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STRUCTURE OF AMINO ACIDS [BBYJUS
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Isoleucine
Leucine
Lysine

Methionine +
Cysteine

Phenylalanine +
Tyrosine

Threonine
Tryptophan
Valine

mg ava kg

20
39
30

10.4
4.1
(15 auvolo)

25 (OUvoAo)

15
4
26

2UVIOTWWHEVN KaBnuepiv) doon

mg yia 70 kg

1400
2730
2100

1050

1750

1050
280
1820

mg yia 100 kg

2000
3900
3000

1500

2500

1500
400
2600



Metovoiwon MNpwteivwv

# Kataotpodn deopwv mou otabepornololv TIc SOUEC, LE PUCLKOXNMLKA HETA

L Oépuavon, rtieon, aktwvoBolia, oxupd oféa/Baoslc, SLAAUTEC, ATOPPUTIOVTLKA
L Meiwon Stadutotnroc, avénon LEwdouc, oXNUATIOMOC TINKTWY, LElwon/amwAELa EVIUULKAC
SpACTIKOTNTOC KTA.
& EAattwvovtot ot aAANAETUS pAoeLc Twv Stadopwv opddwv = EeSIMAwpA TIOAUTIEMTISIKAC
aAvoidac
& AnteheuBépwon couADLEpAopaSwy = évBelén petoucsiwonc — Suodpeotn oo
1.X. Suocdpeotn oour avywv nou Bpalouv (peTovciwon aABoupivng), YAAAKTOC, AQXOVLKWY

72 M ureaand
(/ 65 B-mercaptoethanol 110

40
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MpwTeivikA cuoTnuata ota TPodLuU

MpwTteiveg KpEATOC Kal PapLwv

[EPLEYOUV IKOVOTTOLNTIKEC TTOOOTNTEC QMOPALTHTWY OULVOEEWY OTA UOPLa TOUG =2 Opemtikn Afila
1. Npwrteiveg puwv (aktivn, puUooivn, TPOTOUOGCLVN, TPOTIoVivn)

2. Aopikéc mpwteiveg (koAAayovo, ehaotivn, kepativn)

KoAAayovo petatpenetal o {eAativn.

MuUlKO Widlo, capKOTAACHO KoL CUVOETIKOC LOTOC.

3. Metadépovoeg npwrteivec (Lvoodatpivn, atpoodatpivn).



Muikn Zuataon

v' IkeAeTIKOl HUEC: oL KUpLOL HUEC OTA TPOPLUD, YPOLUWTOL

v' Kapdiakol PUEC, YpopupwTotl

v' AeiotL poec (otopdxt) Smooth Muscle Cardiac Muscle Skeletal Muscle
Tissue Tissue




FUTHRASNCE

50

H ouoTtaon TwV OKEAETIKWV LUWV

Neupo

NERVE—___

MUSCLE——

CONNECTIVE
TISSUE

SCIENTIFIC AMERICAN  Septer

er 2000

telescopically as the xarcomere contracts and uncontracts.

MUSCLE consists of cells full of strands called myofibrils, whicls
are in turn made up of contractile units called sarcomeres, The
key components of sarcomeres are two filamentary proteins,
actin and myosin, These protein molecules slide over one another

AeONIdEC PUOIVIDIWYV

LE CELL (FIBER)

2 UVOETIKOG 10TOG

lvidia akTivng

lvidia puoaivng
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Tendon
Epimysium

Perimysium

Endomysium

Bundle of muscle
fibers

JU\ filament

Actin

ﬁIamentL
N 24 . Myosin head



Muooivn

Myosin
heavy \
h < >
chains Tail /
A Head

[Source: Jarson LW, Tischier ME: The Big Picture: Medical Biochemistry:
W, aCCessmedicine. .com

Lopyright © The McGraw-Hill Companies, Inc. All rnghts reserved

H puvooivn amoteAeital amno 2 moAuTnenTtOIkEG aAvoidec poplakou Bapouc 200.000 Da n kaBe pia. Ot
SdUo aAuoidec €xouv deutepotayn dopn a-EAKAC KoL TteplotpEdovTal N pia yOpw armo tnv aAAn.

H yevikn evepyotnta puBuiletal pe dwodopuAiwon twv eAadplwv alvoidbwv
A Kot Tou TeAlkoU C-akpou Twv Baplwv aAuvcidwv.

KataAutikn pwteivn (LObpoAucon ATP) — n kataAutiki dpdon evtomiletal otnv kepaAn (head)



lvidla AkTivng

8 Profilin
‘1 G-actin
o © tATP-binding pocket Mo kaBe popLo G-aktivng mou
Qe EVOWUOTWVETOL 0TO HOpPwWHA
GAET oY F-aktivng Staomadtat 1 poplo
X Cofilin “ ATP mpog ADP kat Pi
ARP2/3 \
Positive
end m ®
F-actin “

Nature Reviews | Microbiology

Taylor M.P. (2011) Nature Reviews Microbiology, 9: 427-439
Actin

Tropomyosin Troponin

G-aktivn: odalplkn
F-aktivn: vwéng

Nnudtia aktivne otig kepaAEg TG pvooivng
2 Aktwvopvooivn (avapelén puooivng e
aKtivn povo napouacia ATP)

Myosin filament Image from Sigma-Aldrich



lvidia aktivng-puocivng
2KEAETLKOU HUOG

Skeletal muscle actin myosin filaments, SEM,
SciencePhoto




Mulki ZuaTraon
, To Ca?* evepyomnolel tnv ATPaon mou udpoAvel to ATP
ATP hydrolysis

MNoapouaoia ATP n /—\ o
aKTwopuooivn Stiotatal

0 g Myosin g
; head
G Pi release
ADP release ATP - 4ﬁ Cross bridge
\'\ Start of new cycle ADP
o “Power stroke”

Actin

Ta Ca?* aneAeuBepwvouy ))
To ATP

Radak Z. et al. (2018) in The Physiology of Physical Training (Book)

1. To ATP S€0EVOLEVO OE HLOL E00XH OTO TIoWw HEPOC TNE KEPAAAC eTAyeL pa Sopn mou dev pmopel va deopeloel
aktivn.

2. Y6poAuon tou ATP £xel w¢ amotéAeopa tn petakivnon tng kedaAng katd 5 nm og 0pOLa 6éon evw ta ADP kat Pi
TIOPAUEVOUV SECUEVHEVA - ATIOKATAOTAON CUMTTAOKOU aKTWVopUooivng (amouaoia ATP)

3. To Pi amopakpuvetal kol n kedpaAr dSeopelel TNV aktivn.
4. H kedaAn tn¢ puooivng deopeupévn otnv aktivn Kveltol mpog ta miow. To ADP amopakpuvetal. Néo ATP pmnopel va
enavadeopeuBel kal o KUKAOC va Eavapyxioel. Artouaia ATP, n uuvooivn mapauével otadepa SECUEUUEVN OTNV AKTIVI).



Aopikec NpwTelveg
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molecules

Ivec koAAayovou kapdlakoU UUOC

& KOpla npwteivn ouvSetikoL Lotou

& lvwdnc yAukompwteivn

U Muwkp enidpaon otnv udr Tou KpEaToc

& Metouowwvetal oe {ehartivn — (oo pomAACTIKN K.A.

Y Nopaokeun ehativne pe BUBLON LOTWV MAOVUCLWV
o€ KOAAQyOvo, o€ {e0TO VEPO TTOU TIEPLEXEL
otu/Baon. Me Puén, ta vdatika &/ta LeAhativng
oxnNUati{ouv TNKTEG.



Metadepouvoec MNpwTteiveg

Alpoodatpivn-Muoodarpivn



KUPIEC XPWOTIKEC TOU AiATOC

Muoadatpivn (153AA, 17.8kDa) Awoodatpivn (147AA, 15-17kDa)

Red blood cell

Oxygen molecule

https://www.creative-
biolabs.com/Recombinant%20Sperm
%20Whale%20Myoglobin_50_1.htm

Hemoglobin
molecule

1. TTPWTEIVIKO TUAMA (Opaipivn)
2. 'ITpOO'GETIKr'] opdéa (m“n) 1. Oxygen 2. Oxygen bonds 3. Oxygen released Thomson E.G. et al. (2020) Healthwise.org.

from lungs to hemoglobin to tissue cells



Xapaktnplotika dEéopevong O, o eAsudepn
aiun (mpooYetikn ouada opaiptvwy)

Avaloya pe tn duon tn¢ Asttoupykng opadoc tou oldripou tng aipng (dtoBevnc, tplobevig),
aAAQlEL N XpOoLA (XpWHO) TOU KPEATOC.

[priyopn ofelbwon Fe?t = Fe3* (aAAayn Xpwpatoc)

H 6eéopeuvon tou CO>>0,
(25,000x)



MNepLlekTKOTNTA pUOODALPLVNG VA KATNYOPLEC LLUWV

Eido¢ Xpwpa HEPLT\)/I(ébHEVO
Xoipoc pol 2 mg/g
Apvi EAadbpwc 6 mg/g
KOKKLVO
Mooxapl| KOTaKOKKLVO 8 mg/g
Tumog pu Ovopa Meplexopevo Mb
Kwntikog Extensor carpi 12 mg/g
radialis
YrnootnpnkKtkog | Longissimus dorsi 6 mg/g




To xpwpa Tou KpEatog kabopiletal amo Tov TUTo puoodalpivng

DpeoKOKOUUEVO KPEQG (HeTA TN odayn
Tou {wovu 1o O, eival dtaBéotpo-
uPnAn taon O,)

Ofuvpvoodalpivn e O, (Fe?*)
(PWTELVO KOKKLVO XPWUOl

To (610 kp€ag peta ano aAAnAenidpaon pe O,
(armobéopevon O,)

Agotu-puvoodatpivn ywplic O, (Fe?*)

Kpé€ag petd anod pokpd aAAnAenidbpaon pe O,

Metauvoopaipivn ywpic O, (Fe3*)

Fe(lll)Mb + e S Fe(ll)Mb



MetaBoAec Xpwpatoc o Kokkivo Kpgag

No O, *0; Atmospheric O,
- Oxygenation -
Deoxymyoglobin >| Oxymyoglobin
(DeoxyMb-Fe**) (OxyMb-Fe**)
Purple Bright red

Reduction Oxidation
— Oz - 02
Very low
O, pp

Reduction
+ O2

Oxidation
+ O2

Metmyoglobin
(MetMB-Fe***)
Brown

Sources: Inspired by Kropf (2003), Proc. 56t Recip. Meat Conf., 73-75 and Mancini and Hunt (2005),
Meat Sci. 71: 100-121.



MetaBoAec Xpwpatoc o Kokkivo Kpgag

Myoglobin Levels
Vs

Smoke Ring
(3.5 hrs at 225F)

Red Tuna
~25mglg

Denatured MMb D(O)Mb

\

Filet Mignon
~8-20 mg/g

. Pork Shoulder
. " ~2-4mg/g

Pork tenderloin
~1-3 mg/g

¥, Dark Meat Chicken
. v ~1-4 mg/g

White Meat Chicken
~0.5 mg/g

Cod Fish Fillet
~0.1-0.3 mg/g

Atlas of the Smoke Ring, 2021



Mopdyovtec ou eMNPPEAIOVV TO CXNHUATIOUO TNC METAUUOCPALPIVNC

(xwplg O,, Fe3*)

S YPnAR Beppokpacia — pepikn petovoiwon, ékBeon aipnc
L XapnAo pH — peptki petovoiwon, ékBeon aipng
L Yriepuwdng aktvoBolia

L YYNAEC CUYKEVTPWOELC OAATWY

L AepoBLot pkpoopyaviopol

slower

faster

& EvSoyevn éviuua tou kpéatoc -Adpubpoyovacon Tou yalaktikol oféoc pe NADY, éviupa KUKAOU KITpKoU 0EE0C

L Oa npénel va Statnpeital n Gle yia aketuho-CoA

Eva (wo rtou dev Exel yAukoyovo n 6 SoUAeUEL n YAukOAuaon, dev Sivel KHANC TOLOTNTAC KPEXC



MeTaBoAEC TWV XPWOTLKWVY TOU KPEATOC
Kata tn dlatnpnon Tou



Enidpaon gpmAoutiopevng pe O, atuoodalpos 0€ CUGKEVQAOUEVO PPECKO KPEQG

H ermtoyuvopevn HETATPOTIA TNG
Huoodalplvng o€ petapvoodoatpivn
KATW oo ouvBnKes XaNANG Ttieong
ofuyovou kata tn datipnon
OUOKEUQOHEVOU KPEATOC Elval
WoLaitepa onUAVTKA.

Qoto00, uTtIdpYoLV avtibeta
QITOTEAECUATO TIOAAWV HEAETWV =
acadng polog ofuyovou.

IXNUATIONOG HETOPUOOALPIVNG OTNV ETILPAVELA LUWV AEPOCTEYWS
OUOKEUAOHEVOU Boeilou kpEatog amoBnkeupévou otoug 40°C

®- JuoKevaoia og puoloAoykn atpuoodalpa

O- JuoKevaoila eUmAoUTIONEVN pE O,



MNoocootd petapvoocdatpivng ava {wKo LoTto
< Apaotnplotnta eV UWV OXETWOUEVWY LE TO OXNUATIOUO LETAUUVOODOLPIVNG

< MepLlekTkOTNTO AUTLOLWVY — OL XPWOTLKEC e TploBevn popdn odrpou euvoolv TNV
oteldwon Twv Autdlwv

< MpooBnkn avtiofelbwTtikwy og umo Puén aleopévo Bodvo KpEag
.. mportuAeotépac tou yaAAikou oéeoc (PG) kait n BoutuAikn ubpoéuaviooAn (BHA)
entBpaduvouv tnv eupavion avertduunNTtou oKOUPOU XPWUNXTOC OTO KPEAC

< 2uvduaouog CO, kat O, yla tnv eAeyxopevn Slapketa {wnG EVOG KPEATOG

v' Nopeunoddion avamntuéne Baktnpiwv

v' Awatrpnon évtova epuBpou xpwpatog — ofupvoodatpivn (CO,/0, 40%/60%:
oOnyet og dlatripnon XpwHatoC PpECKOKOUUEVOU BodLvoU KpPEATOC YL 7 NUEPEC OF
1°C



MetaBavartiec BloxnUkec petaBoAEc otouC HUEC

KatavaAwon ATP

Mtwon pH

Eudavion tng VEKPLKAC akapyiog
Qpipoavon-tpudepormoinon

BN e



1. POAoc¢ ATP o€ puiki ocvomnaon

To ATP Slatnpeitat og otaBepad enimeda (2-5 mM) mou amattovvtol ylo tn HUikn cuomaon.

Ta mooad tou ATP mpogpyovtal amno:

A. Oteldwtikn dwodopuliwon - aepofloc petaBoAiopoc (dtabcopo O - Lwvtavo {wo)

B. Dwodopiki kpeativivn (20-35 mM) kat kwvdon tng kpeativng (EAAewpn O, - Bavatog {wou)

ADP + dwodopikn kpeativivn = ATP + kpeatwvivn (avénon pH) o

Eveoteplkoc 6eoUOC HoN \H/ N \)J\O'
E= Kwdon kpeatvivneg NH 2+

To ATP GUMUETEXEL OTN HULKN oUOTIOON - HOAQKO KOl EUKOLUTTTO KPEQC

. EAdttwon ATP - Movipo oUumAoko aktivopuooivng mou avBiotatal otnv €Aén (Letabavatia
akapioa)

A. Tehevtaia epedpia eveépyelac: NAvkoAuvon — ((Opwon) avasgpoBiog petaBoAiopoc (3mol ATP
yla kaBe mol yAukoyovou)




1 4
2. NMNtwon tou pH
Y1t6 dUOCLOAOYLKEC CUVONKEC:
To kKuKAOPOPLKO cUCTNUA LETADEPEL TO YAAOKTLKO 0EV artd TOUC HUEC OTO RTap OTou
LETATPEMETAL 0€ YAUKOTN Kol YA\UKOYOVO Kall emtavacuvtiBetal to ATP.
2TO VEKPO (WO TO YOAAKTLKO 0EU OUCCWPEVETAL ETTL TOTIOU Kat XapnAwveL to pH.
H rtwon tou pH npoéevel tn petovoiwon Twv Mpwteivwy. OL TPWTEIVEC TWV MUKWV WiIdiwv
TPooeyyil{ouV TO LOONAEKTPLKO TOUC ONMUELO KAl OL TIPWTEIVEC TOU COPKOTTAAOOTOC UTTOKELVTOL

OTLC eTOpAOELC TwV KaBePvwv kataAnyovtag otn dtdomaon touc (Lawrie kot Ledward, 2006).

OL npwteivec e€altiog TNG LETOUOLWONG, YAVOUV TNV LKAVOTNTA TOUC VO KAVOUV SECUOUC UE TO
vepo: poawvopeva «sdpidpwaoncy.

AAAQYH) TOU XPWHOTOC TOU KPEATOC AOYW LETOUCLWONG TwV MPpWTeivwyv. OdelleTal otnv
KaAUTEPN avtavakAaon Tou ¢wtoC. To Kpeag endavileETOL TILO AVOLXTOXPWLLO.

= EMUMTWOELC OTO XPWHO, LKOVOTNTO CUYKPATNONG VEPOU, AVTIOTAON OE HKPOOPYAVLGHOUG



Arnouoia O, - Napaywyn yaAaktikov o&eog (mtwaon pH)
Otav otapatiost n avanveuoTikn alvoida (EAAelPn O,- Bavatoc) dev napayetal ATP péow (A)

To ATP e AAatwvetal KaBwc teAslwvel N dwodopikn Kpeativn (B) = mapaywyr ATP anod avaspofila
YAukOAuon mou xopnAwvel to pH oto teAwkd pH (ultimate pH, 5.3-5.5)

Katdotaon {wou mpLwv tn odayn — nPEpia
Ye umtepevtaon =2 vPnAo pH peta tn Bavatwon (6.0-7.0)=> okoUpo XPWHO/KPEAC OKANPO

I'\koydvo
MeTaBoANGHAC Thodon-1-P
YAUKO(NG O€ YOAQKTIKO
o¢u TAvK6(N—6-P

®povktdin-1,6-P

, NpoBAnua pe avayévvnon NAD*
DPwceopikn 3-Owocopixh
5eDdPOCLaKETOVN < — D-yAvkepaddeian

AAKOOALKN LUpwon
FaAaktikn (Vpwon




Enidpaon tou teAkou pH oTLg LOLOTNTES TOU XOLPLVOU KPEATOG

CTNPIGTIKE KPEC




nidpaaon tou €idoug tou {wou otnv mopeia tng YAukoAuong (mtwon pH)




Xpwpa kpgatocg kat pH

2UvOeTO BEPa. ZxeTiCeTal KAl HE TNV TTOCOTNTA YAUKOYOVOU TTpIV TO BAvaTo Tou (wou

https://onlinelibrary.wiley.com/doi/pdf/10.1111/1541-4337.12258

http://eng.ege.edu.tr/~otles/ColorScience/pigments4.htm



3. MetaBavartia puiki akapdia (rigor mortis)

H e€adavion tou ATP €xel wG AMOTEAEC
TO OXNUOTIOUO HOVLHOU OUUTTAOKOU akTwvopuooivng (D) — okAnpuvon/akappio puwv —
peta@avartio akapio

http://www.bms.ed.ac.uk/research/others/smaciver/Myosin%20I1.htm

http://www.bms.ed.ac.uk/research/others/smaciver/Cycle.qif



O xpovog epdavion tng petabavartiog puikng akapiog s€aptatol amno:

1. Oeppokpaocia — ocnUAVTILKOC aplBoc evIU LWV Katd th YAUKOAUGN
2. Evlupikec avtdpaoelc (mapaywyn ATP amo yAukoAuvon, dwodoplki kpeativn)
3. Napouacia Ca?* oTouC LOTOUC

1+2+3: EvepyormoloUv tnv ATPAaon tn¢ puooivng rov dtaoma to ATP: 1o ypriyopn
akapia kot cuoToAn AOyw ATIWAELOC ONHOVTIKAC TTOCOTNTOC VEPOU.

H avarmntuén vekpkng akop iog molkiAAeL o€ xpovo PeTaél Twv ELOWV Kol KUpaiveTal
QO TEOOEPLC WPEC YLOL TOUG LUEC TOU KOTOTIOUAOU HEXPL 24 WPEC YLOL TOUG LUEC TWV
Boosldwv.



MetaBavatiec LETABOAEC TWV MTPWTEIVWV TWV HUWV

Mtwon pH (5,3-5,5) kat avénon tng Oeppokpaociog twv puwv (e€wbeppec avtdpAaoeLg)
TIPOKAAOUV aAAayr XpWHATOC Kol ATWAELO VEPOU ATt TOUC MUEG.
Melwon SLaAutoTNTAC COAPKOTTAACHATIKWY TIPWTEIVWY 0To 45% (TtLo avBekTIKES ota PapLa-

ennpeadletal Alyotepo n Soun toug).

Mayeipepa oe auto 1o otddlo divel Wlaitepa okANPO Kol AVOOTO KPEQC.



4. Qpipavon-oitepa (conditioning) tou kpéartog

Meta amno 2-4 eBdouadec otouc 0,5-2°C snepyetat AVon tng petabavatiac akapiog Kat
Tpudepormnoinon LECW TIPWTEOAUONC TWV ASLACTIAOTWY SECUWV AKTLVOUUOOLVNG TNC VEKPLKAC
akaplac.

H wplipavon tou kpg€atog cupPaivel umd cuvOnkec Puenc kat oxL katapuéng Ko cuoxeTileTal e
TNV TpUdEPOTNTA KAl TN YeVON TOU KPEATOC. H mpwtedAuon Kupiwcg SUo mpwTteivwy, TNG
deopivne kat tnC titivng mpokaAet tn otadtakn anodounon tTwv dlokwv Z ota HUika widia,
TIPOKAAWVTAC AAAAYEC OTN MIKpOOoKOTILKA Sour Tou puoc peta Bavatov (Aberle et al., 2001). Ot
AAAOYEC TIPOKOAOUV TOV KATAKEPUATIOMO TWV MUKWV LVISLWV KoL TNV €MakoAouOn tpudepotnTa
TOU KPEOQTOC.

ECM

Costamere Sarcolemma

Cytoplasm

Desmin Troponin T

rI'

T-Cap:
Thelethonin @

Desmosome

P ORI N

oooooooo

...............
(o N o N [«
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V74 ke N

-----------
..................
............

Titin Actin Myosin Tropomodulin Myosin binding protein C

Nucleus \

a-Actinin

Mitochondria

http://www.journals.elsevierhealth.com/cms/attachment
12077259005/2070632782/gr2_Irg.jpg



MpwTteoAuon: MPWTEACEC TTOU SPOUV KATA TNV wplpavon

Tot MPWTEOAUTLKA EVIULLKA OCUOTHLOTA TTOU EUTTAEKOVTOL Eival oL KaATtalivec, ol kaBeivec Kal To
oUMIAEy A TTOAU-KATaAUTLKWY TipwTeivacwy (the multicatalytic proteinase complex). To
MPWTEACWO, BEwpeltol €miong OTL CUMUETEXEL OTNV TPUDEPOTIOLNCN TOU KPEATOC OF
ouvouaouo pe ta rapandavw Eviupa (Ouali et al. 2006).

OL kaAmalivec eival evlupa, Twv omolwv N Aettoupyla e€aptdtat amo tnv napouvocia acPfeotiov,
gevw ol kaBeivec epmepléxovial ota Aucoowpadtia. Ta wovta acBeotiou, LeTd TNV e€AvtAnon
Tou ATP ameAeuBepwvovtal amo ta Hrtoxovdpla Kol To oopKOTIAQOUATIKO SIKTUO oTO
OOPKOTIAQLO DL, EVEPYOTIOLWVTAC TLG KaAmtaivec. H Spdon twv teAevtaiwv nopeunodiletal amno
Lo TPWTELvn mou ovopdletal KaArtaotativy. Metd tnv aneAevBepwon Twv LOVIWV acBeotiou,
N KaAntootativn v €xel A€oV emidpaon OTLC KAATTAVEC, OL OTIOLEG €V TEAEL EVEPYOTIOLOUVTOLL.
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Ixnpa 4.7. Kupieg petaPoAég nou akoAouBouv To Bavato Tou dwou.
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[TowTEIVEC YOAAKTOC



Kalgivec: 80 % twv mpwteivwy - KataBuBilovtoal os pH 4,6
MNpwteiveg opoU: To urtdAoLno 20 % TwV MPWTIEIVWV

Kaleiveg: pwodoponpwrteiveg a,-, B-, K- kal y-kaleiveq

OL a,-, B- eival evaioBnteg kat kataBubilovtal mapouoia LWOVTwy Ca?* og OAEG TLG
Beppokpaoieg

H k-kaleivn (~15 %) elval StaAkuth napouoia wovtwy Ca?t

210 YaAa ol kaleivec Bplokovtal uTtO TN pHopdn ULKKUALwV

Oewpia Waugh: ta pkkUALa artoteAouvtol oo dtadopeTikd KAdopata Kalgivwy
EVWHEVA LETAEL TOuC. Ta cucowpaTwHATO Kalelvwyv oTaBEPOTTOLOUVTOL OE CUUTITAOKOL
e pwodopLkd aoBEOTLO, LOYVNOLO, KOl KITPLKA aAata. Ta LKKUALO £XOUV TTUPAVA OO
a,- kat B-kaleives. H k kaleivn mepBAAAeL Tov muprva dnpoupywvtag pia otolpada
IOV TPOOTATEVEL TIS O, KoL B-kaleiveg amo to aoPféotio (Ca?t).






Aopun kadeivikou PIKUAAiou
Katd Schmidt.

Casein Micelle Casein Submicelle

hydrophobic core

-~ CMP "hairy"

\k layer

X - casein -
enriched surface

® CGQ(POQ) 6cluster

Ta cuoowpaTwuaTta kadeivwy gival
erepoyevn. Ta udpoPola UTToOUIKUAAID
gival oTo KEVTPO, TA UDPOPIAG OTO
eCWTEPIKO, TTAOUCIO O€ K-KACEivn.




Epapuoyec ota TpO@Iua

YdpoAuon k-kalgivne atrd xuuoaoivn (évCupo 4°v otopdyou Boocidwyv) oto Phel05-Met106
Aivel TNV adIAAuTn Kal udpo@ofn Trapa-K-kadeivn Kal £va OIaAUTO YAUKOUOKPOTTETTTIONO.

Kk—Casein
(Bovine)

3 Phosphoserines 6 O-Linked Glycans

p__ Disulfide = valp !
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ignal / /' Casoxin-A .
Peg tide "Casoxin-6 asoplatelin
P Casoxin-C Chymosin/rennin
Clelavage

| I
Para-k-Casein Caseinomacropeptide

MeTa TNV UdPOAUCH TOU DECHOU AUTOU Kal €TTEION TO YAAQ TTEPIEXEI IOVTA QOBECTIOU, OAEC Ol
kaleivec kataBuBilovTtal: TupOTTNYHA, BACIKA TTPWTN UAN YIA TNV TTOPACKEUR TUPIWV.

2T0 TUPOYAAd o1 DIOAUTEC TTPWTEIVEG TOU OpOoU (ATTAPAITNTA AMIVOZEQ):
TTAPAOKEUN TUPIWV OTTWS HUCROpa, avloTupo, pavoupl.
* 0ev kKatapuBitovral atmrd xuuoaoivn i pH 4,6, Bpiokovtal dlaAupéveg oTo TUPOYOAQ



Mpwteivec Auywv



Neploootepec ano 40 MPWTEIVEC 0TO ACTIPO TOU aUyoU

OBaABoupivn (QoAevkwpartivn)
KOpla mpwteivn toug dompou (60-65 %), dwodoyAukompwTteivn. MNepLéxetl MOAAEC
ocoUAPuSpuAopadec (-SH). OpopPoutal eUKOAA LETA OTTO UNXOVIKO XTUTINMAL.

KovaABoupivn
AvtipikpoBLakn: deopevel oibnpo kat dAAo petaAloiovta.

OBo(wo)uouvkoién
AUKOTIPWTELVN, avaoTtoA£ac tng Opudivng, BeppoavBekTikr), alkadogvaiodntn.

Auvcoloun
YSpoAUeL Toug udaTAvBpaKEC TNG LEUBPAVNC TWV ULKPOOPYOVIOUWV: LEYAAN AVTOXN OTOUG
ULLKPOOPYQVLOUOUC.

OBopuukivn
lvwénc yYAukompwteivn, OeppoavOeKkTIKA.
Yxnuatilel appo PETA ATTO UNXOVLKO XTUTINAL.



Kpokog

50 % oteped amo to onola to 1/3 npwteivec, ta 2/3 Autidia.
Npwrteiveg kpdkou

Aumonpwteivec: AutoBiteAAivn kot AutoPiteAAwvivn.

O KPOKOC XPNOLUOTIOLELTAL WC YOAOKTWLLOTOTIOLNTAC:

otaBepormolel Tn Staomopd Attouc-vepou, miBavotata Aoyw AUTOTIPWTIEIVWY KoL
dwodoArdiwv.



[MpwTEIVEC OTTOPWYV



AnunTplakda 10-15 % mpwreiveg. Mikpr) BpeTTTIKA agia (EAAEIwn Aucivng).

21TApI 13 %
Pudl, apaBéoitoc 9 %

1. MNpwTtEiveg o1Tapiou: YAI0diveG (QAKOOAODIOAUTEC), YAOUTEVIVEG (ADIGAUTEC OTNV
QAKOOAN).

BpiokovTtal o€ avaAoyia 1:1 kai arroteAouv 10 80-85 % TNG OAIKNC TTPWTEIVNG TOU
evOOOTTEPMIOU TOU OITAPIOU.

To uttéAoITo 15 % TNG OAIKAG TTPWTEIVNG TOU EVOOCTTEPUIOU TOU OITAPIOU ATTOTEAEITAI
a1rd aABoupiveg kal YAoBouAiveg.

FA10diveg

a-, B-, Y- Kal w-yAladivec. Moplako Bapog atmd 30-40.000 Da.

O1 a-, B- kal y- TTapoucialouv evOOUOPIaKES DICOUAPIDIKES YEPUPEC (S-S) TTou
oT1aBepOTTOIOUV TN OOMN TOUG.

AouTteviveg

Ta avnyuéva povouepn €xouv popiakd Bapn atrd 20-130.000 Da. 2to evdooTrEpuUIo, Ta
MovoueP axXnuUaTilouv HEow €vOO- KAl DIANOPIAKWY DICOUAPIDIKWY DECHWYV (S-S)
ouocowpatwpara pExpl 1.000.000 Da. O1 deopoi auToi uTTEUBUVOI Yia aAAEPYiEC.



Ortav uypavBouv pe vepd Kal avauelx@ouv ol YAIadiveg Kal YAOUTEVIVEG oxnuaTi(ouv
EAaoTikr) ouptrayry pala tn yAoutévn: ['Aoutapivn 37 %, TTpoAivn 15 %.

H yAoutévn ptropei va deoueuel AitTidia.

EmOuuntd XapaktnpioTIKa (UuNG:
[MAQOTIKOTNTA, JNXAVIKA avTioTaOTN, EAACTIKOTNTA.

2. Npwreiveg apapoaoitou
Katd 50 % trpoAapiveg (dev €xouv Auaivn Kal TPUTTTOQAvVN).
H 1ToikiAia opaque-2 €xel upnAn TTEPIEKTIKOTATA o€ Auaivn Kal Tputrtopavn (70 kai 20%).

3. MNpwrTeiveg puliov
80 % yAouTteviveg, 5 % TTpoAauiveC. KaAr TTEPIEKTIKOTNTA CE AuTivn.

4. NpwrTteiveg eAaioUXwV oTTépWV

‘Ewcg ka1 15 %. T'AoouAivec OTTWG apaxivn kal kovapaxivn (QIoTikia).

[MBavr ToZIkOTNTa aTTd TOV avaoTOAEa Bpuyivng (odyia, NAIGCTTOPOI, APATTIKA PIOTIKIA
Ka). ECaAcipeTal ye BepIKA KaTEPYQTIa.



[MPWTEIVEC AQXOVIKWV

Kapota kat papoUAla 1%
Motdteg kat ortapayyar 2 %
Dpeoka pmleALa 6 %



@pEmTIKN
Atila

ZWLIKEC TIPWTEVEC

DuTkEC IPWTELVEC
MpwTelvec SNUNTPLOKWV
MpwTteivec amo apafoaotto




Entidpaon Oepuikwv Katepyaoiwv
oTIC AETOVPYLIKEC & OpeTmTikeC IdLoTNTEC
Mpwteivwv



Oepuikn KaTtepyaoia
Yuin

Katayuién

Apuddatwon



Oepuikn Katepyaoia

A. Naotepiwon - Ospuikri katepyaoio 0€ CUYKEKPLUEVN TEPUOKPATIO KAl YLO. CUYKEKDLUEVO XPOVO

akoAouvBouuevn amo ypnyopn Yuén

ATtoPBAETEL OTNV SPACTLKN LELWON TOU apLBLOU TWV ULKPOOPYAVLIOUWY, WOTE VO KATOOTOUV T TPOPLUL

akivéuva yla tn dnpoota vysia kat va mapataBel o xpovoc amoBnKeUor ¢ TouC Ywpic onuavtiki urtofaduwon

TNG TOLOTNTAC TOUC.

Naotepiwon Kpéatog

H teAkn eowteptkn Beppokpacia Kupaivetal ano 66-74 °C

Yta npwta otadia (30-50 °C) €xoupe peplkni dLaomaon Twv
NMENTIOKWY 0AUCLIOWV =2 PEPLKA HETOVOLWON

Y€ 61-63 °C yLa 10 Kpeag Kat 45 °C yia ta Ppapla 1o KoOAAayovo
HeTatpEmeTal o€ (eAativn

OL CaPKOTIAOLOHATIKEC MPWTEIVEC PETOVOLWVOVTAL = SuoKapia
TWV LOTWV Kol AWAELA VEPOU

Ta meploootepa evivpa Kataotpedovtal (BepLkr) peTovciwon)
Y KOTTOG: TLEPLOPLOMOG ULKPOPBLOAOYLKNC OVATITUENG LUE LLKPOTEPN
KaTootpodr Tou poiovtocg

Category

Structure

Gelation

Animal tissue

Collagen

Gelatin

Collagen peptide

talo collagen helix talo
peptide (triple helix structure) peptide

0.3um

|

non




& H anwAegla vepou yivetal
EVTOVOTEPN OTAV
ocuvdualetal pe
TMPOOTLOEUEVO aAATL

B s

e

.g |

g %7 e133%Naci

0 2,13 % NaCl
754 W2,93 % NaCl
1. 013,73 % NaCl

70 ! 1 z i 2 !
55 60 65 70 15 80

Ertibpaon tn¢ GepUOKpaOiOC LUAYEIPEUNTOC KOl CUYKEVTPWONG AAXTOC
OTNV LKAVOTNTA CUYKPATNONC VEPOU OE TTPOIOVTA KPEATOC



Naotepiwon MNAaktog

AL POPETIKEC TTOOTEPLWOELC:

63 °C yia 30 min } 5-10 % petouciwon MPwIeivwv opol
72 °Cyiwa 15 sec (HTST)

Kataotpodr naboyovwy UKpoopyaviopwy, EVIUUWV HULKPOOPYAVIOUWY Kol PUOIKWV VU LWV
(e€atpoupévng tng Autaonc)

& 85 °C ywa 20" = petouoiwon MPwTEIVWY opol o€ PeyaAUTEPN EKTOON
Noapaywyn opddwyv -SH arod tn B-AaktoyAoBouAivn, XOpoKTNPLOTIKA OO PPACHEVOU YAAOKTOC

EAdTTWON SLaAUTOTNTAC OAWV TWV MPWTEIVWY TOU 0pol AOyw HeToUoiwong & ouvdeong e
KaeVIKA LKKUALOL



Naotepiwon Auywv
|&Laitepoc kivouvoc emipoAuvvong: 60 °C yua 3,4-5

To aompadtL ro evaiodnto otn BEppavon, o KPOKOC TILO AVOEKTIKOC AOYw AUTOTIPWTEIVWVY TWV OTtolwv
to Autidla Sivouv Beppoavtoxn otn HETOUGILWON

Oépuavon aABoupvwy avw Twv 57 °C HELWVEL TNV LKAVOTNTO adPLOOU TWV
Ytou¢ 58 °C yia 2’ i otyplaio otoug 60 °C = avénon Ewdoug Kal BoAepoTNTOC, EAATTWON OYKOU
(aAAnAemidpaoelc -SH opddwv oBaiBoupivng, dSnuiovpyio vEwv S-S)

Yypaoia: kavovikad rtnén ofaAPoupivng otoug 56 °C. Me vypaoia 18 % mrién otoucg 85 °C
pH: o otaBepn n ofaAPoupivn os pH 6,5 mapd o pH 8,5

KovaABoupivn: mAéov evaioBntn, ypriyopn BpopuBwon otoug 58 °C edika yia pH 6 pe 7
OBopoukoidn, oBopoukivn, Aucoluun: otaBepec og BEppavon Kat pH
9 S-S deopot otn Avocoluun



B. Antooteipwon: poakpoxpovia puAAEN, KataoTpodr] OAWV TWV ULKPOOPYAVLOHWV

Anooteipwon NAaKtog

¢ 110 °C yia 30
< 130 °C yia 30”
¢ 145-150 °C yia 2-3”

L Mn avtloTpentéc LeETOBOAEC OTLC TIPWTELVEC

L Metouoiwon npwteivwv opol, alnAeniSpaon AaktdlnC-MpwIEVWY
& Anodwodopuliwon kalgiviv

& MetaBoAéc otn yelon, oour), Bpemtikn afia



Anoocteipwon Kpéatog

Amooteipwon kovoepBwv
Yuvduaopol Beppokpaoiac xpovou avaioya e To i60¢ Tou TPOoiovToC
H amooteipwon dvw twv 100 °C cuvenadystal LETOUCLWON MUKWV LVWV.

i. Otelbwon odripouv puoodalpivng, oxNUATIOUOC HETAHVOOPALPiVNG

i. Otelbwon BeloAwv o dloouAdidila

iii. Melwon Bpentiknc afiog amapalitntwy apvoéEwv Aoyw avtidbpaocswv Maillard
iv. Metatponn tou koAAayovou oe (eAativn

& To xolpvo KpEac eival Wdlaitepa evaloBnto otnV anooteipwon



Mivakag 4.2. Aldayés onic mpwreives Tov Kpéaroc kard ™™ Ogpuiki ka-
Tepyacia

Andlrern Slalvté™TOG-pETOVGIMO 40-60
Avtidpdaoeig Maillard 40-50

Mertovoinon npwteivdv poikdv widiov 40-50

IIMén mpoteivadv wikdv wisiov 57-75
Eedimlopa popiov axtvopvosivig w75
Meiwon Swedvtdtnrag pvooivng 45-50
Merovoinon pvooivig 53-65
Meioon dwAvtotnrag axtivig <80

Merovsinon tporopwosivne kat TPOTOVIivNIG

Awdvtonoinon koAlaydvou

ZvoToA KOALOYGVOL 60-75

Meratpomi Tov KoAhaydvov oe (edativn 65

Amocivvbeon wév koAhaydvo 60-80
MetaBohég om opn

Zpikpuvon tov copkopepdinv ko eAdTToon

™G SNAPETPOL TV PVIKAY VOV 40-50

Kataotpopn e M-ypappnig kat omoctvoeon
TOV AETTOV KoL YOVEpOY vudTov 60-80

Merovcimon v cvstodtdv mpoteiviv

(mpdTo 5TAdI0 SKApUVENC) 40-50
ZvoToA KOAAOYOVOL
(devtEPO GTASI0 GKARPLVENC) 67-70

‘Evap&n tpugepomoinong 54



. AAAawvtomnoinon KpEATog
Juvtnpnon, mopoywyn MPoioviwy EAKUCTIKWY OTOV KATOVAAWTH

Eneéepyaoia pe vitpika (NO5™)/vitpwdn (NO,™) aAata, payelpko addtt, {axapn, ackopBika Kot
dwodoplkd alata K.o.

MeTtaBoAEC: Xpwa, YEUON, OCUNA

Nitpwka/vitpwdn alata, pOAOC-TIAEOVEKTAMATO
XNUATIONOC KoL oTaBEpOTIoinon XOPOKTNPLOTIKOU XPWHOTOC, OO TNV avaywyn oldrjpou
netapvoodalpivng Fe3* oe Fe?* amo to napayopevo NO.

NaNO; - NaNO, - HONO - NO
vITpKO Na vitpwdec Na vitpwdec ofl  o&eidlo N

MAeovektipata
XapaKTNPLOTLK ooun Kol yeuon - EmBpaduvon oeidwonc Autdiwy - Baktnploktovoc tdlotnta

Melovektpota
To&koTnTa Kol Ttopaywyn Vitpolapivwy (KapKLvoyoveg ouoieg), dlaitepa o uPnAEC
BepuokpaoLec.



POAOC XpPNOLLOTIOLOULEVWV OUCLWYV OTNV aAAavtomnoinon

AAdrTL
BaKTNPLOOTATIKO, CUYKPATNON VEPOU, YEUON, OKApuvon

AckopBka aAota
Auéavouv tn vitpoluAiwon tou oldrjpou (KaAUTEPO XpwHa), OVTLOEELOWTLKA TWV XPWOTIKWV,

TEPLOPL{OUV TO OXNHUATLOMO VITPOIOOULVWV

dwodopka aiota
JUYKPATNON VEPOU, OVTLOEELOWTLKA, OVTLLLLKPOPBLAKA

Zakyopa (YAukoln, dpouktoln)
BEATLWVOUV TO APWHO, LELWVOUV TN OKANPOTNTA TWV OAATWY, BEATLWVOULV ETILHOAVELAKO XPWHUOL,
glval BaktnplooTaTika



Nepldepetako pol anod Protuo, enibpaocn NO PoC ano aAAavtomnoinon

To NO katd tnv kavon npoépxetal ano to N Twv
EUAWV Kkal to O TG atpoodalpac.

NaNO;, = NaNO, > HONO = NO

vitpltko Na  vitpwdeg Na vVITpWOEC 0&L oéeilblo N



XpwHa KPEATOC KAl KATAOTACELC alLkol oldrjpou

H.O C. H.O NO
N\ N N\: /N N\: N N\
,Fezl‘ ,Fezl* ,Feg* ,Fezl*
N A RN N
blue/purple red brown pink
(raw, no air) (raw, air) (cooked or not fresh)

https://cooking.stackexchange.com/questions/24208/why-is-meat-red



Nitowdn ata Tpogiua - Yyeia



XNUIKEG AAANAETTIOPAOCEIG METASU VITPWOWYV, VITPIKWY KAl GAAWYV S1aITNTIKWV
OUCTATIKWY OTO 6SIvo TTEPIBAAAOV TOU OTOMAXOU

VITPWOEG
Vegetables 4,N,\
O O
Polyphenols /
) k . 9 Vitamin C //
N!tr.ate A /" Polyphenols
. Nitrite \ / Ethanol
Unsaturated fatty . i
acids ' Protein
///
e /’ N
/
"o /
/ \\
> ] / v \\_\ ~
‘// ] A 4 ) B
y / \ \y \
Nitrated fattyacids NO Nitrosothiols Ethylnitrite Nitrosamines

Lundberg J O, and Weitzberg E Gut 2013;62:616-629

Copyright © BMJ Publishing Group Ltd & British Society of Gastroenterology. All rights reserved.



Nitrate

Nitrite
Polyphenols Ethanol
Vitamin C j Polyphenols
“,» ‘ = \ ',/
X Hr4NO
Unsaturated fatty acids ," : “‘ Protein
; ¥ oo
4 NO,” v N0,
S No
ok ' \
v
R ¥ >
unsaturated fatty acids / “dietary polyphenol
Nitraton aSCO rblc aC|d Nitrosation
v \
Nitroalkenes NO Ethyl nitrite S-NO ethanOI, th iOIS,
Anti-inflammatory Vasodilation Vasodilation Vasodilation .
Cytoprotective Mucus formation Nitrosation Protein regulation secon d a ry amines

Antimicrobial

N-nitrosamines
Carcinogenesis

[h Weitzberg E, Lundberg JO. 2013.
Annu. Rev. Nutr. 33:129-59




ZuppETOXN BakTnpiwv 0To oXNUATIONO VItpola vV 0TO OTOMAXO

3 NO; NO, Protein
()
L
> NOj " > NO,
E l
pHD

NO,
c
) *
5 = pH
2
2 v
©
O

Nitrosamines
I [ am N
| =~ PAeypovn

© v
% +
O
O
s - iNOS

Lundberg J O, and Weitzberg E Gut 2013;62:616-629

Copyright © BMJ Publishing Group Ltd & British Society of Gastroenterology. All rights reserved.



NiTpolapiveg

RLIT'/RZ
Nx

O

210 otopaxo, (xapunAo pH) to HNO, mou mapdyetot
arno ta vitpwdn (NO,~) pmopei va avtldpaoeL Ue
deutepoyevelc Kal TpLtotayeic apivec kot va Swoel
VITpOoloUiveC.

MPOKELPEVOU VO EAATTWOEL 0 OXNUATIOUOC
vitpolapvwy, pooTtiBetal aokopPLko oL ota
TpOdLua ota omola npootiBevrtal vitpwon.

Nitpolapiveg UTIAPXOUV KOl OTNV UTTUPQL.



NiTpolapiveg

XNUKEC AAANAETULOPATELG LETOED VITPWO WV, VITPLKWV Kot AAAWYV SLALTNTIKWY CUCTATLKWY OTO
0éwo mepLBaAAov TOU CTOUAXOU

To oielo ou mepLexel vitpwdn ovta (NO,7), KATATVETAL CUVEXWC OTO OELVO OTOUAXL OTIOU
MALPVEL AUECWC EVOL TIPWTOVLO VLA vaL oxnpatiosl vitpwdeg o&u (HNO,)

ATtO 10 VITpWdEC 0&L pmopel va dSnuioupynBet pa ok iar avttdpwvtwy oéeldiwv tou alwtou
KOl QUTA (ItopoUV va avTLOpAcouV e AAAO SLALTNTIKA CUOTATIKA YLOL VO OXNHOTLOOUV VEEC
BLOAOYLKWC SPACTIKEC EVWOELG TTOU SPOUV TOTILKA OTO OTOMAXL /| CUCTNMLKA LETA TNV
aroppodnon.



ZUYKEVTPWOELC VITPLKWV O& PUTIKEC TPODEC

Ouada
Aa)QVIKWV

QOuA\wbeg

Botavo

BAaoTOC

Pita
KOovOuAoL

Aaxava

Oomnpla

BoABol

Opoutwdn
AQLXOLVLKAL

MuKnTeg

Napadeiypata

IMOVAKL, LapOUAL, pOKa, TEUTA

BaOLAKOC, paivTavoc,
avnBog, YAwpd KpeUpUSLa

omapayyt, papabog, oEAvo,
pafévtl

MNoatata, Navtiapt
KapoTo, ZEALVO

MrnpokoAo, Adxovo, oyoupo

Adxavo, Kouvoumidt

daooAla, pmileAla, daocoAakia

okOpbo, KPEUULSL

oyyoupt, Topata
peAt{ava, KoAokUOL

HovLtapl

MéyeBog
Seiyparog

25,306

492

1,379

7,579

3,192

882
243
2,822

12

Zuykévtpwon vitptkwv (mg/kg)

AwGpecog

1,140

791

302

152

241

56
60
83

41

Méon Twn

1,614

1,240

698

506

279

221
159
149

59

€VPOC
(P5-P95)

66—4,556

10-4,040

3-2,923

15-2,302

7-758

1-748
1-601
1-486

31-100



A. Zuvtripnon KPEATOC UE KATvViopa kat Ogpuavon

MEVIKA XOLPAKTNPLOTIKA

To KpEag KoL TaL TTPOLOVTOL TOU €KTLOevVTAL OTNV EMOpaon Kamvou Tou poEpxeTal ano Ppadeia
Kall ateAn kavon eWLkwv EVAWV

JuvnBwc og aAAaVTOTIOLNUEVA TIPOTOVTA

MetaBoAec oto xpwua (avtidpaoelc Maillard) kat dpwpa: avtidpoon patvoAlKwy EVWOEWV
KATtVOU e 0OUAPLOPUALKEC EVWOELC TIPWTEIVWV KPEATOC Kal avtidpaoslc Maillard.

To amotéAeopo e€apTATOL KoL ATTO TO £L60C TOU KPE£ATOC, AAAQ KAl TIC CUVONKEC yla TNV
TIOPOYWYI] TOU KATtvou.

AnoteAéopata

L ZApavon tne emdAVELOC

L ANy otn Soun mpwIsiviv

L Meiwon mAnBuopol pikpoopyaviopwyv (dawoln, poppardeiidn)
L Anpoupyia e§wteplkol pNTVOUXOU CTPWHLATOC

Artopuyn TEMAXLOUOU TOU KATIVIOTOU KPEATOC Katd tn cuvtipnon (Baktrptal).



Entidpaon
OEPULKWV
Kotepyaolwv

2uvoln

Yy nAéc Beppokpaaieg
. _ — mpookKalpn npootacia (kpgag, Papt, yaia,

auyo)/ petovoiwon

. _ — dlatrpnon ywa pRveg (yaka, kovoepPeg

KPEATOC)/ KataoTpodn UIKPOOPYAVLIOLLWY
#F Tayywon Amwv — Evvoouvrtal avtidpaoeslc Maillard

# Melwon Bpentiknc alag (Lys)
* AM\avtomnoinon — moAu aAati/NO,/ackopBika al./cakyapa

- ISHBEOEBNNEH - o :<npoxtovog 6T,

Maillard& -COOH (xpwpa-dpwpa)

BeAtiwon GUTIKWV MPWTEIVWV, TIEMTIKOTNTA

Fevotwkotnta, Stattntikn adia, toflkotnta
) (Avowo-ahavivn), petaBolr xpwpatog (Fes)




Aeldpoalavivn

5 SH
—— WOH + O
H,N
NH,
OH

Oépuavon, aAkaAiko TepiBailov

KuoTeivn

O O

NAavOeglovivn H O)J\_/\ SYJ\ OH

H> NH,

pdll



NEa avTiBIoTIKG

A '2’N~ ,N\)I'§' 'é'N X/N\/LI'§' '?'“J’L fN\)'lé'
Xn B Dehydration | n I  Cydization X H
SRR ARE S D
R” ™OH SH HS RY —~g-
(R=H or CH3) (methyl)lanthionine
B Class| Dehydratase | SpaB C‘J LanB
Cyclase Zn-ligands LanC
Class Il | Dehydratase ~ H_ Cyclase | || ] LanM
Class Il [ Kinase H Putative cyclase ] LanKC
Class IV Kinase H  Cyclase D LanL

Zhang et al. (2012) PNAS, 109 (45) 18361-18366

To auwvoéu Aavieiovivn yapaktnpilet ta “lantibiotics”, dnAaédn tic Baktnptlooivec kKAaong
| mou napayovtal anod ta Baktripla Tov yaAaktikou oé€oc.



Aeldpoalavivn

Oépuavon, aAkaAiko TepiBailov

O
HoN J
1 "OH
AucoivoaAavivn ‘\

(TOCIKA)
. L on



Enidépaocn OepUIKWV KATEPYAOLWV
OTLC AELTOUPYLKEC KOl OPEMTIKEC LOLOTNTEC TWV NMPWTEIVWV

Woén



Woén

Kp€ag - MNopeunddion avamtuéng LKpOOpYOVIoHWY, EVIULKAC EVEPYOTNTALC,
XNULKWV ovTIOpAoEWV

MetaBoA£g

Metatporr puoodatpivng oe petapvoodatpivn (Puxotpodol pkpoopyaviouol)
Arntodiataén mpwteivwyv og vPnAn Puén kot xapnAo pH

ArtoPuén: avantuén ULKpoOopYOVIoUWY oTn BpeyUevn emidavela, SLOyKwon KOAAayovou

H aodaAng cuvtripnon e€aptatal amno:

Oepuokpacio Puénc

ApXLKO ULkpoBLako ¢optio

Yxeon enipavelag oykou (amoduyr) Tou TEUAXLOUOU)
AlaBgolpn vypaoia

ZuoKevaoia

ni hwnNE



JUOKELOoLa

1. Aepooteync ocvuokevaoia: To mpolov meptBAAAeTal amo HeUBpAVN XAUNANRG SLATTEPATOTNTOG
oto O,. Adatpeital o agpag koL oppayiletal n cuokevaoia.

2. Agplovxoc ovokevaoia: O GpuoLKOC AEPOC AVTLKAOLoTATOL ATTO AEPLO N LELYHO aEpiwV
CO,, 0,, N,. KaBe a€pLo £XEL CUYKEKPLUEVO POAO 0TN SLATAPNON TOU KPEATOC.

co,

To TtLo ATOTEAECUATLKO. AVAOTAATLIKO 0TNV avamntuén aepoBLwv ertfAaBwyv opyaviopuwy.
MelovektApata: anwAeta Atmoug Adyw SLtaAutomnoinorc Tou otnVv enpAaveLa TOU KPEATOG =
HLElwON LKAVOTNTOC OUYKPATNONG VEPOU = xprion Helypatwyv CO,, O, kat N,.

0,
Xpnotpornoleitol oe cuvduaopo pe CO, kat N,. Mapouvoia O,, Statnpeitatl n puvoodalpivn otnv

otelbwpévn tng popdn (MbO,).
MelovektApata: Tayylon Alimtouc, avamntuén agpofLlwv pkpoopyaviopuwy cndPngc.

N,
Ye cuvbuaouo e CO,: adpaveéC CUUTANPWHLATLKO OTOLXELO yLa TNV tapepmtodion tne dtaxuvong
CO, oto Almog tnv tayylon tou Aimouc amno O,, TNV avantuén agpofLwv OpyOoVIoUWV.



ATtoOrKeuon UTIO KEVO: OLEPOOTEYNC CUCKEV Aol



2. Agpilouxog ouokeuaoia, Trapadeiypa: CO,, O,
Kpéag 1Tou €€e1€0n o€ TpoTroTroinuévn atpdéoaipa 80 % O, kai 20 % CO,
QaiveTal TTOIOTIKO, aAAG dev eival!

AvaoTOAR BAKTNPIAKAS aUgnong Kal KAAO Xpwua.
H ur) okAnpaivel.

H yeuon Tayyicel.
[Mpwrteiveg kai BiTauivn E oggidwvovral.
QavoueVIKA YwnuEVOo evw gival aynTo.

= OKANPO Kal AYEUOTO KPEAG



3. Evepyo¢ ouokevaoia — Active/Smart Packaging
EmitpEnel Statripnon TPOMOMOLNMEVNC ATHOODOLPAC TIOU ETEKTELVEL TN SLAPKELA
ouvtnpnonc. NpoaoBetika e€aletdng touv O, R tou CO, A LEUPPAVEC LE CUVTNPNTLKA N

TMPOOBETIKA Tapaywyn¢ atpnol aBavoAng N amoppodnong aBuleviou.

KMnO, Metals

Metal oxides

Essential
oils

Lactoferrin

Activated carbon
MOFs

Lysozyme

Chitosan

dioxide

Active
Palladium agents for bicarbonate | @
A it N
% % Ascorbic acid food ———
2B Brogalia p itricacid @
N packaging -
@ Gallic acid F y/
e errous .
©, Glucose oxidase carbonate 4
[ : 4
Phenolic .

THE FUTURE HAS ARRIVED

| o 6 Laccase /Essential oils ‘
' compounds  Intelligent Packaging

" Plant extracts

=N q-TocopheroI :
- Antioxidant
Vilela C. (2018) Trends Food Sci Tech, 80, 212-222

-



Yoen

FaAa

MeTaBoAéC oTa KaZEIVIKA MIKKUAIQ: HEPOC TNG Kalgivng attoxwpileTal atrd TO JIKKUAIO Kal
METaPEPETAI OTN OIOAUTH @Aon. AkoAouBei TTpdoAnwn vepou kail dIGAucn Tou
PWOPOPIKOU ACBECTIOU TWV MIKKUAIWV.

Emiukuvon Tou Xxpovou TTAZEWS JE TTUTIA (XUMooUvn), EAATTWON TNG OUVEKTIKOTATAG TOU
TUPOTTAYMATOG, MEIWON TNG aTTOd00NG OE TUPI.



Etmidpaon OepuIKWYV KATEPYATIWYV
OTIG AEITOUPYIKEGS KOOI BPETTTIKES 1010TNTEG TWV
TTPWTEIVWYV

Katayuén



Katayuén

Kpéag

-10 €w¢ -30 °C, ouvRBwg -18 °C.

TaxuTtnTta Katawueng: utrep-Ppadcia, Bpadcia, Taxeia, uTTEPTaxXEIa
Aidppnén Twv I0TWYV, KATACTPOP HEMBPAVWV.

21oug -10 °C: dnuioupyia KpUOTAAAWYV TTAYOU TTOU QUEAVOUV TN CUYKEVTPWON OAATWY
oTnVv udaTiKf aon. Aidppnén OEOUWYV TTPWTEIVWV VEPOU = HEIWOTN TTOOOTNTOC VEPOU,
METOUCIWON TTPWTEIVWYV, UTTORABUION BPETTTIKAG TOUC aciac.

Mevikd

000 peyaAutepn n dIGpKEIQ KATAWUENGS, TOOO PEYAAUTEPN N EKTAON TNG METOUCIWONG.

000 xaunAoTEPN N Bepuokpacia ouvTipnong, TO00 UIKPATEPN N €KTAON TNG

METOUCIWONG, MEYAAUTEPN N duvaTOTNTA EKXUAIONG KOl OUYKPATNONG VEPOU KATA TNV
atroyuen.



Etidpacn Tou xpdvou oTnv dIAAUTOTATA PUTKWV IVIOIWV KPEATOC TTOU £XEI KATAWUXOEI
oToug -20, -10, -5 °C uTré Taxeia katayuen (e), Bpadcia katayuen (o).

Mo: dIaAUTOTNTA IVIDIWY PPECKOU KPEATOGC.
M: d1aAuTOTNTA IVIOIWV KATEWUYUEVOU KPEATOG.



Yapia
H puoacivn JETOUOIWVETAI KOl CUVOEETAI UE TNV OKTiVN TTOU Oev PETARBAAAETAL: Wapia
OTEYVA KAl JOAQKA JETA TNV ATTOWPULN.

MaAa

O1 TTpwrTeiveg dev eTTnpedlovTtal onuavTika. H katdyuén epatropé kai axapouxou
eVOEXETAI VA TTPOKAAECEI ATTOOTABEPOTTOINON TWV KAlEIVWY, OTTOTE dNUIoUpYEiTal i(nua:
TTPOBANUA KATA TNV KATAWUEN CUPTTUKVWHEVOU YAAQKTOC.

AoT1dBeia kalgivng: BaBuoc ouuTTUKVWONG, TTACTEPIWONG, BepuoKpaacia Kal Xpovog
atTobrKeuong, KPUOTAAAWGON TNS AaKTOlNG.

To aoTrpdadi yevIKA avaAAoiwTo, HETABOAEC OTOV KPOKO WETA TNV atToYun. Kara tnv
Katayuen otoug -6 °C, 10 81 % TOU VEPOU TOU KPOKOU UTTO HoP®N TTAYOKPUOTAAAWY,
QUCAVETAI N CUYKEVTPWON TWV aAATWYV. KataoTpo@ry AITTOTTPWTEIVWV KATA TNV KATAWULN.
[MpooBrkn ocakxapwyv 1 JayeipikoUu AAATOC TTPOCTATEUOUV TIC ATTO TO WUXOG
TTPOKOAOUMEVES AAANOIWCEIG.



Etmidpaon OepuIKWYV KATEPYATIWYV
OTIG AEITOUPYIKEGS KOOI BPETTTIKES 1010TNTEG TWV
TTPWTEIVWYV



Kpéag

O 1pOTTOC £TTNPEALEI TNV BPETTTIKN aAfia TOU KPEATOG

2€ BuBion oT1o vepd =

ATTWAEIO OUCIWY ATTO ETTIPAVEIOKA OTPWHATA, KivOUVOC JIKPOPBIOKNG ETTIMOAUVONG

ATTOQUECN UE ETTAPN UE TOV aépa =

AVATITUCN JIKPOOPYAVIOUWY. ZXETICETAI UE ECWTEPIKN BEPUOKPOTia, uypaagia
ATUHOOPAIPAC, TaXUTNTA Kivnong TOu agpa.

Katd tnv amréyun egEpxeTal otrog =

Meiwon BpeTTIKAG agiag (TTpwTEiveg, BITAMIVES, GAATA),

Euvoeital n avamrugn JIKpoopyaviopwy (uypn ETIQAvEIQ)

EAatTwveTtal 1o Bapog

EcepxoOueEvOC OTTOC =

MéEBodoc¢ kataywugng, TPOTTOC atréYueng, Bepuokpacia kal dIApKEIa OUVTHPNONC.

To aoTrpdadl yeVIKG avaAAoiwTo, HETABOAEC OTOV KPOKO TTOU HETA TNV atréoyuen atrod -6 °C
Moladel e TTNKTA ONA. augnuévo 1IEWdec-CeAaTivotToinon. ATTWAEIO YAAQKTWHATOTTOINTIKAG
IKAVOTNTOG.



Etmidpaon OepuIKWYV KATEPYATIWYV
OTIG AEITOUPYIKEGS KOOI BPETTTIKES 1010TNTEG TWV
TTPWTEIVWYV

ApuddTwon



Adudatwon
MAgovekTnua: dtatripnon tpodipwv

Adudatwon pHe OEppavan, YEVIKA

Aloxetevon aépa vPnAwv Beppokpactwy = ernpLa emidpoaon oToug LUEC LOTWV

H ¢énpavon = vPnAn cUYKEVTPWON OAATWY = CUCTOAN HUWV, AUENCN LOVLKAG LOXUOC, LETOUCLWOELC OTLG
npwTteivec (aAAodounon)

AAAQYEC LOLOTATWYV KPEATOG KATA Th O€ppavon

Kp€ac, mouAepika, PapLa - LETA TO payeipepa yivovtal oAU HoAaKd, averlBUUNTEC YEVOELC

1. 20°C: Mpwtn amwAELO CUYKPATOUMEVOU VEPOU, LETAPBOAEC SOUNC, LETOUGIWON CAPKOTIAQCLOTLKWV
MPWTEIVWV

2. AgVtepn anwAeLla vepou otou¢ 40-50°C, petovoiwon cuotaAtwy Mpwieivwy, cuveyiletol puexpt touc 80°C.

3. 80°C kat avw: oxnuatiopog H,S. AntwAsta 6€vwv opddwyv = avénon pH = tdon cuykpAatnong vepou

L Zehatwvomoinon tou koAayovou otouc 100°C = alénon KaTaKpPATOUHEVOU VEPOU, OXL OHWCE OLPKETH WOTE
Vo LOOOTOOULOEL TIC TTPONYOULLEVEC ATIWAELEG.

Mn evupkn apavpwon - Avtidpaocsic Maillard

H yAukoln kot o dwoPopUALWHEVA TTAPAYWYO TWV CAKXAPWVY EVWVOVTOL UE LEYAAO aplOUO apvoEEWV Kall
npwteivwv. AAAayn duolkwv LELlotATwY PwTeivwy pe anotédeopa tn dSuokapia-okAnpotnta. Kataotpodn
QTP ALTATWY OLULVOEEWV.



Etidpacn Tng Beppokpaciac otnv KAPTTUAN pH-evuddTwong
TWV HUWV Bogiou KpEaTog.



MéEBobdoL Apudatwaong

=Apavon Me Kevo (vacuum drying)
H e€dAewn tou agpa pelwvel otic LetaBoAéc ou odeilovtal o€ ofsidwon Kal YounAn
Beppokpaoia, meplopilel tn KN evUULKN apolpwon.

NvodiAiwon (freeze drying)

To mtpoiov KataP UXETAL, N TILECN LELWVETOAL, TO VEPO ATIOUOKPUVETOL UE €EAXVWON
KaAUtepn nEBodoc ylo adudATWOon KPEATOOKEVACUATWY. Alatipnon apxLtkou
OXAMATOC, TOPWOEC MPOLOV, EMITPETEL EVKOAN evudATWON.

\ MetaBolég oTic MpwTeiveg: okAnpuvon (otevotepn olvdeon popiwv
QKTWVOUUOGIVNG, EESIMAWIA CAPKOTIAQCLOTLKWY TIPWTEIVWY, OXNUOTLOHOC KALVOUPLWV
deopwv).



MéEBodoL Apudatwong

=Apavon pHe Pekacuo (spray drying)

Adudatwon auywv Kat YoAAKTOKOULKWY TIpolovTwy. To mpoidv Pekaletal oe
XWPO LE BEPUO QEPA TIOU ETIUTPETIEL TNV EEATLON TOU SLOXETEVOUEVOU UALKOU

KOlL TN LETATPOTIH) TOU OE OKOVN.

Aev apATNPOUVTOL CNUAVTILKEC LETABOAEC 0T SOUN TWV TPWTEIVWY, TN
SLAAUTOTNTA TOU YAAQKTOC KOL TWV TIPOLOVTWV.

ErtiBAaBeic emumtwoelg otic mpwteiveg Tou avyou (adpLopog).




Feed in ZUUTTIUKVWHEVO YaAa
Steam

Air coils Fan

in —» @1. ;
ff 1\' Air

Exhaust

° T
(=]
o <

VANAN
\A\RN
SN

Cyclone
separator
Product ,' Fine \\\
out { Product | =npé mpoidv
s._out -

Samm="

8.15 Typical arrangement of a spray dryer.



MéEBobdoL Apudatwaong

=npavon Ke KUAivépoug (tupmava)

To vypo Tpoiov £pxetal o€ enadn He MeploTpedOpEVOUC KUALVOpOoUC TTou
Oeppaivoviol ECWTEPLKA LE ATHO KAl ENpailveTal 0€ AETTTO CTPWLAL.

H Beppokpaoia eAEyXETAL ALOTNPA VLo APLOTN TIOLOTTO TTPOLOVTOC.
@ AvVeTILOU UNTN OOUN KAl LElwon SLHAUTOTNTOC MPWTEIVWVY. AnUloupyio VEWV

apwoEewv (poupolivn, muptdolivn) mapaywywv Auoivng =2 Melwon Stattntikig aglog
YAAOKTOC



Znpavon e Evav r Vo KuAivépoug

Ll ]
- il S

Feed 2N/ Product ;

Y

~ ’I
Knife ~------
Fala
(b) . Feed
Knife ! Knife
\ S _

Productles 2o Product:

‘\\ ’I

______

8.16 Drum dryer arrangements: (a) single

8 drum; (b) double drum (adapted
from Karel et al., 1975).



Avtidpacelc Maillard og yaAa mov &npaivetal og kuAivépouc

Napaywyn e-ppouktdculo-Auacivng

& Meilwon Bpemntikic agiog yaAaKToG
HPLC

The Maillard reaction

/ LYSINE

R-NH,+ ALDOSE 4_’ SCHIFF'SBASE —Pp ALDOSYLAMINE m |b0i|ing HCl > FUROSINE

\4 PYRIDOSINE




HOH,C-(CHOH,),-C-CH,-NH-(CH,) -CH-COOH

NH, fructosyllysine
NH,
) CH,-(CH,),CH-COCH
+
N CH,
—
© |
C —CH,NH-(CH,),-CH-COOH =
\ I | HO
0 NH, OH
furosine
NH,

CH,-(CH,),-CH-COOH

N. _CH,

HO pyridosine




Abs

2,50

€ - Fructosyl-lysine Kinetic on milk

Enineda e-ppouktolulo Auaivng og SLadopeTIKA MAPATKEV ATUATO YAAAKTOC

2,45

2,40

2,351

2,30

R=0,99

» Pasteurized

* Powder

R=0,99

60

70

80

400
300
200
7
, ay 9P
raw pasteurized UHT powder childhood
powder
| 29 69 142 400

|

High Temperature Short Time (HTST)

*UHT: Ultra-high-temperature




