand carbon uptaks
more sensitive parametersfor aszessing hydrocarbon toxicity than cell courting

5ocostordr and growth rate most sensitive than chlorophsdl cortent per cell and
th-: ratio of invivo fluorescence to chlorophyll cortent

Stimulatory effeds on photosynthesis by low levels of BF light dizsel (0.05%% ) and

the oil dispersart BP LL00K i0.005%), either alone or in mixture Inhikition of
Chl- o content st hicher levels of BR light digsel, BPLL00E and atall the tested
concentrations of oil dizparsants BF 1100V Dand Sheall il Herder,

Feduced photosyrthetic capacity. Highest sensitivity: 5 costot
Iy lab batch and in s dialysis culture

Chl-greduced at oil exposure concentration of L-2 mgLl = Mo
INIMERE COmmuUnity Composition
Interms of Chi-ccortent: 3o ECa, = 0015 g L7
0.Sa gl

Pheotosynthetic activity and chlorophyll-a concentration decreased after24-72 h

Sel ECyy=0.014 gL% Tl ECa =

Significant inhibition of photosyrthesis (basedon Fuy/Fm, ETA L., and
photosynthetic efficiency e-values) after only 1 b of oil exposure with clear
concentration dependency. After 3 d, phoetosyrthesis remained inhibited
although cell survival was only slightly effeced

High concertrations of ol of decreased Chl-a content

sy significant decrease in phytoplankton population, inhilition of
photosynthesis associated with degradation of pigments {increasein
phasophyting.

ncertration The crude ail-Corexit mixktures weare mores toxic than

. Similar results

abserved sffection

Refarances
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Siranetal (19935
El-Dily et al (1997
Gonzalez etal (2009}
Carrera-flartines: et al,

{20100

Huang etal. 2010
Jaiswaretal (200137



BiomapakoAouBnon (Biomonitoring) peow ProavaAlocwy
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B30
Waterspliting " _
PSll Complex

Oubtetayopevec peetecemiPeBalwoay otL ota pkpodukn,
N avaotoAn tng dwroovBsongelval Paocikn anokplon (basic reflex) otouc ponoug
KOUL OE TTOAAEC MEPIMTWOE LC ELvaL TILO EvaloBnTn o tnv avactoAn tngavénonc.

H uétpnon tne pwroocuvBetikngdpaotnprotnragn tne kabBuotepnuévngamnodiéyepong(delayed
fluorescence, phosphorescence) tnc xYAwpodUAANC
anoteAouv KaAec peBodouc yla TNV avixveuon nokiAwy mbavwy KATAOTAOE WV OTPEC.
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Bokn & TTepipaiiov

pwToauvBean (deopeuan CO,, mapaywyn O, KAl 0pYAVIKWY EVWIEWY),
avTAia avBpaka,

TPOTANYN BPETTIKWY
(nepropiopoc eutpopiopou, Procsluyiavon, emelepyacia & avakUKAWGON AURATWY KATT),

OpIOPEVA amoTEAOUV BepcAIWdeIC 0pyaviopous
Yid OUYKEKPIHEVA OIKOOUOTAHATA,

alwrodeapeuon (dcoucuon N,),

HEOW TNG amoikodopnong Toug — PioAiraopa K.da.,

paan TpoWiKWY TAEYHATWY — TPOWYN Yid avWTEPd TPoWiKa eminedd,
promapakoAouBnon,

auvBean & mapaywyn diapopwy ouaIwyY
(propalacg, mpoaBeTwy d1ATPOPNS, TNKTIKWY, PAPUAKEUTIKWY OUTIWY K.d. ).



BloouvBeon

H BloAoyikr cuvBeon UMEPTEPEL TWV XNHLKWY HEBOSWY
yiati ot TeEAeuTaleC elval

ETUITOVEG KOl AKPLPBEC dLadIKACLES KOl
TOL XN LKA TIOU ¥phnoLporotovTal Oev elval GLALKG pog to meplpailov.

Bioactive
Compounds

Secondary
metabolites
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Fresh seaweed products,
Sushi wrappings

Seaweed-based materials
mil:-a‘-

dc
Jpase cks
geaweed pullding bio

@ health, drugs and wound healing
po®

@ health promoting food ingredients
@ food proteins, flavors & pigments
& functional hydrocolloids for food
@ Gut-health promoting feed ingredients &a
@ Animal feed, proteins etc & o
skin care and cosmetics &
@ chemical building blocks & enzymes o
@ growth substrate for production of fungi S
@ soil improvers and plant stimulants s

@ bioenergy

Text:Lene Lange. © 3F, Denmark {Jesper Lund Larsen].



TexvoAoyiec petoatponic Bropadog o KOUGLLLO KOL EVEPYEL

Biopadot: n opyavikr DA EVIOC TWV 0pYAVIOUWY dLaBEoLun o avavewaolun Baon

N NALOK EVEPYELD OTMOBNKEVETUL LECW PWTOCUVBEGHC LE T HOoPPI] TNC XNLLKNG Kot
mapaAAnAa mapayovtol MTOAUTTAOKEC KOl XPHOLULEC XNMLKEC EVWOELC.

Astdopocmapaywyn BLOKaUOIHWY Kol CNUOVTLKAC aElog XNILKWY EVWOEWV.

Zoyxpova BlokaUopo

L]

L ]

*

AAKoOAec (BloalBavoln, BlopeBavoin)
BlovtileA
Bioaéplo

YEpoyovo Mpoiovia uPnAng atioc

*  AAKOOAec (EVALTOAN = PUOLKO YAUKQAVTLKO, YAUKEPOAN)
*  OpyoviKa 0EEa: (KUTPLKO, YAUKOVLKO 0ED

* TAUKOVTLKEC OUGLEG: PpoukToln

* Butapivec: C, B12

*  AVTIBLOTIKA: OTPEMTOUKIVN, KEQUAOOTIOPIVEC

* [pwrteivec & apvotéa

*  BloAutdopoaro

*  BrosvrtopoomnwdnTika

*  BlomAaotika



Aquaticbiofuels

Mol emeiyet;

e EEQVIANON OPUKTWY KAUGLULWY
* OpUKTA KOO (cuEavopeva mpoBANpaTa oo Tt XpHon OpUKTWY Kauolpwy)
- E§opuln: cupPatikn & udpavAikn pwypatwon f didappnén (fracking)
- Enefepyaoia, amoBnkeuvon
* MeTagpopa (atuxnuata K.a.)
* Xphon
=2 KALOTIKn Kplon, 0flvion WKEAVWY, VEKPEC LWVEG .......

Mot dUKn;

AUVETOL TO TIPOPANLT ETIL TNC ouolag e Ta Blokauolpa ; 5 & Memv napaywyr H,; L*a E‘@.ﬂ_ﬁ
AvakUkAwon: xprion CO, cAAd KoL EKIOMITR. QO Sev URAPYELTO (5L0 npnB?tr]uu V

Aev avraywvilovialTnv yewpyla, mpooappoyn oxedov navtou (....epnuo !)
Metovektnpo: upnAo KOoToC
TEYVLIKO ELTTOO L WOTE va MELWBEL

Agv ypeLalovtal kaBapo, YAUKO VEPO

YnAn mapoywyLlkotnta

(vavokatahriTec, aflomolnon ouvTpolovTWwY K.a.
M tofika kol Blodlacmwpeva

Ta pUkn otepouvTaL Alyvivng Kot dAAwv peyodwv BlomoAupepwy,

mou mapeunodilovy ™ WHwon e Plopalac omwce ote avwTepa GuTa.

-



TTapaywyn prokauaipwy
ava £ido¢ puTomAayKTou

TTepiexopevo oe

Taxa JIKPOPUKUN Prokavaipo Biphoypapia

(% Enpou Pdpouc)
Chiorelia sp. | 29 Sheehan et al. (1998)
Dunalisila terdiolecia 3642 Tsukahara and Sawayama (2005)
Tetragelmis suecics 15-32 Chisti (2007)
Thalasslosira peaudonana 21-31 Brown et al. (1996)
Nannachloropsis sp. 46 Hu et al. {2008)
Botnsococous braunii 28-75 tetzger and Largeau (2005)
Mannochlorissp. 21 Sheehan et al. (1998)
Skalatonama costaturm 87 Rekha et al. (20123
Chioralla mating | 06 Rekha et al. (2012}
Dunaligila sp. | 666 Shenbaga Devi (2010)
Mannochioropsis sp. B35 Shenbaga Devi (2010)

*Ta un N povookopeota Aumopd ofEa pkouc 16 | 18 atopwv avlpaka
glvalTa KaAUTEpA Yot TNV mapaokevn BlovtileA.



BioSwAiotripio (biorefinery)
H povada mouv SLaBETEL TIC amapaitnTeEC TEXVOAOYLIEC Kuil EEOTIALOUO
vty petatpornn the Bropdoc oc BLOKOUGLHO, EVEPYELO KOl GNLLOLVTLKC TTOP TP OLOVTOL.

L]

ZOpwon: Metatporr) yAukolng og alBavodn (kavoipo kivnone, okéto A e Beviivn)+ H,

* Meteotepomnoinon: tpyAukepidla + pebavohn - peBuleotépec
» Metatporn utikwy eAaiwy (N {wikwyv Anwy) o BlovtileA.

L ]

Avaepofia amolkodopnon actikwv arnmoBARTwy GUTLKWY HEPWVY, KOTIPLA KATT
IAOC (maparmpoiov, TAOUCLO 0 BPEMTIKA + LYVOOTOLXELT)
#» Blroagpio (= pelypa CH, + CO,)
Oeppuikn &

- Separation
nAeKTPLKN evEpyela & l H, —[ Hydrogen ]
# BloAinaopa ey
.. Dark
fermentation

L]

Napaywyn H, (e
nopouocia Gwrtog .

Anaerobic
digestion

Fermentation Biodiesel

Biogas

Bioethanol



lyne arm
boiling chamber

Ta ®ukn wg MNnyeg Blokavoipwy

water jacket ——

a) Lopwon tne Bropdloc = napoaywyn BroeBavoAng

collector

P
« —— drainage

B) exxUAion Autidiwv ——
heating element

Oplopévo Uk mapayouy LEYUAES MOOOTNTEC ML LWy,
Neplocdtepa oo 300 oTteAéxn GUKEV EXOUV XOPOKTNPLOTEL We
OLKOVO [LLKLE O HaVTLKG (SLaTopa, YAwpodUukn K.o.).

To yAwpod ko Botryococcus braunii mapayel peyaha mooda Aumidiwy,
Mapdyel povadikoig C17-C34 akdpsotoug moAu-ubpoyovavl pakeg
>30% &npou Papouc.

O netpehaikol oylotoABol, kol LLkpa mooooTa apyoU meTpeAdaiou,

npogpyovTal ano vbpoyovavipakeg Tou Botryococcus.

Acid Value (AV)

10.66 mgKOH/g —— 0.51 mgKOH/g
100w, % » 86.1 wi.%

\ ff P
| Transesterification =
. o
g . 1
Crude algal oil Esterified oil Biod

bttpss S cla auburn 2du) ces! energy/ algas-as-
energy-alook-to-the-future/

hittps: v, stiencedirect com,/ science/ article, pii, S LEETES07 L7 200419



Arnolkiectou YAwpodukouc Botryococcus e EAALWOELC OTAYOVEC. To AUTLO LKO TIEPLEXOEVO TWY
KUTTapWV Unopel va praceL to 25-75% tou upou toug Bapoug.

1 Hirano et al. 2019
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https:/fupload wikimediaorg/wikipe dizg/commaons/thumb /&6 /6f  Farmati
on_of_Chlorella_cell-based_spheraidswebp/800p-
Formation_of_Chlorella_cell-baszed_spheroidswebppng

Ta QUKN we Mnyéc Blokavoipwy

8) cuotnpata napaywyng H,

MNapaywyn H, and ¢pukn
(Chlamydomonas sp., Scenedesmus sp.,
Nannochloropsis sp., Chlorella sp., Dunaliella sp.).

OE OUYKEKPLUEVEC OUVBIKEC
(apeon N eppeon Blodwtohuon
N {UpwWon Mopovoia N anovola pwtoc).

To 2000 avakahUpBnKe OTL 0
KAt TN dwrtoovvBeonto YAwpodUKOC
Chlamydomonas reinhardtii

amoucia Bsiov avti va napayet O,
noapayet H,. d

Melis, A. et al. 2000. Sustained photobiological
Hydrogen Gas Production upon Reversible
Inactivation of Oxygen Evolutionin the Green Alga
Chlamydomonas reinhardtii. Planty Physiology.
2000;122:127-135.

w B




Ta ®ukn wg MNnyeg Blokavoipwy

8) cuotnpata napaywyng H,

— H katbon H, oTig unXovee, anodEpeL wg mapanpoiov Lovo vepo.

Tito WoLaitepo £xouv ta GUKN AUTA WOTE va Mapdyouv aéplo H,;
Oplopeva xAwpodukn kol alwTtodecUEVTIKA KUavoBaKTipLa tapayouV asptlo H,
XPNOLHOTIOLWVTOC TNV EVEPYELA TOU NALaKkoL GwToC. @ B o

st
w1 npeplied
Bt fumrh-cord stach

EXOUV GUYKEKPLLEVEC USPOYEVAGEC

e- ano H,0 petadepovral ota atopa oLdnpov,
mou evtomilovtal 6TLC UOPOYEVAOEC =2 £KALON H,.
(beppedolivn)

Kuplapyo epnodio: evatobnola vdpoyevacwy oto O,

VEVETLKH HNXOVLKA
LLETOTPOTI) TNC SOUNC TWV USpoyEVaoWY =2
| evatoBnolacgoto O,




Brown macroalgae

Conversion solid-liquid

extraction

ethanolic

Enzymatic hydrolysis
and fermentation

glucose &
extract e
laminarin lipids succinic acid
fucoidan fucoxanthin
alginate
+ Macroalgae residue Macroalgae residue

s

Reducing sugars and
functional ingredients

bioethanol

l |
= =

biosorbent biogas

Enzymatic hydrolysis

Separate hydolysis and
Fermentation (SHF)

Macroalgae residue

|
e

proteins

Filote 2021



Red macroalgae

Conversion solid-liquid

extraction

cellulose

lipids

phycobiliproteins agar

carrageenan

» Macroalgae residue

s

Biogas and biochar bioethanol

TAH / Enzymatic hydrolysis

Separate hydolysis and
Fermentation (SHF)

l

bioethanol

|

Macroalgae residue

biosorbent

Filote 2021



Green macroalgae

Conventional solid-liquid

extraction

sap
cellulose

lipids

Y proteins
ulvan

» Macroalgae residue

|

bioethanol

Filote 2021



TTapaywyn peuparog

MikpoPrakn KuyeAn Kauaipou

Reduced
Fuel oxidant
'
Mediator Y '
(reduced) [ , ¥
‘ﬁ.}\ 5 E r
Y.n’ :
E coli (oxidised) : |
l lon-Exchange-
Membran
Oxidant

O&eidwon mpog CO,

KuyeAn Kauaipou

HE + 02 - HEO
-+
NAEKTRIOUOC
+

BepuoTnTa



TTapaywyn peuparog

BioAoyiko %Tol}ohm‘l'ué 20oThpa

Anode Cathode |
Respiring -
Bacteria

CEM _ Attached algae

@

KupéAn kavoipou pikpodUkoucg-Baktnpiou

https:/fars.els-cdn.com/fcontentfimage/1-52.0-5096085241501340 1-Tu1.jpg

https://voww.youtube.com/fwatch 2v=uPNDOw0410Q8

https://wwwivoutube. com /fwatch ?v=X-HE4Hfa-OY




‘E€unva Ktnpia

Bioevepyn npogoyn

HE QUKN

SolarLeaf 2013

@ % 40°C

1/3

THG OUVOAIKNG avayKng
oc BepuoTnTa

0AO TO XpOVo




BiorAdoTika

Fermentation

Bioplastic

Inamuddin, Tarig Altalhi 2023. Handbook of Bioplastics and Biocomposites Engineering Applications Wiley



BiorAdoTika

NON-TOXIC

PROPERTIES
BIOCOMPATIBILITY OF BIODEGRADABILITY
BIOPLASTICS

NON-IMMUNOGENIC

Inamuddin, Tarig Altalhi 2023. Handbook of Bioplastics and Biocomposites Engineering Applications Wiley



Ta eUKNn via Tnv mapaywyn PlomAdoTIKWY

Apeon petatpornn pikpodukwy pe uipnAo MPWTELVIKO popTio TpoC BlomMAaoTIKA.

Hot press

+ Plasticizer 9 Protein-based
bioplastics

Protein-rich
microalgae

Eppeon petatponn pkpodukwy pe vhnAo npwteiviko ¢optio npoc Pro-mohvoupeBavn

(bio-based polyurethane).
Protein extraction

-> i +H3C ﬁi -+ \C f _) Biobased

tic polyurethane

Protein-rich Protein
microalgae hydrolysate

Diamine Ethylenee



Ta eUKn via Tnv mapaywyn PlomAdoTIKWY

Conventional

plastics Biodegradable

& bio-based
Non-biodegradable ' Short harvesting life J
nature ?
v vV

Excessive usage & Produce various Starch,

: Cellulose, PHA
f-l i i
Improper disposal J /\ polymers PHB
v/ V
zéinplastics 0 t t
I Possible use of J 0 Rot.aormpsis

harmful chemicals I ;[ with food sources

Chia et al. 2020. Nature’s fight against plastic pollution: Algae for plastic biodegradation and bioplastics production,
Environmental Science and Ecotechnology, Vol-4, ISSN 2666-4984, https://doi.org/10.1016/j.ese.2020.100065.




Ta eUKn via Tnv mapaywyn PlomAdoTIKWY

PRODUCTION

YEAR

Market Trends |

“IIM. e

Production Technologies & — ‘* /

Nanda, N., Bharadvaja, N. 2022. Algal bioplastics: current market trends and technical aspects.
Clean Techn Environ Policy 24, 2659-2679. https://doi.org/10.1007/s10098-022-02353-7



$UKN via TNV mdpaywyn PlorAdoTIKWY aAAa Kal
via Thv arodopnon wAacTikwy |

'_ Algai

Biodegradation

- biomass

Naturally H Synthetically¢

Algae colonize

on plastic
surface

l Break down A
@ PLASTIC
gg:omers % POLLUTION —————
H,0 @ Bioplastics
New cell biomass PLA: Polylactic Acid; PHB: Palyhydroxybutyrate

PHA: Polyhydronyalkanoate; PE: Polyethylene; PVC: Polyvinyl Chioride

Chia et al. 2020. Nature’s fight against plastic pollution: Algae for plastic biodegradation and bioplastics production,
Environmental Science and Ecotechnology, Vol-4, ISSN 2666-4984, https://doi.org /10.1016/j.ese.2020.100065.



Ta gUKN WS mnNYR TPOPAC

Zuykoutdn n KaAAigépyeta Makpopukwv we Tpoen

» ATO 10 apeABOV HEXPLKOL ONUEPQ, CUAAEYOVTAL TTEPLTTOU
500 €idn pakpodukwy, WCTPodn KAt yia EEQAY WY XNHULKWVY.

# Kwelol ouykoploy pakpodukn yie neplocotepo ano 2000 }{ptﬁm, -
onuepa cudAeyovtal 74 e1dn pakpodukwy kat KuavoBaktnpiwy amno 36 yevn

» EAaxlota pakpodukn, kuplwc ta pododukn Porphyra, Kappaphycus kal Gracilaria,
kaBwc kal tot keArodokn (kelps, datodukn) Saccharina, Laminaria ko Undaria,
avantuooovial oe UOATOKOAALEpYELEC YLA Xprion oe TpodEC Tou avBpwrou
A yLa £€aywyr MNKTLKWY EVWOEWV,




Ta gUKN WS mnNYR TPOPAC

Juykoutbn n KaAAigpysia Makpoukwv we Tpopn

»Htpodikn atiatou pododukouc Porphyra Baoiletal kuplwe otny mapoxn Baoikwy Brrapivwy
A, B kot C, katBwe kot petdAAwy, cupnephappavopévou tou twdiou.

# Mo arhn otpwon ano nori — 6nA. €va TEUAYLOUEVO, TILECLEVO KO L QTTOENPOEVO TTPOLOV-
MEPLEXEL27% TNCOUVIOTWHEVNC NHEPNOiag doong oe Bitapivn A, umto popdn B-kapwtivng.
»Enlong, nmeplexetunAn avadoyia adopolwollwy MPWIEivwv (20-25% Tou uypol Bapouc),

N O€ XapaKTNPLOTIKA YELON Tou odelAeTaloTnV napouoia eAeUBepwV apIVOEE WV.
»MohovotiLunapyouy nepita 70 eldn Porphyra naykooplwc to edboc P. yezoensis € val To 1O
ONUAVTLKO QO EUTTOPLKN amoyn.

»H etrjowa ouykoudn Porphyra maykoouilwc exeLektiunBel ot afitel 2.5 ekatopplpla US S. H
ouUyKouLON Twy pakpodukwy dev umoBabuilel tblaltepato BaAdooio nepfailov evw
NMPoodEPELTTOAUTLLN £PYACLA OTOUC TOTILKOUC TANBUGHLoUC,

#»H OLKOVOULKA ETITUXLO QUTWY TWV OUYKOMLO WY EEQPTATALATIO TN AEMTOMEPELOKN BaoLkn

-
- PN
e
L]

Gonchocalls phass of "'-'-’.":"..-.'.'l
ke ey
Liniv Briosh Cobumbla web silg




AvanTuén Z&
Conchocelis

XeipovakTikn®™ 2 uykopidn
ouyKopidn HE '
Hnxavhnuara

Enefepyaocia



Ta gUKN WS mnNYR TPOPAC

Zuykoutdn n KaAAigpysia Makpo@ukwyv we Tpoen

Saccharing (tominaric) fjaponica H u\pnAn MEPLEKTLKOTNTA O€ LWSL0 TV KEATTODUKWY ATTOTEAEL
XP OO TPOCBETO Yot TO avBpwTILVO SLOLTOAOYLO.

Medicatn Filia

LAM I NAR!JAf

o LB




Ta eUKN w¢ mnyn mpooBeTwy d1ATPOPNS

KaAAiepysia Mikpo@uKkwv w¢ npoodeta S1atpo@ric
Light UVs

Butapiveg

H evbokuttapikn Beon twv
Blrapivwy ota Gukn Kol ot
TEPLBOAAOVTLKO L TTOAPAYOVTEC
IOV Kuplwc puBpuilovv to
TMEPLEYOLEVO TWV KUTTAPWV.

Source: Del Mondo 2020



= Natural colorants and

dyes

s Food additives

» Anti-oxidants

¢ Anti-inflammatory

& Anti-carcinogenic

* Immune hoosters

® Cosmetics & skin care

& Richinvitamin B, A& C
= MNutritional balance
# Reduces blood

cholesterol
Immuno-modulatory
agent

# |mproves cardio health
® Rich antioxidants

/

Pigments

N

N\

Carotenoids —rich
antioxidants
Anti-cancerous

Improves retinol functions

Synergistic compounds
Anti-tumorous
Prophylactic medicines
Anti-microbials

Secondary
Metabolites

» Functional foods

& Dietary supplements
& Essential Amino acids
& Fluorescent labelling
* Cancer biomarker

* Aquafeed
* Apimal feed
e Biodiesel feedstock
Lipids & & Oleachemicals
Fatty acids | e, * Dietary supplements
o s Aguafeed
— e Rich source of DHA & EPA
* Phytosterols- Therapeutics
& Anti- cancerous
Palysacchari- = Anti-cholesterol agents
Hes ® |mproves cardio-vascular

conditions

* Nutraceuticals

s Cosmeceuticals

* Drug delivery

* Dietary fibres

= Anti-microbial activity

e Anti-atherosclerosis

s Alginates — cosmetic
stimulants; processed foods

& Carrageenan —canned &
processed food

# Agar- capsule manufacture and
as foods



Ta eUKN w¢ mhyn TpooBeTwy d1ATPOPNS

KaAAlEpysiLa HIKpO@UKWV WS MPOoodsta S1atpo@ng

To paotiyiodopo YhwpodvUkoc Dunaliella koA Lepyeltatl yia BLopnXavikr mapaywyr tThe
B-kapwtivne kabwc mapayel katd 50 popec meplocoTeEPn O o)ean We tn Arthrospira (ex

Spirulina). Ot kaAALepyetec Dunaliella avéyxovtatl unAég cAaToTNnTEC.

A7 771 RN

o N e e



Ta eUKN w¢ mhyn TpooBeTwy d1ATPOPNS

KaAAigpyeia pikpo@uikwyv weg npocdsta diatpopng

To paotiyiodopo Yhwpodukoc Haematococcus KAANLEPYELTOL OE PEYAAEC TTOCOTNTEC YL
gKYUALGN TNC aoTafovBivng, LLaC KOPWTIVNG TTOU XPNOLUOTIOLELTOL WE AVTLOEELOWTLKO
OTLC TPOdEC USATOKAAALEPYELWV | WE XPWOTIKN O TPODEC KAl KALAALVTLKAL.




Ta eUKN w¢ mhyn TpooBeTwy d1ATPOPNS

KaAAlEpyeiLa LIKPOQUKWV WC TPOoIETa SL1ATPO@NC

To kuavoPaktnpio Arthrospira (Spirulina):
Exet moAU vnAo eninedo npwteivwv (50-70% &npou Bapouc),
vnAO MooooTO PLTapivwy B, Baoilkwy akOpECTWY ALOpwV 0EEWV Kol

B-kapwtivne. Epmopikec KaAALEpyELec Arthrospira SnLoUpYOUVTHLKOL OE TIEPLOPLOUEVOUC
umnaiBplouc BloavtidpaoThpec.

Xpnotyomoteltal we cupminpwpa dlatpodnc kol o vnoottlopevouc mAnBuopouc.

100% qumwd mpaide
Rupls ixloya




Arthrospira

Alpvn Kessorom, Toavt,

Zuhoyn avBuone (a, b).
T TEYVLILLOL KOLL
npoetolpaoia dihé

(c, d, e, f).










MNpwTEiVEC MO LOVOKUTTOPOUC OPYOVIOROUC
N IPWTEIVEC LOVOKUTTOPWY OPYOVIOUWY ] LOVOKUTTOPLKEC TIPWTEIVEC

Single Cell Protein (SCP)

Ynokatdaotoato N npooBeto Siatpodrc mAoUoLag o mpwTeiveg yia avBpwroug Kot Lwot.

https://microbenotes.com/single-cell-protein/



MVWwpPLoMOTO TWV HIKPOOPYOVIOHWY KOL TNC mMopoywyne mpwrieivwy (SCP)
OTNV OMoLa CUMETEXOUV.

q
MICROALGAE

\

® Protein content
60-70%

® Characteristics

Phototrophics,  production
omega-3 fatty acids.

of

@ Potential disadvantages
Economical limitations of scale-up,
digestibility (need of cell wall
disruption to release nutrients).

® Examples

Tetraselmis suecica, Isochrysis
galbana, Dunalielfa tertiolecta,
Chlorella stigmatophora, Spirulina

spp.

esterne

\
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y - [ ﬁ »
QO e o
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et Fyngis 0.23-15%

® Protein content

@ Characteristics

Use different substrates, production
of vitamins and micronutrients.

® Potential disadvantages
Improvement of protein content

and essential amino acid profile.
Possible presence of toxins.

® Examples

Yeast. Saccharomyces cerevisiae,
Kluyveromyces marxianus.

Fungi: Aspergillus oryzae, Yarrowia
lipolytica.

-
BACTERIA

® Protein content
50-80%

@ Characteristics
High protein content, growth on C1
substrates

@ Potential disadvantages

Palatability issues. High content of
nucleic acid. Production of toxins.

® Examples
Methylobacterium extorqguens,
Methylococcus capsulatus,

Rhodobacter sphaeroides, Afifella
marina.

Pereiraetal. 2022. Single-Cell Proteins Obtained by Circular Economy Intended as a Feed Ingredient in Aguaculture,
Foods, 11, 2831, https://doi.org/10.3390/foods11182831



BéAtioteg SLadikaoiec mapaywync MPWTIEIVWY Ao LovoKUTIOpouC opyavigpouc (SCP),
MOU EVOWLLATWVOUV TTPOTEYYLOELC KUKALKIG OLKOVOLLLOC.

EI.IBSTR#'I:ESI WASTE

Agricultural and food
washe

Urban waste

l Stenlzacion

LABORATORY SCALE

i Microalgae
\ @ Yeast &

; Furigi
SPC Adguisition from collections
producers i=glation from natural habitat

Scale up

".ﬁ&'

Bacteria

APPLICATIONS

| Target markets |
Dietary sounce of proteins, functional
ingredient, inmmunostimulatory

| additive |

S — - -

Desived characterlstics |

- Nen toxic - \’\

Fully regenerable

= Contgin & carbon source

Capable of suppodting
muftipication of FTCHOArGaEni Srms
-Ecamomic

PILOT PRODUCTION

Production of microbial
biomass (and metabolites)

Evaluation:

- Mutritional and toxicology
- Reproduction rates and
recovery levels

standardization of

1 Optimization and
production

INDUSTRIAL PRODUCTION

- Cell wall disruption
= Filtration
- Congentration, purification

Security evaluation
= Elimination of foxic
compounds and some
nucleic acids

Final product

Pereiraetal. 2022. Single-Cell Proteins Obtained by Circular Economy Intended as a Feed Ingredient in Aguaculture,

Foods, 11, 2831, https://doi.org/10.3390/foods11182831



MAcovexTAUOTO TOPAYWYNG MPWIELVWY OO LOVOKUTIOPOUC OpYaVLOLOUG:

-

-

Mikpoopyavioupol: vnAo petaBolioud kol pubuod avanapaywyng —

rapaywyn Leyain Blopdalag o gUYKPLTIKG ULKPOTERPO XPOVO.

Mikpoopyaviopol: priopouv eUkoda vo tportonoltn@oly yevetkd yia va petafdalouv tn oOvBeon twy
apLvosEwy.

Eupela mowkhia vnootpwpdtwy {npwtwv LAWY), cuprneplAaplBovolevwy YEWPYOKTNVOTPOd LKWV
amoPAntwy (Ecopata EVAou, mplovidl, KoAaprokia KATL, GKOWN Kol avBpuwriiva Kot Jwikd artoRAnta)!
— Melwon purtwy!

Napaywyn aveaptntn and KALLATIKEG cUVONKEC.

MeLloveEKTAUOTO TIPWTEIVWY amd HoVoKUTIAPoUS opyaviopnolg

™

YlnAn neplektikotnta voukAsivikol ofeoc (Lnopel va SnLLoUpyNOEL YOO TPEVIEPLKA TIPOPAN AT 1)
auEnuéva enineda oupikou otfog, nétpa ota vedpa, ouplkn apdpitda kAm). Adopd kupilwe BaktipLa.
MBavotnta aAAEPYLKWY QVILOPATEWY.

MBavotnta napouciac devtepoyeviov tofikwy petafolAitwy.

Kéotog nmapaywync vpnAo (arnaltolvial neplmAoka pnxaviata & eVKuTaoTaoELS).

EdapuoyEg TNC LOVOKUTTOPLKNG MPWIELVAG

»

(3¢ npocBeto Siatpodng orov avBpwro. AroteAsl koAl iRy Blrapvwy, auwvotéwy, HETAAAWY,
CKOTEPYOLOTWY VWV, TIUPEXEL AUECO EVEPYELA, KAVEL KOAO OF patia, d€pua KATL, XpPNOLLOMOLE(TUL oToV
£AEYYO TNG AU oapKiag, HUEWWOVEL TO cakyapo (Stapfntikolc), T XoAnotepoAn, To OTPEC KTA.

Enlong, xpnolLonoleital o KAAAUVILKG Onwe KpEpEeg mpoowrou, kpaywov (lipstick), mpolovta yia uyLn
paAhic K ATt

Xpnoulomnoleital eupewd otn oltion Booeldwv, MOVAEPLKWY Kol VEVIKOTEpa MOVALWY, Yaplwy KA, Z€
USATOKAAAE pYELEC OTWEC TOU coAouol, tne néotpodac Kal yapidwyv rnapatnpnOneay Betkd odeAn
onwc avinon g entBiwong kot tne avantuing puBulon tng eviepikng pikpoxAwpidag, evioyvon tng
gudung avooiag Kol ¢ aviloTtaong oto CTPEC.



Ta eUKN W¢ mNYN PAPHAKEUTIKWY EVWOEWY

Qapuaxsutikec Evwoetc ano @ukn

Aladopatunol KuavoBaktipLa kot QUK ELVAL TTNYEG EVWOEWVY E
ovtiBloTikn & avtikapKIviKA LOLOTNTA, KABWC Kol AAAWY GaPUOKEUTIKW
EVWOEWV.

Motkida KuovoBoKTRpLo IApAyoUV EVWOELC SpAOTIKEC O MatBoyovVoucC.
ZovA@oAtmidia: SpaoTIKEC OTOV LO TOU £PTNTA, THC MVEUMOVING, KOl TOV
HIV.

ToAutoéivn: avtipuknTiokl dpadon, He YopnAn ToELkoTnTa Yo TOV
avBpwro.
Lyngbya majuscula napayet aovuptAibia B & C: Spaotika otov uquthmué—. L] :
KapKivo Tou mveUpova. e \ilt
To BaAddoolo pododukoc Lophocladiasp. NapdyeLtnv AopokAadivn e '
Spaon oTov KopKivo Tou mveUpova Kot Tou atrjfouc. YT

Otav oL Xprolpueg BepameUTIKES EVWOELC TaLTOTIOLNBOLY,
To PUKOC KaAhlepyeltal pallka o Bloovtld paoTpec,
oLYKOULTETOL KAl

oKoAoUBEL ekYUALON KOl KOBapLopog

TWV EVEPYWV CUCTAUTLKWY,

Ta omola Kol dlatiBeviatlotnv ayopa.



Ta eUKN W¢ mNYN TNKTIKWY EVWOEWY

Mnktikec Evwosic ano Oalaocoia Makpo@ukn

Oplopeva Boddooia pakpodukn datodUkn Kot podod UK MOAPAYOUV TUNKTLKEC
EVWOELG OTIWC OAYLVLKO 0€U (1] TO METAAALKO TOU GAOC, AAVIVIKO AAAC), KApPOYEVAVD,

ayap Ko ayopoln.
Mpoiovta xpriotpa emeldn mpokaAoUv mnRén o vdaTIKA SLaAU pOTA.

H cuAAoyn Twv BaAdooilwy pokpodUKWY YLVETAL
elte ano Baiacoia puoikd mepLParAovra site oo USUTOKOAALEPYELEC.

SIGM

) I{- L
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Ta eUKN W¢ mNYN TNKTIKWY EVWOEWY

Mnktikec Evwoeic ano OQaAaocoia Makpo@ukn

AAywvika Alata

Ta ohyLvikd adoto elval Sopikol Belkol moAvoakyapitec.
Zuviotouv to 20-40% Ttou Enpou Bapouc Twv datoduKwv.

Mpoodepouv avtoxh, EVAUyLoia Kol okAnpotnta ota dotodukn,
et BonBouv WOoTE v avBLOTATAL OTLC LNXUVIKEC TILECELC.

Asv napaokevalovral YnuiKa.

XpPNoLUOTIOLOUVTOL GTHV:

l.  vhavVToOUPYLKN,

II. Bropnyavia xaptiol Kol 08OVIOKPENAC, 05 UALKA EKTUTIWONC, OTIABwonc
urodnuatwy, kaBwc Kat os e€oputn metpeAaiknc Adormnng,

l1l. Bropnyavia tpodipwy W SLOYKWTLKA MOy WTWY, LapUeAAdwV K.aL., KoL O TANPWTLKA
UALKEL KoL TTpOLovTa SLOLKOGUNGC OTHV apTomoLia.

MNyEC Ay LVIKWY CAQTWY CNUOVTLKEC A0 SUMoPLKN amon anoteAovy ta Saccharina japonica,
Kot eldn twv yevwy Laminaria, Ascophyllum, Ecklonia, Fucus, kaBwc kaL To yiyaviio Macrocystis
pyrifera, pe unkoc ewc 60 m koL Bapocg > 300kg.



Ta eUKN W¢ mNYN TNKTIKWY EVWOEWY

Mnktikec Evwoeic ano OQaAaocoia Makpo@ukn

Kappayevavn, ayop Kot ayoapoln

[MpOKELTOL YIC TTOAULEPT], TIOU TIPOEPYOVTUL OO podo@ukn,

ue vrepPoAika moAUTTAOKN XNELKH cUvBEon:

To dyap Kol OL KOPPOYEVAVEC ELVOL YPALLKG TTOAVEPH EVaA acoouEVWY popiwy (1 3)
B-yahaktolngkatl (1-4) a-yaraktolnc.

KappayeEVAVES: TIPOEPYOVTAL QTO EAQYLOTA YEVN pobodukwy. H peyaAlTepn napaywyn
VIVETOL OTLC TPOTILKEC TIEPLOYEC, LLE TIEPUTOU TO Y2 TNC MOAYKOOLLOC TOUPAYWYNE OTLC

@A uiveg kot Ty Ivéovnoia.

Ayap: Avtodueic mAnBuopol Gelidium cuAhéyovtal yia tThv eaywyr VP NARC-TIOLOTNTOC
Aayop 0€ ooooTO Mepimou 35% TNC MAYKOO Lo TPy WYHC.

Ayapoln: mAnBuopol Gelidium sivai iy Tng xanAng os Beuka ayapolng, nou
XPNOLUOTIOLE(TUL OE MNKTWHATA yLa oTttikomtoinon tou DNA.

N T



Biological

activities Physico-chemical
Anticoagulant praperaes
Pharmaceutical A ETGH |
e | Antiparasitic _. Food
Hypocholesterolemic S Gelation

R capacity hydrocolloids
\ £ Antiviral  Antiinflammatory | \\ market

Immunostimulant :
{ Water / Viscosity

- retention
Antibacterial-Antigungal i -
Cosmetic and
nutraceutic i
markets Agriculture market
Antioxidant Plant growth
stimulant /
: -

mm

BloOAOYLKEC SpaoeLg & PUOIKOYXNULKG XOLPOKTNPLOTIKG TWV £EWKUTTAPLKWY TMOAUMEPWV
EVWOEWV Kol oL SuvnTikég edapUoyEC TouC.
Source: Laroche 2022



Navotexvoloyia
21°5 oWV
“H karavonon kaw o €Aeyxog ¢ UANG o€ diaotdoelg and 1 —€wg 100 nm
onou povadikd douvopeva kabiotolv IKAVES KAVOTONES edapHoyES”.

Navoteyvohoyle: mvew patikd Tékvo tou Richard Feynman, (Poaficio Nopmeh Puaikic 1965).

Norio Taniguchi, 1974: |Grwvec EMLOTHLOVES, O MPWTOC MoU XPNOLHOTIoINGE TN VoVOTEXVOAOYLO yLa VE TIEDLYDOIDEL
“ BLEPYOLGLEC NLOY YWY TNC TOENCcTou vavopretpou”, axedov 15 ypovia peta tn StaAeén Tou Feynman.

Erl tou mapoviog, ol £pEUVNIEC dayoAoUVTIOL UE T oUvBESH PLoAOYIKA EVERYWY VOVOOW A TdLwY Adyw NG
ECUTAWGNG LOAVOLLOTIK WY AeBEVE LY KOL THE auEnrevnc BaktnpLakne moAuavos KTLKOTN TG,

HouvBeon vavoow patiolwy kel xphan tele el b AIREC A 10 e pLEGAAO Y KUL aVaITtUoUoVTHL.

s

0 KOl EUKOPUWTLKG ouoThipota 6Twe Gutd, GuTll

- Baktrjpta ko akopn kat Lot (Thakkaret al. 2010) }[ﬂl’] a:-' ol
K& WG ﬁmnctpcwmvm vavocwpattdiwv.

Qotooo, ' JKN OE VWTIN KaL Enpn wopdn £y 5 sLyBel OTL ELVC
00T000, pKkpodUuKkn & pakpoduKkn o vWT Kot Enpn popdn exouvy anodeiyBetl oTL elval
“Broepyootaocia”’ cuvBeonc vavoowpotidiwv (Davis et al. 1998).

Q¢ ek TouTOU, N PlocUvBeon TwV VvavoowaTidlwv e T pecoAafnon pukwy avtipeTwIti{eTal
we evac veoc khadocg, n «dukovavotexvoloyia» (Thakkaretal. 2010- Sharma et al. 2015).

€ TN Xpnon pukwv napuvc}wm Gmdmpﬁtu(m Turtc:uq pEttﬂthtﬂmv NZ (vavoowpatidiwy) onwc
e upvupu,xpwu e ":“:’, itn (evubatwpévo ofeidio o16ripou) kau taAAGSL0, Ta omtoia




Navotexvoloyia

F‘f ,_,uurpm‘nm nh&muomm TWV VaVo UALKWV: aVTLMLKPOBLOKOC o payovTa.

Ta vavoowpatidla exouy eLoeABeL 0TNV KOBNUEPWVOTNTA LG KABWC
YPHOLUOTIOLOUVTAL OE TTOAAG KOAAUVTLKG, BepameuTikd okevaopata (Czupryna and
Tsourkas 2006), erutpenouvy TNV KataAAnAn kotoavoun Twv GpopuaKwyY o€
OUYKEKPLUEVEC BETELG KOl OpyaVO OTO CWHO, O cuoThipata napadooncyovidiwy
(gene delivery systems, Jin and Ye 2007), eival BloocupBotd uMOKOTAOTOTO YLot LEPN
Ko uypa tou trmpnﬁnt;, UALKG otvetyEvvnonG 00TWY Kot LoTwv Kat BloaoBntrpeg




KUplec edpappoyEC TwWV VOVOSWHATLO WV

DNA

( Probing }

Tissue

Biosensing Engineering )

Wounda

_ Healing )

Uzairetal 2020. Green and Cost-Effective Synthesis of Metallic Nanoparicles by Algae. Safe Methods for Translation al Medicine,
Bicengineering (Basel). 16, 741129, doi: 10.3390/bicengineering 7040129, PMID; 33081248, FMCID: PMCT 712047 .



Phyconanotechnology
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Graphical abstract

Chan 55 et al. 2022, Prospects and environmental sustainability of phyconanotechnology: A review on algae-mediated metal
nanoparticles synthesis and mechanism. Environ Res. 212{Pt A):113140. doi: 10.1016/j.envres.2022.113140. PMID: 25314164.



YNUOTIKN GITELKOVLO T TWV UXovicpwy Broamoppodnong (biosorption = binding of metal ions to the surface
of a hiosorbent) KCOLL BLDGUEUI;JPEUUI]Q (bicaccumulation = the process by which a serbate accumulates within cells).

Biosorption Bioaccumulation

-Passive process, independent -Active process, dependenton
On eNergy Sources erergy sources

Cell wall generally consists of
proteins and negatively charged
functional groups such as :

Nucleus

Carboxyl =
Hydroxyl s
Phosphate
Amino

Mitochondria

Zhlorophyll

Cationic particles
Heavy metals
Inorganic nutrients
Organic pollutants
Persistent organic
pollutants (FOPs)

- - - - -

— Microalgal cells —

A: MNpwto otadlo: Broamoppddnon, apeon cuvdeon ocwpatldiwy otV emdaveLa Twy KUTTAPWV.
B:21tn ouvexela EeklvaeLn Blroovoowpevon, otadlo HEYAANCSLapKELaG TIOU MEPLAQMBAvVELTN
HETAPOPA OWHATLOWVY OTO ECWTEPLKO TWV KUTTAPWY LE TN XPNON KUTTAPWVY QUKWV.



Ta pUKn oTnv €peuva Tou diacTAHATOC

MeAETN auénong TWyY PUKWY

oe auvBnkeg undevikng Paputnrag (diactnua),
EX0UV NON d1efaxBel oc TupauAoug Kai

oToug diaaTnuikoug otaBuoug Salyut kair Mir.

Meyovoc peyaineg ofeidwang:
2,4 dioekaTopupia Xpovia mpiIv.

MeTaTtpomn Tou kAIpaTog oTov Apn
= unxavikn avfnan Tng Bepuokpaciag ThE aTuooPalpag Tou
Xpnon uikpoopyaviguwy (agiAof eva evdiaiTnuata: AVTapKTIKN EpNUOG ).
T1.x. Chroococcidiopsis—> edapoyevean;

WATE Va dkoAouBnoouy Ta avwTEPAa YuUTA Kal Ta Zu'.n:}




EvBiaitnpua Tou kuavoPakrtnpiov Chroococcidiopsis

AvanTuooeTal oe ToAAQ epnuIka TepIpairAovTa

* OTNV KATW ETTIPAVEID
diapavwy ppaxwyv
(uTtoAIBIKO) N

s JE TTOPOUG
(kpuTtTOEVOOAIBIKO)

* 1] OXIOUEC TOUC
(xaouoevdoAIBIKO).

1. they trap moisture underneath them. Experiments have shown that small amounts of moisture can cling to the undersurfaces
of rocks for weeks after their above-ground surfaces have dried out.
2. Second, because the pebbles are translucent, they allow just enough light to reach the organisms to sustain growth.

Friedmann envisions large farms where the bacteria are cultured on the underside of strips of glass that are treated to achieve the
proper light-transmission characteristics.

Iars today, however, is too cold for this technique to work effectively. Before even as hardy a microbe as Chroococcidiogsis could he
farmed on Mars, the planet would have to be warmed up considerably, to justhelow the freezing point.

https://sciencenasa.gov/science-news/science-at-nasa/ 2001 /ast26jan_1



Mapoli, A., Micheletti, D., Pindo, M. etal. 2022. absence ofincreased genomicvariants inthe cyanobacterium
Chroococcidiopsis exposedto Mars-like conditions outside the space station. Scifep 12, 3437, https://doi.org/10.1035/541595-022-12631-5

Amougia au{nang yeVETIKWY TapaAAaywy oTo kuavopakTtnpio Chroococcidiopsis
UETA TNV EKOEON TOU Ot CUVENKEG TAPOUOIES TOU TTAQVATH Apn
0To eCWTEPIKO XWpo dladThuikou aTaduou.

=
ISS

DNA damage accumulation

Dehydration “_* y-

Ground-reference  Dried CCMEE 029 1.5 year-space exposure

Post-flight rehydration

— &

space-derived CCMEE 029

CCMEE 029
. A Ground control ¢

. _“_ : -_+ Gen:g;:;nant
Repiicatesg . . .C

\ Ground-reference

Three indipendent liquid cultures genome

Liet al. 2022. protection and damage repair mechanisms contributedtothe survival of Chroococcidiopsis sp. Exposedto amars-like near space
environment. Microbiol Spectr. 21;10{6):e0344022. doi: 10.1128/spectrum.03440-22.

AUEnon tne ekdppaonc yovidiwv mou epunAskovtal otn ouvBeon EPS, kapotnvoeldwy,
OKUTOVEMOTIVNC KoL oUvOEOH P WTEIVWV.



