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1 Inngangur

Hef@bundin nyting 8 grasleppu hefur verid til hrognavinnslu en adrir hlutar fisksins hafa
ekki verid nyttir og varpad fyrir bord. Samkveemt reglugerd sjavaritvegs- og
landbunadarraduneytis um hrognkelsaveidar sem ték gildi 1. Jantdar 2012 pa ber
grasleppusjomoénnum ad koma med allan afla ad landi (Sjavarutvegsraduneyti, 2010). bvi
er afar mikilveegt ad finna sem flestar nytingarleidir fyrir grasleppuna og einnig ad hafa

baer sem ardbaerastar fyrir idnadinn.

Samkvaemt upplysingum & heimasidu AVS rannsdknasjods i sjavarutvegi (2012) hafa
nokkur verkefni verid styrkt af sj6dnum er mida ad fullnytingu hrognkelsa. Rannsakadir
hafa verid eiginleikar grasleppuhvelju m.t.t. framleidslu 4 kollageni og ur grasleppuholdi
hafa verid framleiddir bragdkjarnar en einnig hefur med tilstyrk sjédsins verid hafin sala a
frystri grasleppuhvelju med holdi til Kina med gédum arangri. Einnig var verkefnid ,,Préun
vinnslu grasleppu® unnid hja Matis par sem markmidid var ad proéa ,hefdbundnar” afurdir

ur grasleppu (Gunnar bérdarson o.fl., 2013).

Minni vinna hefur verid a svidi nytingar a préteinum ur grasleppu, hvorki innanlands né
erlendis, til ad framleida afurdir eins og t.d. surimi og feedubdtarefni sem mikill markadur
er fyrir. Pessu verkefni var setlad ad baeta ur pvi. bvi fleiri nytingarmoéguleikar sem finnast
a grasleppunni pvi betra, en talid er ad um 4000 tonn af fiski hafi verié hent arid 2010
(mbl 2010). Sem daemi er nu eftirspurn eftir surimi i heiminum um 150 pusund tonn
umfram frambod, og hafa & sidustu arum margvislegar dhefdbundnar tegundir verid
nyttar i surimivinnslu til ad maeta aukinni eftirspurn. Vaeri pvi eftir miklu ad slaegjast ef
taekist ad nyta grasleppuproétein i surimi. pott akvedinn arangur hafi nddst vid nytingu a
grasleppuhvelju med solu til Kina er mikilvaegt er ad skapa fleiri nytingarmaoguleika til
deemis ad prda ferla til ad vinna prdétein ur grasleppu til nota i surimi og likar afurdir, sem
iblondunarefni eda feedubdtarefni. Slik nyting & grasleppunni myndi pyda meiri
verOmaetaskdpun en faest i dag fyrir aflann. bpessu verkefni var aetlad ad kanna pessa

moguleika.



Samsetning grasleppu hefur verid meeld og helstu nidurst6dur syndu ad medal
hrognafylling var 28%, haus, hvelja og spordur um 37% og flok um 13% (Tafla 1). begar
hrogn eru nytt er pvi um 70% af heildarpyngd fargad.

Tafla 1 — Nidurstodur maelinga & nytingu grasleppu (Olafur Reykdal o.fl. 2011). Medaltal
(n=10) + stadalfravik.

Veidisvaedi*  Veiditimi Lengd Heildar- Flék Hrogn Lifur Haus, hvelja Hryggur Slég
[cm] byngd [g] [g] [g] el og spordur [g] el [g]
Huanafléi 20.3.2011 42+2 28871584 396165 7741247 99+36 10804240 222457 172166
Hunafloi 25.4.2011 41+1 2842+390 412473 716+185 109+36 1097138 149+22  309+415
Huanafléi 7.6.2011 41+1 3148+279 454171 9404118 97+14 1173132 167+39 149+21
Skagafjordur  24.5.2011 39+2 2225+370 248+60 5574218 55420 8221106 143+30 104+£18
Skjalfandi 13.5.2011 39+2 2750+511 325168  821+177 77+27 9151167 123430 136125
Hlutfall af heildarpyngd [%] 13,2 27,5 3,2 36,7 5,8 6,3

*syni fra Hunaflda unnin fersk en hin fryst

Efnainnhald grasleppa hefur verid meelt af Matis ohf. (Tafla 2) og reyndist prétein i flokum
vera um 8,5% en 13,5% i hvelju (Olafur Reykdal o.fl. 2011). bad er pvi |jést ad haegt er ad
na ad vinna umtalsvert magn af préteinum ur grasleppu til aukinnar verdmeetaskopunar.

Tafla 2 - Efnasamsetning i grasleppuafurdum. Innihald i 100g af setum hluta (Olafur
Reykdal o.fl. 2011)

Hlutur Prétein Fita Aska Vatn
[g/100g] [g/100g] [g/100g] [g/100g]
Flok 8,510,6 13,343,5 0,940,1 77,6%4,2
Hvelja 13,5%3,2 0,8+0,6 1,0+0,1 82,6%3,4
Sodin hvelja 14,1 0,2 0,9 83,9
Lifur 9,8 22,1 1,3 66,3
Hrogn 13,541,6 3,410,7 1,0+0,1 80,5+2,0

[ verkefninu voru tveer mismunandi adferdir notadar vid ad préa nyjar afurdir Gr
grasleppu. Annars vegar framleidsla 8 einangrudum préteinum m.a. til ad framleida surimi
og hins vegar framleidsla a@ purrkudum préteinum med eda an forvinnslu med ensimum

til ad nota sem iblondunarefni eda i faedubodtarefni.



Vorupréun i verkefninu saekir hugmyndir i framleidslu a@ afurdum ur surimi og nytir pekkta
en nystarlega adferd vid einangrun préteina eda pH hlidrunaradferd (,,pH shift process”).
Mikil pekking er erlendis & svidi framleidslu surimiafurda og pH shift ferli. A islandi hefur
somuleidis mikil pekking byggst upp a pessu svidi, adallega innan Matis sem hefur unnid
verkefni @ pessu svidi i ndinni samvinnu vid pa erlendu adila sem upphaflega préudu
adferdina og MPF island sem hefur rétt 4 notkun adferdarinnar 4 islandi. | pessu verkefni
var stefnt ad pvi ad sameina og nyta pessa pekkingu sem aflad hefur verid til ad prda nyjar

verdmaetar afurdir Ur grasleppu.

Proteineinangrunarferlid ma sja 8 Mynd 1. Ferlid gengur Ut 4 ad pynna hrdefnid med vatni,
haekka syrustigid til ad gera eftirsott protein leysanleg, fjarlaegja daeskileg éleysanleg efni
(t.d. bein, rod og fitu) med skilvindun og fella ad pvi loknu Ut hin aeskilegu prétein med pvi
ad lekka syrustigid (Hultin og félagar 2003). Forsendan fyrir gott surimi (Mynd 2) og
protein til iblondunar er géd vatnsbinding og geljun proéteinanna. Haegt er ad sja af
efnainnihaldi grasleppu ad fiskurinn inniheldur meira vatn per préteineiningu en flestar
adrar fisktegundir. betta er visbending um ad préteinsamsetning fisksins sé mjog sérstok
og hafi mikla vatnsbindingareiginleika sem lofar gédu um vinnslueiginleika préteinanna

og notkun peirra i surimi og 6nnur matveeli eins og t.d. unnid fiskmeti.

Protein verda leysanleg
Frumuhimnur rofna
Seigja lekkar

Leysanleg
protein

Oleysanleg
efni

Hem prétein
ad mestu
~ leyti
fiarlzegd

Vatn endurnytt «

Mynd 1 - Préteineinangrunarferli med pH hlidrunaradferd a tilraunastofu.
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Mynd 2 - Deemi um surimiafurdir

Syrustigsadferdin byggir & pvi ad leysanleiki préteina er mismunandi eftir syrustigi.
Hefdbundinn ferill fyrir leysanleika fiskproteina ma sjd a Mynd 3. bar sést hvar
leysanleikinn er minnstur vid um pH 5 sem kallast jafnhledslupunktur préteinanna en
mestur vid hatt og lagt syrustig. Vid hvada syrustig pessi ha- og lagmork eru er misjafnt
eftir pvi hvada hrdefni unnid er med. Einnig skiptir mali medhéndlun hraefnis fyrir
vinnsluna og er par sérstaklegt horft til seigju lausnarinnar, en par getur frysting haft ahrif

a eiginleika préteina (Mynd 4).
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Mynd 3 — Préteinleysanleiki sildarvodva milli pH 2 og 12, vid 4-6°C (Geirsdottir o.fl.,
2007).
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Mynd 4 - Seigja sildarproteina ur ferskri sild, eftir viku frystigeymslu og 6 manada
frystigeymslu vid 4-6°C milli pH 2 og 12 (Geirsdéttir o.fl., 2007).

A undanférnum arum hefur verid 16gd mikil vinna i ad auka nytingu og gaedi i islenskum
fiskidnadi. Erfitt verdur ad auka ardsemi hinnar hefdbundnu vinnslu svo miklu nemi,
komid er ad akvednu paki. Adaldherslan og séknarfzerin er a svidi nytingar a hraefni sem
i dag fer i ddyrar afurdir og yfir i mun verdmaetari afurdir. Enn fellur mjog mikid af vannyttu
préteinriku hraefni til vid fiskvinnslu & slandi, en hér eru mikil verdmaeti ad fara fyrir bi.
Uppbygging a svidi aukinnar nytingar og verdmeetaskopunar a fiskiproteinum er pvi
gridarlega mikilvaeg til ad eiga moguleika @ pvi ad auka verdmaeti islensks sjavarfangs a

naestu arum.



2 Einangrun a préteinum

[ pessu kafla er fjallad um nidurstddur sem tengjast adallega fyrsta verkpaetti verkefnisins
- Hdmorkun & breytum vid einangrun med pH adferd — en einnig var hraefni unnid fyrir
naestu verkpaetti. Studst var vid adferd Hultin og félaga (2003) vid ad einangra protein ur
grasleppu eins og kom fram i inngangi. A pann hatt var vonast til ad fjarleegja daeskilega
baetti eins og fitu og fa hreinan prdoteinmassa sem hefdi jakvaeda eiginleika en samsetning

grasleppu bendir til ad préteinin hafi einstaka vatnsbindieiginleika.

2.1 Efni & aoferodir

2.1.1 Hraefni
Notud var badi fersk eda frosin grasleppa. Frosin blokkfryst heil grasleppa eda fersk slaegd

grasleppa kom a is fra Drangsnesi.

2.1.2 Leysanleiki

Grasleppa afpydd, hokkud nidur, 6 rammalum af is kdldu kranavatni baett vid hakkid (1:6,
fiskhakk:vatn) og lausnin gerd einsleit med hakkara (Dynamic MF 2000). Lausn skipt upp |
skilvinduglos og syrustig stillt. Sett i skilvindu @ 10.000xg i 20 minutur og leysanlegt protein
maelt med Biuret adferd (Sjd ndnar i vidauka). Leysanleiki metinn sem prdsent af

heildarmagni préteins i upphaflegri lausn skv.

. Leysanleg prétein
Leysanleiki [%] = - —— x 100
Heildarmagn proteina

2.1.3 Protein einangrun

Grasleppa afpydd (ef geymd i frysti), haus, hvelja og spordur fjarleegdur, hokkud nidur
(med VCB-62), 6 rammalum af iskdldu kranavatni beett vid hakkid (1:6, fiskhakk:vatn) og
lausnin gerd einsleit med hakkara (Dynamic MF 2000). Syrustig stillt 8 pH 11,0 med 2M
NaOH lausn. Lausn siud og syrustig leekkad nidurium 5,3 med 2M HCl til ad fella at prétein
og lausnin siud i annad sinn. Einangrud protein vigtud, pakkad i poka sem var loftteemdur

og geymd i frysti (-24°C) (Sjd ndnar i vidauka).



2.1.4 Rafdrattur

Samsetning einangradra grasleppupréteina var skodud med rafdrzetti (e. with sodium
dodecyl sulfate polyacrylamide gel electrophoresis), oft kallad SDS-PAGE (Laemmli, 1970)
og var framkvaemt med Mini-Protean Tetra system (BioRad). Valin syni ur
leysanleikakdrvu dsamt synum ur kalsium utfellingartilraun voru atbuin til SDS-PAGE
maelinga med pvi ad blanda vid Lamelli buffer og B-mercaptoethanol, sodid i 5 min og svo
keelt & is. Syni (styrkur u.p.b. 1 mg/mL) og stadall (Neolab — cat. P7702S) voru sett 4 12%
akrilamid gel og rafdregin vid 60mA. Gelid var litad med Coomassie Blue, aflitad med 10%

ediksyru og ad lokum skannad til frekari Urvinnslu.

2.2 Nidurstodur og umradur

2.2.1 Forvinnsla
Bzedi fersk og frosin grasleppa var notud sem hraefni. Betur gekk ad forvinna hraefni sem
hafdi verid fryst par sem betur gekk ad fjarleegja hveljuna. Mynd 5 - Mynd 9 syna deemi

um grasleppur @ mismunandi stigum forvinnslu. Sérstaklega var gaman ad sja hvad litur

getur verid mismunandi @ grasleppuhrognum (Mynd 9).

M_Ynd 5 — Grasleppa ad lokinni sléegingu.



Mynd — Haus og hvelja.



Mynd 9 — Grasleppuhrogn.



2.2.2 Proteinleysanleiki

Upphafssyrustig reyndist vera pH 7,5 sem er haerra gildi heldur en fengist hefur fyrir annan
hvitan fisk svo sem porsk og Tilapiu par sem gildid er yfirleitt um 6,5 til 6,8. Pédnokkur
munur er & milli leysanlegra préteina i fersku og frystu hraefni (Mynd 10). [ fyrsta lagi er
munur a leysanleika vid pH 5,5 sem er meiri i fersku hraefni. Hins vegar var leysanleiki
mun meiri vid pH 2 fyrir frysta hraefnid. Prétein i fersku hraefni voru mun leysanlegri vid
pH 11 heldur en i frystu hraefni en pad syrustig er notad vid einangrun. Sambeerilegar
nidurstddur fyrir leysanleika fyrir og eftir frystingu hafa adur sést pegar unnid er med

annad hraefni til deemis sild (Geirsdoéttir o.fl. 2007).

100

80 ]
60
40

20

Leysanleiki proteina (%)

100
®
= &0
£
a
5 60
8
=z 40
=
v 20
g

0

2 3 4 5 6 7 8 9 10 11 12
PH

Mynd 10 — Leysanleiki proteina ur ferskri (eftir mynd) og frystri (nedri mynd) grasleppu
vid valin pH gildi milli 2 og 12.
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Protein leysanleg vid mismunandi syrustig voru rafdregin sbr. Mynd 11.

pH20  Msker  DHZE  pHS0  pHGS  pHBO pHIOS  pH1i0 pHILS I

et}
200 ' —  O——
158

12% gel

Mynd 11 - SDS af leysanlegum grasleppupréteinum vid nokkur syrustig.

2.2.3 Proteineinangrun

Fryst hraefni

[ fyrstu tilraunum var notast vid fryst hraefni og féllu préteinin litid Gt vid pH 5,5. Pad sem
féll ut var frekar eins og vatnsmikid mauk i stad pess ad vera préteinmassi og var pvi ekki
haeft i surimigerd. Nokkrar tilraunir voru gerdar en skiludu fremur lagum heimtum eda um
30%. Var pvi ljést ad ekki veeri unnt ad nyta pad til préteinframleidslu. Préteinmassi sem

var einangradur var pvi nyttur i ensimvatnsrof (sja kafla 4.2 bls. 31).

Ferskt hrdefni

Betri heimtur fengust pegar unnid var med ferskt hraefni en po laegri en i fyrri tilraunir
med annad hraefni eins og porsk. Hinsvegar gekk agaetlega ad fjarleegja raudan lit ar
blédvokva (Mynd 12 til Mynd 14). Einnig var erfitt ad einangra préteinin par sem pau

myndudu ekki stérar pyrpingar vid utfellingu heldur smaar agnir.

11



Mynd 12 — Hakkad hold og vatn i hlutféllum 1:6.

Mynd 13 — Hakkad hold og vatn i hlutféllum 1:6 ad lokinni skilvindu vid pH 11.
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Mynd 14 - Lausn vid pH 5,5 ad lokinni skilvindu.

itarlegar tilraunir voru gerdar til ad einangra prétein Ur grasleppu med basaferli par sem
notast var vid nytt, ferskt hraefni. Vanalega falla prétein ut vid pH 5,5 en grasleppuprétein
vildu ekki falla at i miklu magni. Er pad évenjulegt og hefur ekki sést fyrir adrar fisktegundir
sem hafa verid profadar eins og d6ur hefur komid fram. Reynt var ad nota kalsium f
lausnina i styrknum 0,5% CaCl, en vitad er ad pad getur aukid utfellingu & préteinum.
Framkvaeemdur var rafdrattur (Mynd 15) a grasleppupréteinum til ad kanna hvort énnur
protein veeru par heldur en i 6dru fiskholdi. Enginn munur fannst @ SDS mynd. Einnig leiddi
han { ljés ad prétein féllu sidur Gt med ibldndun & kalsium. A myndinni ma sja
proteinrafdratt 8 hokkudum grasleppuflokum (hraefni), prétein sem féllu po ut vid pH 5,0
og 5,5 med og an kalsium og uppleyst prétein sem falla ekki at heldur haldast fjétandi i
vatnslausn (supernatant). Nidurstadan var ad proéteinin falla sidur ut med kalsium par sem

linur 10 og 8 eru dekkri en linur 7 og 9 (Mynd 15). Einnig var préteinlausn latin vera yfir

13



nott i kaeli. Betri heimtur fengust @ pennan hatt en ekki i pad miklu magni ad pad teldist

fysilegt @ framleidsluskala.

-

4 5 P
Mynd 15 — SDS rafdrattur — linur fra vinstri til hsegri: 1) upphafshraefni - grasleppa,
2) stadall, 3) grasleppuprotein vio pH 5,0, 4) grasleppuprotein pH 5,0 med kalsium,
5) grasleppuprotein pH 5,5, 6) grasleppuprotein pH 5,5 med kalsium, 7) fljétandi vid pH
5,0, 8) fljétandi vid pH 5,0 med kalsium, 9) fljétandi vid pH 5,5 10) fljétandi vid pH 5,5
med kalsium.

2.3 Alyktun

Leysanleiki grasleppuproteina vid mismunandi syrustig reyndist vera svipad og fyrir dnnur
fiskprotein sem adur hafa verid préfud. Hins vegar gekk illa ad fella prétein at til ad nyta i
surimi eda adrar proteinafurdir sem stefnt var 4 ad proa i verkefninu pratt fyrir itrekadar
tilraunir. Vatnsbindihaefni préteinanna eda fituinnihald i lausn eru adallega talin vera
astaedur og ekki tokst i verkefninu ad finna lausnir & pvi. Af pessum sékum var ekki haegt

ad vinna ad 6drum verkpaetti verkefnisins — bréun surimi ur grasleppuproteinum.
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3 Eiginleikar purrkadrar grasleppu
[ pessum kafla er fjallad um nidurstddur sem tengjast Verkpattum 3 & 4; bréun purrkadra
proteinafurda og Eiginleikar purrkadra afurda. Hér verdur fjallad um vinnslueiginleika

préteina purrkud beint. [ kafla 4 verdur fjallad um eiginleika syna ad loknu vatnsrofi.

3.1 Framkvaemd

3.1.1 Grasleppuvinnsla

Heil frosin grasleppa var fengin fra Patreksfirdi (Snerpa) i lok mai 2013 (5-6 kassar).
Fraudkdssunum var komid fyrir i -24°C og peir geymdir par til notkun fér fram. Grasleppan
var tekin ur frysti 9.des.2013 og sett i kaeli vid 0-2 °C. Daginn eftir var hun tekin ur kaeli og
komid fyrir inn i vinnslusal vid stofuhita (13 fiskar). Fiskurinn var hausadur, slaegdur og
hvelja tekin af. Mismunandi hlutar voru hakkadir og hveljan skorin i bita. Allt sett i bakka,

fryst og frostpurrkad.

3.1.2 Efnameelingar
Vatn, protein, fita, salt og aska maeld a efnastofu Matis i hraefni og purrkuéum afuréum.

Syni voru send i amindsyrugreiningu til byskalands.

3.1.3 Vinnslueiginleikar

Vatnsheldni (Water holding capacity)

Um pad bil 3,2 gromm af dufti blandad vié 100 g af porskhakki og 20 g af eimudu vatni i
matvinnsluvél i 30 sekundur a hrada 5. Syni 1atid bida a is i 30 minatur. Vatnsheldni var
sidan akvordud samkvaemt skilvinduadferd (centrifugation method) (Eide og fleiri 1982).
Syni (2 g) var ndkveemlega vegid i gleeran hélk med neti i botni, sett i skilvinduglés med
glerkdlum (Mynd 16) og skilvindad tafarlaust vid 210 x g i 5 minatur vid 0-5°C. byngdartap
eftir skilvindun var deilt med vatnsinnihaldi porskhakksins og tjad sem %WHC. Hvert syni

var meelt fjérum sinnum. Vatnsheldi reiknud skv.
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ngd synis * vatnsinnihald |%]| — pyngdarta
wHC [%] = P24 [%] — byngdartap

pyngdartap * vatnsinnihald [%]

Mynd 16 — Synaglos o.fl. fyrir vatnsheldnimaelingar.

Oliubinding (oil binding capacity)

Um 5 g af dufti vigtud nakvaemlega og 20 g olia sett i skilvinduglas (Beuchat, 1977). Lausnin
[atin standa vid herbergishita i 30 min, blandad med spatulu 8@ 10 min fresti. Skilvindad vid
4000 rpm i 30 min, vid hitastig um 20°C. Oliufasanum hellt af og hann veginn ndkveemlega.

Oliubinding (OBC) reiknud samkvaemt

0BC = heildarmagn oliu [g] — magn af oliu hellt af [g]

massi protein [g]

Yruhaefni (emulsion capacity)

Um eitt gramm af dufti vegid ndkveemlega og 100 mL af 0,1 M NaCl voru sett i 1L
plastbikarglas (Kristinsson og Rasco, 2000; Webb og fleiri, 1970). Elektré6dum fjoImaelis,
sem meeldi viondm (Q), var komid fyrir innan a plastbikarglasinu. Synid blandad med

UltraTurrax 4 9500rpm i 20 sekdndur, an pess ad snerta botn plastbikarglassins. Hradi
16



Ultra Turrax aukinn i 13500rpm, an pess ad snerta botn plastbikarglassins. Wesson
Vegetable Qil Iatin renna ur 500 mL skiltrekt, ofan i plastbikarglasid, til ad skapa oliu i vatni
yrulausn. Vidnamid haekkadi skyndilega, yrulausnin féll og oliurennslid var stodvad. A
bessum punkti, pegar vionamid hakkadi og yrulausnin féll, hafdi yruhaefni préteinanna
nad hamarki og myndad vatn i oliu yrulausn. Hvert syni maelt tvisvar sinnum. Yruhaefni

(EC) reiknud samkvaemt:

massi eftir blondun [g] — massi fyrir blondun [g] _ g
EC = ———— /edlismassi oliu [—]
massi protein [g] mL

Yrustédugleiki (emulsion stability)

Um eitt gramm af dufti vegid nakveemlega, 100 mL af 0,1 M NaCl og 100 mL af Wesson
Vegetable Oil voru sett i 1 L plastbikarglas (Kristinsson og Rasco, 2000; Miller og
Groninger, 1976; Yasumatsu og félagar, 1972). Synid blandad med UltraTurrax a
13500rpm i 2 minutur. Syninu hellt i 3 maeliglos (50 mL) og |atid standa i 15 minatur.
Heildarrammal og rimmal vatnsfasa lesid af kvarda maeliglassins. Hvert syni var maelt

brisvar sinnum. Yrustddugleiki (ES) reiknadur samkvaemt:

_ (heildarrdmmal [mL] — vatnsfasi [ml]) » 100

heildarraummal [mL]

Leysanleiki

Leysanleiki proteinduftsins i vatni, var metinn med Kjeldahl adferd. Um pad bil 2 g af dufti
vegin nakveemlega, leyst upp i 190 mL af eimudu vatni og blandad med UltraTurrax 3
8000rpm i 30 sekundur. Synid 1atid bida & is i 60 minutur. Skilvindad vié 16300 x g i 15
minutur @ 4°C i Bechman Coulter Avanti J-20 XPI skilvindu med JA — 10 rétor. Magn af
leysanlegu proteini i vokvafasanum var dkvardad med adferd Kjeldahl (Nx6,25).

Proteinleysanleiki reiknadur skv.

Préteinleysanleiki [%] = Proteinilausnigl . 140

Heildarmagn proéteina [g]
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3.2 Nidurstéodur rannsoknar a purrkudum grasleppuhlutum

3.2.1 Grasleppuvinnsla

Heill fiskur var vigtadur eftir slaegingu adur en haus var sagadur af med bandsog Matis og
vigtadur (Tafla 3). Haus reyndist vera teep 20% af heildarvigt fisksins. Ad lokum voru
hausarnir hakkadir, settir i bakka, frystir og frostpurrkadir (Tafla 3 & Mynd 17). Hrogn og
innyfli voru einnig fjarlaegd (Mynd 9). Hveljan var fjarleegd (Mynd 18) og reynt ad hakka
hana en an arangurs — reyndir voru 2 mismunandi hakkarar sem rédu ekki vid hveljuna.
Var han pvi skorin i bita og frostpurrkud pannig. Ad lokum var holdid sem eftir var hakkad,

fryst og frostpurrkad. Var akvedid ad hakka holdid med beingardi (Mynd 6).

Tafla 3 — pyngd af slagdri grasleppu og hausum.

Fiskur nr. Heill fiskur Haus Haus sem hlutfall af
[e] [e] heildarpyngd [%]
1 2366 473 20%
2 2618 377 14%
3 3139 350 11%
4 2673 463 17%
5 2178 416 19%
6 2642 445 17%
7 2770 493 18%
8 3177 548 17%
9 2691 485 18%
10 2426 466 19%
11 2797 444 16%
12 3356 522 16%
13 2695 436 16%
Meadaltal 2733 455 17%
Stadalfravik 332 54 2%
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Mynd 17 - Grasleppuhausar, fyrir og eftir hokkun.
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3.2.2 Purrkun

Syni voru vigtud fyrir og eftir frostpurrkun (Tafla 4, Tafla 5 og Tafla 6). Hrogn og innyfli
voru einnig skilin fra. Hrognin voru svo mismunandi a litin ad dkvedid var ad taka fra 4
mismunandi ,liti“ og skoda nanar. Hrognin voru merkt 1, 2, 3 og 4 (Mynd 9) hokkud, fryst
og frostpurrkud. Hveljan var eins og fraudplast ad lokinni hokkun og ekki var haegt ad

hakka hana eda greina frekar.

Tafla 4 — Hakkadir hausar, vigtun fyrir og eftir purrkun.

Bakki nr. Fyrir purrkun [g] Eftir purrkun [g] burrefni [%]

1 350,5 35,6 10,2

2 349,3 35,4 10,1

3 345,9 35,1 10,1

4 350,9 35,5 10,1

5 344,4 34,6 10,0

6 347,1 35,2 10,1
Samtals 2088,1 211,4 10,1

Tafla 5 — Hokkud flok, vigtun fyrir og eftir purrkun.
Hokkud flok fyrir ~ Hokkud flok eftir

Bakki nr. burrkun [g] burrkun [g] burrefni [%]
1 348,4 49,3 14,2
2 344,5 48,7 14,1
3 348,5 48,9 14,0
4 350,6 49,1 14,0
5 350,8 49,2 14,0
6 347,7 48,7 14,0
7 346,4 48,5 14,0
8 350,8 49,4 14,1
9 348,2 49,2 14,1
10 349,4 49,3 14,1
11 349,0 49,0 14,0
12 347,0 47,7 13,7
13 347,0 48,8 14,1
14 350,6 49,0 14,0

Samtals 4878,9 684,8 14,0
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Tafla 6 — Hvelja i bitum, vigtun fyrir og eftir purrkun.
Hvelja skorin i bita Hvelja skotin i bita eftir

Bakki nr. fyrir purrkun [g] burrkun [g] burrefni [%]
1 175 21 12,0
2 175 22 12,6
Samtals 350 43 12,3

3.2.3 Efnamelingar
Syni voru send i efnamaelingu fyrir (Tafla 7 og Tafla 8) og eftir purrkun. Ahugavert er a8
sja mismunandi lit sem og efnasamsetningu hrogna. Sérstaklega hvad vidkemur fitu (Tafla

8). Fiturikustu hrognin (nr. 2 8 Mynd 9) voru med fjélublaan lit fyrir purrkun.

Tafla 7 — Efnasamsetning af haus og flaki fyrir purrkun.

Syni Vatn [%] Prétein [%] Fita [%] Aska [%] Salt [%]
Hraefni - haus 90,3% 6,6% 1,4% 1,7% 0,9%
Hraefni - flak 86,7% 5,6% 6,0% 1,2% 0,6%

Tafla 8 — Hrogn, efnasamsetning fyrir purrkun.

Syni Vatn [%] Prétein [%] Fita [%] Aska [%] Salt [%]
Hrogn 1 84,0% 8,1% 2,5% 1,1% 0,8%
Hrogn 2 82,4% 10,9% 5,5% 1,1% 0,8%
Hrogn 3 84,7% 8,4% 3,4% 1,1% 0,8%
Hrogn 4 83,9% 9,2% 2,7% 1,1% 0,8%

Til samanburdar voru porskflok og porskprétein sem voru einangrud med pH shift adferd
einnig purrkud og efnasamsetning peirra maeld (Tafla 9). Ad lokinni purrkun hefur hid haa

fitumagn i holdinu magnast upp og pvi ordid hatt i helmingur af pyngd synisins.

Ahugavert var ad skoda amindsyrusamsetningu hja hinum mismunandi synum. bar sem
grasleppusynin eru fiturik er magnid hér gefid upp baedi sem per 100g purrefni annars
vegar og 100g protein hins vegar. Til ad audvelda samanburd er magn amindsyru per 100
g proétein i porskflaki sett sem 100% og hin skodud midad vid pad (Tafla 10). bad sem pykir

ahugaverdast er med raudu i toflunni. Sja md ad hrogn eru rik af Cystein+Cystine.
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Grasleppuhaus med mikid af Glycini og ad haus og hrogn eru rik af Prolin. Ekki sist er

ahugavert er ad sja hvad magn af Taurin laekkar i einangrudum porskproteinum midad vid

borskflak.

Tafla 9 — Efnasamsetning frostpurrkud syni.
Proétein [%]

Syni

Grasleppuflok
Grasleppuhaus
Hrogn 1

Hrogn 2

Hrogn 3

Hrogn 4
borskflok

Einangrud prétein

Tafla 10 — Amindésyrusamsetning syna. (*Hlutfall m.v. ad borskflak sé = 1).
Magn
[g/100g burrefni]

Syni

borskflak
borskprotein
Grasleppuflok

Grasleppuhaus
Grasleppuhrogn

borskflak
bporskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprotein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
bporskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

Vatn
[%]
1,5
2,5
0,3
0,3
0,3
0,3

10,9

4

Amindsyra
Alanin
Alanin
Alanin

Alanin
Alanin

Arginin
Arginin
Arginin
Arginin
Arginin

Asparaginsaure
Asparaginsaure
Asparaginsaure
Asparaginsaure
Asparaginsaure

Cystein +Cystine
Cystein +Cystine
Cystein +Cystine
Cystein +Cystine
Cystein +Cystine

43,2
67,5
67,6
66,5
65,1
66,9
88
95,5

Fita
[%]
42,5
8,0
12,5
17,1
16,3
14,4

4,8
5,7
2,3
4,5
3,8

5,1
6,4
2,4
4,4
3,7

8,4
10,4
3,4
5,2
5,7

0,9
1,1
0,4
0,5
1,4

Aska
[%]
8,3
17,1
6,5
5,9
6,7
6,4
54
1,3

Magn

Salt
[%]
4,07
8,95
4,69
4,17
4,74
4,69
0,62
1,11

[g/100g prétein]

5,5
5,9
5,4
6,6
5,7

5,8
6,6
5,6
6,5
5,5

9,5
10,8
7,9
7,8
8,6

1,0
1,2
0,8
0,7
2,2

Saltlaus
aska [%]
5,2
10
4,9
4,7
4,9
4,9
0
0

Hlutfall*
[%]
100

96
106
122

98

100
102
106
114
90

100
101
90
82
84

100
98
87
72

193
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Syni

borskflak
borskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprotein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
bporskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprotein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprotein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
bporskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
bporskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

Amindsyra

Glutaminsaure (E620)
Glutaminsaure (E620)
Glutaminsaure (E620)
Glutaminsaure (E620)
Glutaminsaure (E620)

Glycin
Glycin
Glycin
Glycin
Glycin

Histidin
Histidin
Histidin
Histidin
Histidin

Isoleucin
Isoleucin
Isoleucin
Isoleucin
Isoleucin

Leucin
Leucin
Leucin
Leucin
Leucin

Lysin
Lysin
Lysin
Lysin
Lysin

Methionin
Methionin
Methionin
Methionin
Methionin

Ornithin
Ornithin
Ornithin
Ornithin
Ornithin

Magn
[g/100g purrefni]
11,9
15,3
4,9
7,3
7,6

3,6
3,6
3,2
8,7
2,2

1,7
2,1
0,7
1,1
1,8

3,6
4,5
1,4
1,8
3,3

6,5
8,2
2,6
3,5
5,9

7,7
9,6
2,7
3,7
4,6

2,6
3,3
0,9
1,3
1,6

<0.01
<0.01
<0.01
<0.01
<0.01

Magn
[g/100g proétein]
13,5
15,9
11,4
10,8
11,4

4,1
3,7
7,3
12,8
3,2

1,9
2,2
1,7
1,6
2,8

4,0
4,7
3,3
2,7
5,0

7,4
8,5
6,1
5,2
8,8

8,8
9,9
6,3
5,4
6,9

3,0
3,4
2,2
2,0
2,4

Hlutfall*
[%]
100
105
91
81
79

100
81
193
314
73

100
100
95
84
133

100
104
88
67
116

100
103
90
71
112

100
101
79
63
74

100
103
80
66
75
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Syni

porskflak

bporskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprotein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprotein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
bporskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprotein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
borskprotein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

borskflak
bporskprétein
Grasleppuflok
Grasleppuhaus
Grasleppuhrogn

Amindsyra

Phenylalanin

Phenylalanin
Phenylalanin
Phenylalanin
Phenylalanin

Prolin
Prolin
Prolin
Prolin
Prolin

Serin
Serin
Serin
Serin
Serin

Taurin
Taurin
Taurin
Taurin
Taurin

Threonin
Threonin
Threonin
Threonin
Threonin

Tryptophan
Tryptophan
Tryptophan
Tryptophan
Tryptophan

Tyrosin
Tyrosin
Tyrosin
Tyrosin
Tyrosin

Valin
Valin
Valin
Valin
Valin

Magn
[g/100g purrefni]
3,2
3,7
1,3
2,0
2,6

2,9
3,5
1,9
4,7
3,4

3,6
4,4
1,8
3,7
43

0,7
0,2
0,8
1,0
0,6

3,6
4,6
1,6
2,5
3,5

0,9
1,2
0,4
0,4
0,8

3,0
3,9
1,0
1,0
2,7

3,9
4,8
1,7
2,5
3,9

Magn
[g/100g prétein]
3,7
3,8
3,1
3,0
3,8

3,3
3,6
4,4
6,9
5,2

4,1
4,6
4,2
5,5
6,5

0,7
0,2
1,9
1,5
0,9

4,1
4,8
3,7
3,7
5,2

1,1
1,2
0,8
0,6
1,3

3,4
4,0
2,3
1,5
4,0

4,4
5,0
3,9
3,7
5,9

Hlutfall*
[%]
100

94
91
82
98

100
99
146
214
149

100
100
110
135
148

100
27
277
201
113

100
103
97
91
119

100
101
84
55
112

100
106
75
45
111

100
101
96
85
125
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3.2.4 Vinnslueiginleikar

Vatnsheldni (Water holding capacity)

Grasleppuflok syndu betri vatnsbindieiginleika en purrkud porskflok, pé var munurinn
ekki mikill (Mynd 19). Er pad sérstaklega ahugavert i ljési hins hda fituinnihald
grasleppunnar. Best vatnsheldni reyndist vera i synum ar grasleppuhaus. Ekki ma
gleymast ad saltinnihald syna var einnig mismunandi og par innihélt grasleppuhausinn
haest saltmagn. Pad hefur einnig veruleg ahrif. bar sem ekki tékst ad einangra préteinin
eins og upphaflega stdd til er pd erfitt ad greina hvad hefur hér mest ahrif. Eiginleikar

proteina eda onnur innihaldsefni.

100
95

90

85
80
7
“u |
65

WHC [%]

vl

o

k
4

1. 0- dblandad
7.0-06blandad b
3. borskflok

6

5. Grasleppufl
6. Grasleppuhaus

2. Prétein isolate -Grindavi 19/9
4., Grasleppuhrogn, mix 1

Mynd 19 - Vatnsheldni purrkadra grasleppuprétein og porskproteina.
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Oliubinding (OBC)
Oliubinding var reiknud ut baedi ber gramm syni og 4 hvert gramm proteins i syni. Sem

adur kemur hausinn mjog vel ut (Tafla 11).

Tafla 11 — Oliubinding syna og proteina.

Syni OBC OBC
[g olia /g syni] [g olia /g prétein]
Grasleppuflok 2,1+0,1 49+0,1
Grasleppuhaus 54+0,5 8,0+0,7
Hrogn 3,0£0,0 4,5+0,0
borskflak 3,440,1 3,5+0,1
borskprotein 2,9+0,1 3,3+0,1
Yruhzefni (EC)

Yruhaefni syna reyndist vera mikill — svo mikill ad hann sprengi skala pess taekjabtinad sem
var notadur til ad maela eiginleika proteinanna og fékkst pvi ekki it maelanlegt gildi. bvi
midur reyndist ekki haegt ad fa annan taekjabunad (smaerri yrunarbunad) en

nidurstodurnar benda til mikillar yruhaefni grasleppuproéteina.

Yrustédugleiki (ES)

Vel gekk ad meela yrustédugleika. Syni skiptust i tvo hdpa. borskproteinmassi myndadi
ekki yru og skildi sig strax en porskflak, haus, hold og hrogn hoéfédu svo mikinn
yrustodugleika ad eftir 15 minatur hofdu syni ekki skilid sig og yrustodugleiki pvi 100%.

Jafnvel b6 syni veeru latin standa upp i klukkustund héféu pau ekki skilid sig.

Leysanleiki
Syni reyndust ekki hafa mikinn leysanleika i vatni enda er syrustig pess naleegt sama
syrustigi og er nattlurulega til stadar i vefjum. Hrognin syndu hins vegar pé nokkurn

leysanleika (Tafla 12).
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Tafla 12 — Vatnsleysanleiki proteina.

Syni Duft Vatn Prétein Protein  Préteini  Proéteinleysan-
[g] [g] [%] [g/100g] lausn [%] leiki [%]
Grasleppuflok 2,03 190 43,2 0,45 0,1 22
Grasleppuhaus 2,12 198 67,5 1,43 0,2 28
Hrogn 2,01 190 66,9 1,34 0,5 71
borskflak 2,04 190 88,0 1,80 0,3 32
borskprotein 2,01 190 95,5 1,92 0,1 10

3.3 Alyktanir 4 eiginleikum purrkadrar grasleppu

Nidurstodur benda til ad grasleppupradtein hafi géda vinnslueiginleika — medal annars med
gdda vatnsbindieiginleika — sem aftur skapadi vandamali i verkefninu par sem ekki tokst
ad einangra protein fra 6drum hlutum fisksins. Par gaeti hin mikla oliubinding einnig haft
ahrif. Hin purrkudu syni voru hins vegar ekki med géda skynmatseiginleika, voru badi

dokk a lit og med sterka lykt.
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4 Vatnsrofin grasleppuproétein

Innan verkefnisins voru gerdar nokkrar tilraunir vid ad vatnsrjufa grasleppuprotein og
lifvirknieiginleikar peirra kannadir. Su stadreynd ad illa gekk ad einangra protein ur
mismunandi hlutum gerdi vinnuna erfida. Ytarlegar skyrslur voru gerdar um tveer af
bessum tilraunum og ma finna paer i vidauka. Hér a eftir ad greint fra helstu nidurstodum

i hverri tilraun. Vardandi framkvaemd og maeliadferdir er visad i skyrslur i vidaukum 11&III.

4.1 Beint vatnsrof

par sem ekki tokst ad fella prétein Ut i nsegjanlegu magni til ad nyta i surimi (verkpattur
2) eda purrka einangrud protein beint til ad nota i afurdir var vinna i verkpaetti 3 — bréun
burrkadra proéteinafurda einungis vatnsrof proteina med ensimum. Profad var ad
vatnsrjufa beint hausa og flappa/punnildi ar grasleppu med Protamex fra Novozymes og
Protease M fra Amano. Hausarnir og flappar voru vid pH 7 og Protamex sem er virkt vid
bad syrustig var baett beint i lausnina. Aftur 8 méti purfti ad laekka syrustigid adur en ad
Protease M var beett i lausnina til ad virkni ensimsins vaeri sem mest eda nidur i um pH
5,5. Nanari verklysingu fyrir vatnsrof og meelingu a stigi vatnsrofs (Degree of hydrolysis)

ma sja i vidauka.

4.1.1 Efnasamsetning
Efnasamsetning synir ad hausar eru fiturikari en flappar, ad 6dru leiti var ekki mikill munur
a efnainnihaldi (Tafla 13). Hid hda proteinininihald i syni ur floppum vekur einnig athygli.

par virdist einhver maelivilla hafa ordid par sem samanlagt efnainnihald er éedlilega hatt.

Tafla 13 — Efnasamsetning vatnsrofinna grasleppuhluta.

Vatn Prétein Fita Aska Salt

[%] [%] [%] [%] [%]

Flappar + Protamex 3,3 97,1 0,31 9,4 7,6
Haus + Protamex 3,6 81,4 1,37 14,7 10,9
Haus + Protease M 4,0 85,7 2,13 9,5 6,7
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4.1.2 Lifvirkni

Andoxunareiginleikar syna voru meeldir in vitro (Tafla 14). Nidurstodur eru svipadar pvi
sem fengist hefur fyrir onnur fiskpréteinsyni brotin nidur med ensimum fyrir DPPH og
Jarnbindieiginleika (e. Metal chelating ability) en lakari fyrir ORAC og afoxunarhafni (e.

Reducing power).

Tafla 14 — Andoxunareiginleikar grasleppusyna.

Syni ORAC* DPPH Jarnbindi- Afoxunar-
[%0] eiginleikar [%6] heefni**
Flappar + Protamex 230+11 39,6+1,8 22,7+0,7 3,4+£0,0
Haus + Protamex 301+15 29,6+0,2 59,8+ 1,7 51+£0,0
Haus + Protease M 336+16 32,6+0,3 58,3+0,2 49+0,1

*umol TE/g proétein)
** Ascorbic acid equivalent mg/g prétein

Einnig voru andoxunareiginleikar meeldir i frumumaddeli (Mynd 20). Malingar i
frumumddeli gefa frekari upplysingar um hvort efnin hafi andoxandi eiginleika i
likamanum. Pau gildi eru hins vegar haerri en vid hofum fengid fyrir dnnur nidurbrotin
fiskprotein, sérstaklega pau sem voru unnin Ur haus frosinnar grasleppu med Protamex
(syni 3 med 66% a Mynd 20). baer nidurstodur eru pvi verulega spennandi enda er petta

hraefni sem er ekkert nytt i dag.
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Andoxunarvirkni i frumum [%]

mZ2mg/mL ®m1mg/mL m0,5mg/mL

Mynd 20 — Andoxunarvirkni vatnsrofinna préteina ur grasleppu meelt i frumumadeli. 1:

Grasleppupunnildi + Protamex, 2: Grasleppuhaus + Protease M, 3: Grasleppuhaus +
Protamex.

Blédprystingsleekkandi eiginleikar voru meeldir sem hindrun & ,Angiotensin coverting
enzyme” (ACE) (Tafla 15). Frekar lag lifvirkni fékkst fyrir vatnsrofin haus og afskurd
(punnildi). bvi lzegra sem ICso gildi er pvi virkari er synid. Svipad og fyrir andoxun meelt i
frumumaédeli eru pad peptid unnin ur grasleppuhaus med Protamex sem syna mesta ACE

hindravirkni.

Tafla 15 — Bl6dprystingslaekkandi eiginleikar — ACE hindravirkni.

Syni ICso gildi £ stadalfravik
Grasleppupunnildi + Protamex 28,1 £ 0,2 mg/ml
Grasleppuhaus + Protease M 19,3 £ 0,3 mg/ml
Grésleppuhaus + Protamex 5,8 £ 0,3 mg/mi

4.1.3 Alyktanir ir maelingum 4 vatnsrofnum afskurdi og haus.
Ahugavert hvad syni ur haus koma betur Gt en syni Ur afskurdi. Frekari maelingar voru

gerda 4 hausum sbr. Vatnsrof med andoxunarefnum bls. 32.
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4.2 Einangrud protein vatnsrofin

Prétein sem voru einangrud ur grasleppuflokum sbr. kafla 2.2.3 bls. 11 voru vatnsrofin.

4.2.1 Einangrud protein vatnsrofin med Protamex eda Protease M.

Hraefni var gert ad einsleitri lausn med hakkara (Dynamic MF 2000), syrustig og hitastig
meelt og lausnin sett i hitaskap (43°C). Eftir ad lausnin hafdi nad réttu hitastigi (40°C) var
ensim (Protamex eda Protease M “Amino”) sett Ut i lausnina. Eftir 120 minatur voru
ensimin afvirkjud med hitun i 90°C i 30 minutur, sidan var lausnin sett a is og kaeld nidur.
Loks var lausnin skilvindud og leysanlegi hlutinn frystur og frostpurrkadur. Einangrun
protein voru fryst vid syrustigid 5,5 og var pvi ekki breytt 4dur en ad Protease M var beett
i lausnina (virkni Protease M er mest vid pH 5,5 og hitatigid 45-55°C (Protease M
“Amino”)) en hinsvegar var syrustig haekkad adur en ad Protamex er baett i lausnina. Sjd

einnig verklysingu i vidauka.

4.2.2 Lifvirkni vatnsrofinna einangradra proéteina.

Stig vatnsrof var mun haerra pegar unnid var med Protease M midad vid Protamex (Tafla
16). Virkni Protease M er yfirleitt haerri en pessi mikli munur er meiri en gert var rad fyrir.
Lifvirkni er hér haerri en pegar unnid var med prétein sem ekki hofdu verid einangrud fyrir
vatnsrof Ur haus og afskurdi. Pvi midur voru heimtur Ur einangrun ekki naegjalegar til ad
vinna afram med pessi syni. Sérstaklega er dahugavert ad sja hina hau ORAC virkni syna
unnin med Protease M sem eru med pvi haerra sem hefur sést fyrir fiskprotein. Badi fyrir
ORAC og Jarnbindieiginleika sést ad hié haerra stig vatnsrof (smeerri peptid) skilar sér i
haerri lifvirkni.

Tafla 16 — Prdésentustig vatnsrofs (degree of hydrolysis, DH [%]) fyrir einangrud

grasleppu prétein (Grasl. PI) unnin med Protamex og Protease M. og
andoxunareiginleikar peirra.

, . DH DPPH Jarnbindi- ACE ICso
RAC* .
Syni e  ORAC [%] eiginleikar [%] [mg/ml]
PI + Protamex 6,7%  399+4  543+16 33,107 36+0,5
Pl + Protease M 25,1% 505+ 12 55,3+1,3 58,6 £0,5 3,8+0,2

*umol TE/g prétein
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4.2.3 Alyktanir tir malingum 4 vatnsrofnum einangrudum préteinum.
Lifvirkni syna unnin Ur einangrudum préteinum var med agaetum. Pvi midur er ekki stefnt
a frekari maelingum og prdoun 4 pessum syni vegna pess hversu lagar heimtur voru ar

einangrun.

4.3 Vatnsrof med andoxunarefnum

Vid vatnsrof er haetta 4 oxun sem getur haft ahrif a eiginleika peptida — baedi jdkvaeda
eiginleika svo sem lifvirkni en einnig neikvaed & neyslueiginleika peirra. Akvedid var ad
profa ad vatnsrjufa grasleppuhausa med ibsettum andoxunarefnum og kanna hvada ahrif
bad hefdi a mismunandi eiginleika. Grasleppuhausarnir voru valdir pvi peir syndu
ahugaverda lifvirkni i fyrrihlutum verkefnisins og par sem heimtur Ur préteineinangrun
var ekki naegjanleg til ad nyta afram. Einnig var dvedid ad nota ensimid Protease M fra
Amano sem er sur proéteasi. Eftirfarandi andoxunarefnin voru notud (skammstofun innan
sviga): kjarni ur bolupangi (Se-e), résmarin kjarni (Ro-e) og askorbinsyra eda C-vitamin
(Aa). Einnig var vidmidunarsyni an ibléndunar (Control). | vidauka Il er skyrslan ,Bioactive
fish protein hydrolysates from Lumpfish heads” par sem farid er nanar i framkvaemd og

niourstodur.

4.3.1 Nidurst6dur maelinga a vatnsrofnum hausum asamt andoxunarefnum

Stig vatnsrofs var um 18% og svipad fyrir 6ll syni (Tafla 17). Bélupangs- og résmarinkjarnar
drégu Ur pranun vid framleidslu @ medan C-vitamin virdist frekar hafa hvatt til oxunar
frekar en ad draga ur. Skynmat syndi ad vidbaetur a bdélupangskjarna drogu mest ur

braaeinkennum eins og hardfiskbragdi og lykt (Mynd 21).

Lifvirkni syna var einnig maeld. Reyndist andoxunarhaefni peirra vera svipud en syni med
bdolupangskjarna komu best Ut (Mynd 22 til Mynd 24). Einnig var heefni peptida til ad
hindra ensimid ACE kannad (Mynd 25). Vidmidunarsyni syndi enga hindrun en af hinum

var syni med bolupangskjarna virkast.
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Tafla 17 — Vatnsrofsstig (DH) og oxun vatnsrofinna grasleppupréteina Gr haus med og
an andoxunarefna.

Syni Stig vatnsrofs TBARS
[%] (nmol MDA/kg fita)
C-vitamin 18,4 14,1
Boélupang 16,0 8,4
Résmarin 18,4 6,6
Viomid 18,1 14,1
L-prai
60
B-harof. L-olia

50

B-sol L-gras
B-prai L-s6l
B-olia B-salt —®*
-8
—e—C

B-beiskt B-surt
D

Mynd 21 - Medaltol skynmatspatta fyrir hépa A: C-vitamin, B: Bélupangskjarni, C:
Rdésmarinkjarni og D: viomidunarsyni. B- => bragd, L- => lykt.
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Mynd 22 — ORAC gildi fyrir peptid unnin ur grasleppuhausum med AA: C-vitamin, Fv-e:
Bdlupangskjarni, Ro-e: Rdsmarinkjarni og Control: vidmidunarsyni. Ekki var marktaekur

munur a milli gilda med sama bodkstaf (p<0,05).
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Mynd 23 — Malmbindigeta peptida unnin Ur grasleppuhausum med AA: C-vitamin, Fv-e:
Bdlupangskjarni, Ro-e: Rdsmarinkjarni og Control: vidmidunarsyni. Ekki var marktakur

munur a milli gilda med sama bodkstaf (p<0,05).
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Mynd 24 — Andoxunarhafni peptida unnin ur grasleppuhausum med AA: C-vitamin, Fv-
e: Bolupangskjarni, Ro-e: Rdésmarinkjarni og Control: vidmidunarsyni. Ekki var
marktaekur munur & milli gilda med sama bodkstaf (p<0,05).
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Mynd 25 — ACE hindravirkni peptida unnin Ur grasleppuhausum med AA: C-vitamin, Fv-
e: Bolupangskjarni, Ro-e: Résmarinkjarni og Control: vidmidunarsyni (engin virkni).
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4.4 Frostpurrkuo grasleppa vatnsrofin

Frostpurrkud prétein ur grasleppu reyndust vera fiturik eins og adur hefur komid fram.
Akvedid var ad kanna eiginleika peptida unnin Ur frostpurrkudu hraefni, hver lifvirkni
beirra vaeri og hvort haegt veeri ad laekka fitumagn vid vinnsluna. burrkud flok, hausar og
hrogn voru notud sem hrdefni og vatnsrofin med tveimur ensimum Protamex fra
Novozymes og Proesease M fra Amano. Protease M var notadur vid tvd mismunandi
syrustig, annars vega Obreitt syrustig sem var um pH 6,3 og hins vegar vid pH 5,5.

Adferdafreedi eins og 4dur hefur verid lyst.

4.4.1 Nidurstoour

Laegst stig vatnsrofs fékst fyrir syni med Protamex midad vid Protease M eins og buist var
vid par sem virkni protamex er laegra i hverju grammi (Tafla 18). Ahuga vekur munur &
stigi vatnsrof fyrir hrogn med Protease M vid mismunandi syrustig. Virkni ensimsins er
meiri vid pH um 5,5 heldur en 6,3 en afhverju pessi munur kemur sérstaklega fram fyrir

hrogn en ekki 6nnur syni er ekki ljost.

Tafla 18 — Samanburdur a vatnsrofshlutfalli grasleppuhluta asamt pH gildi og hitastig
syna fyrir og eftir hydrélysu PEX: Protamex, PRM: Protease M

Syni pH pH Hitastig Hitastig DH

fyrir eftir fyrir [°C] eftir [°C] [%]
FIok — PEX 6,34 5,89 33,9 38,3 10,3
FIok — PRM 6,32 5,91 33,5 37,3 21,2
FIok — PRM pH 5.5 5,53 5,47 35,2 39,2 17,2
Hausar — PEX 6,64 6,40 33,7 36,4 10,7
Hausar — PRM 6,65 6,38 334 35,6 17,2
Hausar — PRM pH 5.5 5,49 5,72 33,1 38,2 17,8
Hrogn — PEX 6,15 6,08 33,3 35,5 4,3
Hrogn - PRM 6,16 6,07 33,0 35,5 8,7
Hrogn — PRM pH 5.5 5,47 5,49 33,4 38,2 16,8
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Efnameaelingar

Vel gekk ad minnka fituinnihald syna med vatnsrofi og skilvindun fyrir purrkun (Tafla 19).
Hér er komin moguleg gdd leid til ad baeta eiginleika duftsins. Ekki var naegnalegt hraefni
tii a0 meela heildarefnasamsetningu fyrir hrogn-syni ad loknu vatnsrofi. begar
proteininnihald synanna er skodud (Tafla 19) vekur préteininnihald hrognsyna furdéu par
sem proteininnihald laekkar eftir vatnsrof 6likt hinum synunum. bar sem ekki var
ngaejanlegt magn af hraefni til ad maela alla efnasamsetningu er ekki ljést hvad veldur. Eitt
syni var til i neegjanlegu magni til ad maela frekari efnasamsetningu (Hrogn — PM pH 5,5).
par kom i ljos haerra saltmagn en i 66rum synum. Naudsynlegt er pvi ad taka nidurstédum

a hrognum med vissum fyrirvara.

Tafla 19 — Efnasamsetning syna fyrir og eftir vatnsrof. PEX: Protamex, PRM: Protease M

Syni Vatn [%] Protein [%] Fita [%] Salt [%]
Grasleppuflok - duft 1,5 43,2 42,5 4,1
Flak - PEX 7,8 70,2 4,5 11,3
Flak - PM 9,1 68,1 6,7 10,5
Flak - PM pH 5,5 7,6 69,4 2,2 11,4
Grasleppuhaus - Duft 2,5 67,5 8,0 9,0
Hausar - PEX 7,6 74,2 0,5 13,4
Hausar - PM 7,8 73,8 4,7 13,7
Hausar - PM pH 5,5 51 71,7 5,4 13,7
Hrogn - duft 0,3 66,5 15,1 4,6
Hrogn - PEX - 48,4 - -
Hrogn - PM - 42,1 - -
Hrogn - PM pH 5,5 - 57,4 2,3 17,2
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Lifvirkni
Tafla 20 - Tafla 22 syna nidurstodur lifvirknimeelinga. Adferdafraedi og hragogn ma sja i
Vidauka lll. Einstaklega er ahugavert ad sja hversu haa andoxunarvirkni malt sem ORAC

faest Ur vatnsrofnum hrognum.

Tafla 20 - Lifvirkni peptida unnum ur frostpurrkudum grasleppuflékum og hausum. PEX:
Protamex, PRM: Protease M

Syni ORAC Afoxunarhafni

[TE/g proétein] [,,Ascorbic acid equivalent mg/g protein“]

FI6k — PEX 378 20,8
FIok — PRM 379 23,6
FIok — PRM-5,5 373 26,5
Hausar — PEX 211 13,6
Hausar — PRM 269 14,0
Hausar — PRM -5,5 324 16,9
Hrogn — PEX 491 22,5
Hrogn - PRM 518 42,6
Hrogn — PRM -5,5 603 19,8

Jarnbindigeta var maeld vid mishaan styrk. Hér faest mest virkni fyrir hrognin eins og fyrir

ORAC og afoxunarheefni i sidust toflu.

Tafla 21 - Jarnbindigeta peptida unnum ur frostpurrkudum grasleppuflokum og
hausum. PEX: Protamex, PRM: Protease M

Syni 1 mg/ml 5 mg/ml 10 mg/ml
FIok — PEX 24,6 37,8
FIok — PRM 24,2 41,8
FIok — PRM - 5,5 21,6 45,1
Hausar — PEX 24,0 34,7
Hausar — PRM 26,7 32,9
Hausar - PRM - 5,5 18,3 25,1
Hrogn — PEX 83,0 97,7

Hrogn - PRM 93,0 98,2

Hrogn — PRM -5,5 70,3 97,6
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Andoxunarhafni maeld sem DPPH reyndist hins vegar vera einna laegst i hrognum —
svipadar nidurstodur hafa komid fram fyrir 6nnur syni — 6nnur efnabygging skilar haum
gildum par. Einnig parf ad hafa i huga ad hér eru syni leyst upp i etandli en vié adrar

lifvirknimaelingar er notast vid vatnslausnir.

Tafla 22 — DPPH peptida unnum ur frostpburrkudum grasleppuflokum og hausum. PEX:
Protamex, PM: Protease M

Hraefni Ensim 10 mg/mL 5 mg/mL 1 mg/mL
Flak Pex 97,7 97,1 61,4
Flak PM 98,5 97,8 69,5
Flak PM 5,5 97,8 98,4 60,9
Hausar Pex 95,7 88,7 33,6
Hausar PM 96,2 90,8 36,1
Hausar PM5,5 97,7 75,0 28,3
Hrogn PEX 90,4 63,5 28,8
Hrogn PM 97,4 74,2 27,9
Hrogn PM 5,5 94,9 64,5 26,6

4.4.2 Alyktarnir - vatnsrof 4 purrkudum synum
Vid vinnu dr frostpurrkudum synum var notast vid skilvindun og pess geett ad fjarlaegja

eins mikid og haegt var af fitufasa. Gekk pad ageetlega.

Einnig var dhugavert hvad hrogn syndu mikla lifvirkni. Pad var ekki eitt af markmidum
verkefnisins ad kanna hrogn & pennan hatt, par sem yfirleitt hafa hrogn verid
verdmeetasta afurd grasleppuveida. Verd @ morkudum hafa po leekkad a sidustu arum og
var akvedid ad kanna hér i lokahluta verkefnisins hvernig pad reyndist. Er hér kominn
moguleiki til ad nyta hrogn & nyjan mata og ekki sidar er hsegt ad benda a pessar

nidurstodur pegar raett er um hollustu grasleppuhrogna.
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4.5 Greiningar a peptioum

[ pessu hluta verkefnisins var kannad hvort haegt veeri ad hafa ahrif & lifvirkni og sterd
peptida med pvi ad nota prji mismunandi ensim og mislangan tima. Ekki sist var
tilgangurinn ad setja upp adferd til geta greint staerd peptidanna en eitt af vandamalum
vid markadssetningu @ vorum med smaum peptidum er ad geta greint staerd peirra, en
hefdbundinn rafdrattur nzer ekki ad maela svo sma peptid eins og pau sem vid erum ad

vinna hér med. i vidauka Il ma sja itarlega skyrslu um pennan patt verkefnisins.

4.5.1 Lifvirkni

Prju mismunandi ensim voru notud (Tafla 23): Protamex fra Novozymes, Protease M sem
er sur proteasi fra Amano og Protease P einnig fra Amano. Ensim voru latin vinna i
mislangan tima og ein eda tvd saman. Lengri timi gefur haerra stig vatnsrofs, sérstaklega
faest mikil munur @ milli 1 og 3 kist en minna baetist vid pegar vatnsrof er haft i 12 klist.
Fyrir lifvirknieiginleikana MC og ORAC faest haerri lifvirkni med haerra stigi vatnsrofs en
ofugt samhengi feest vid DPPH. Fyrri rannsdknir hafa synt sama ,tendens”. Nidurstodur
fyrir CAA og ACE hindrun eru ekki naegjanlega margar til ad skoda samhengi milli

vatnsrofsstigs og lifvirkni.

4.5.2 Staerodargreining peptidoa

Tveer mismunandi adferdir voru notadar til ad meela staerd grasleppu-peptida: ,Fast
Protein Liquid Chromatography” (FPLC) og ,Reversed Phase - High Performance Liquid
Chromatography“ (RP-HPLC). FPLC gefur ,gréfari“ greiningu par sem staerstu
sameindirnar koma fyrst — fara fljétast i gegnum sdlurnar 8 medan smeaerri sameindir koma

sidastar — eru lengur ad komast i gegnum suluna.

Mynd 26 synir deemi um keyrslu par sem notad var ensimid Protamex i 1, 3 og 12 kist.
Lengri timi skilar smaerri peptidum — saman ber hvad toppur eftir 3 klst er haekkar fra 1

upp i 3 kist eftir 28 ml. Hins vegar kemur 4 dvart ad hann minnkar aftur eftir 12 kist.
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Takmarkanir vid ad nota FPLC vid greiningu & staerd er hér greinanleg — til ad atta sig betur
a steerdinni parf helst ad notast vid MS/MS taekni sem Matis hefur pvi midur ekki yfir ad
rada. Mynd 27 synir greinilega ad eftir 3 kist er Protamex buid ad brjéta protein minna

nidur heldur en Protease M og P samanber pegar stig vatnsrofs var maelt (Tafla 23).

Tafla 23 - Vatnsrofsstig (DH) og lifvirknieiginleikar* nokkurra vatnsrofinna
grasleppupréteina. Raud tala er haesta gildi fyrir viokomandi dalk og bla leegsta.

DH MC DPPH ORAC CAA ACE

Ensim % %]  [%] gildi [%] [ICso]
Protease M i 1klist 16,8 36,7 51,8 362,0 30 7,6
Protease P i 1 kist 23,0 42,8 50,2 464,7

Protamex i 1 klst 14,7 35,7 52,6 369,1

Protease M i 3 kist 34,0 24,7 38,4 476,7 47 4,0
Protease P i 3 kist 39,7 32,1 46,7 561,7 31 2,5
Protamex i 3 kist 20,7 @ 27,7 46,3 429,0

Protease M i 12 kist 48,4 63,6 31,2 527,3 59 4,2
Protease P 12 kist 46,4 88,4 31,9 453,9

Protamex 12 kist 31,9 28,9 33,8 435,4

Protease M+ProteasePi2kist 36,9 33,8 37,2 474,6
Protease M+Protamexi2 kist 32,7 31,1 45,1 448,9

Protease P+Protamexi 12 kist 44,7 58,1 32,1 494,2

*MC = malbindieiginleikar (Metal chelating activity), DPPH (DPPH radical scavenging capacity), ORAC gildi
(Oxygen Radical Absorbance capacity), CAA (Cellular Antioxidant Activity), hindrun & ACE (Antiotensin-
converting enzyme inhibitory activity).

41



1900 -

1700 -

1500 - 1h

1300 - —3h

1100 - —12h
900 -

700 -

500 -

Gleypni vid 220 nm [mAU]

300 +

100 -

-100 ¢ 10 20 30 40 50

Flaedi [ml]

Mynd 26 - Vatnsrofin grasleppuprétein framleidd med Protamex i 1 (green lina), 3 (raud
lina) og 12 (svort lina) kist keyrd a FPLC taeki.
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Mynd 27 — Vatnsrofin grasleppuprétein framleidd med Protamex (Raud lina), Protease
P (graen lina) og Protease M (svort lina) keyrd a FPLC taeki.
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RP-HPLC taekid gefur finlegri toppa og adgreinir frekar & milli peirra mismunandi peptida
sem finna ma i synunum. Hér hefur hledsla einnig ahrif @ hvenaer sameindir koma af
sulunni en yfirleitt koma smaerri fyrr og steerri eru lengur ad fara i gegnum suluna en eins
og sja ma a Mynd 28 pa er samband par a milli ekki linulegt. Ef peptid er vatnsfzelid hefur
bad mikil ahrif & hvenaer pau koma af sulunni, jafnvel frekar heldur en steerd peirra. bvi er
ekki greinilegt hvernig mismunandi DH hefur ahrif & hvenzer toppar koma pegar
mismunandi syni voru keyrd & RP-HPLC taekinu samanber Mynd 29 og Mynd 30. bessa
taekni er pé gott ad nota pegar patta a syni nidur fyrir frekari greiningar, t.d. pegar syni

eru send til greininga i MS/MS taekjum erlendis en ad pvi er stefnt i framhaldi af pessu

verkefni.
Peptide Standards

800 45

200 238.2 Da 40
_ 600 ] 35
2
2 /
£ 500 30
£ 379.5Da /
=4
S 400 / 573.7Da 25 o
~ 555.6Da | 1046.2Da X
2 300 — 20
S 200 // 15
[}
9 100 // \ \ 10

O 2 1 A 1 1 T T T A R T T 5
0 10 20 30 40 50 60 70 80 90 100
-100 0
Bidtimi [min]

Mynd 28 — Peptid stadlar keyrdir i RP-HPLC. Eftirfarandi peptid voru notadir sem stadlar
238,2Da = Gly-Tyr; 379,5Da = Val-Tyr-Val, 555,6Da = Tyr-Gly-Gly-Phe-Leu, 573,7Da = Tyr-
Gly-Gly-Phe-Met, 1046,2Da = Asp-Arg-Val-Tyr-lle-His-Pro-Phe.
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Mynd 29 - Vatnsrofin grasleppuprotein framleidd med Protamex i 1 kist (green lina),
3 kist (raud lina) og 12 kist (svort lina) keyrd a RP-HPLC teeki.
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Mynd 30 - Vatnsrofin grasleppuprétein framleidd med Protamex (svort lina), Protease
P (raud lina) og Protease M (grzen lina) keyrd a RP-HPLC tzki.
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4.5.3 Alyktanir ur greiningum 4 peptidum
Mikilveeg pekking fékst & pattun og greiningu a peptidum ur pessum hluta verkefnisins

sem reynist mjog mikilveegt fyrir aframhaldandi vinnu.

5 Lokaoro

begar lagt var af stad med verkefnid var stefnt ad pvi ad einangra prétein Ut grasleppu
med pH shift adferd en pad hefur ekki verid gert 4dur svo vitad sé. Hin einangrudu prétein
atti ad nyta i margar gerdir af verdmaetum afurdum svo sem surimi og purrkud protein til
ad nyta sem ibléndunar og/eda faedubdtarefni. bvi midur tdkst ekki ad einangra proéteinin
og hin upphaflegu markmid verkefnisins nadust pvi ekki. Framtidin mun vonandi leida i

ljés hvernig er best ad einangra prétein Ur grasleppu, pé pad hafi ekki tekist hér.

i verkefninu var unnin mikil préunarvinna & svidi einangrunar peptida og préun a
lokaafurdum sem skiladi miklu magni af pekkingu og reynslu sem nytist afram baedi til ad

auka vid notkun 4 grasleppu sem og 66ru hraefni sem er ekki nytt i dag.

6 bakkir

AVS er pakkad fyrir studninginn, samstarfsfélki hja Matis og ekki sist skynmatshdpnum er

bokkud mikil vinna og prautsegja vid ad leysa verkefnid.
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Leysanleiki Biuret adferd

1. Biuret hvarflausn

Leyst er upp

1,50 g CuSO4*5H,0 og 6,0 g NaKC4H,04*4H,0 i 500 ml eimudu vatni
Baett er i med hraeringu

300 ml. 10% NaOH

bpynnt i 1 litra med eimudu vatni

2. Adferd
1) Flotid er pynnt med vatni, svo préteininnihald maelilausnar verdi & bilinu 2-10 mg. Unnid
er med tvisyni.
2) Logud eru eftirfarandi syni (prisyni af hverju tvisyni):

Blankur Syni Stadall
Vatn 0,6 ml -—- -—-
Préteinlausn -—- 0,6 ml -—-
BSA — Stadall -—- -—- 0,6 ml
Biuret-lausn 2,5 ml 2,5 ml 2,5 ml

3) Afstadlinu er 16gud tvo syni 4mg/ml og 6 mg/ml af BSA (sja stadalkarfu).

4) Synin eru logud i tilraunagl6s og blondud a Vortex.

5) Ppau eru latin standa i 35 min vid stofuhita og pa feerd yfir i 4 ml plastkdvettur.
6) Lesin er gleypni lausna vid 540 nm skv. leidbeiningu er fylgja maelitaeki.

7) Préteinstyrkur er fundinn Ut fra samanburdi vid stadalkurfu.

3. Utreikningar
Préteinstyrkur er lesinn af stadalkurfu.

4. Stadalkurfa
Logud er BSA- grunnlausn (Bovine Serum Albumin) er leyst 600 mg i 50 ml af vatni. Notud er 50
ml maeliflaska. Ur pessari lausn eru lagadar pynningar i tilraunaglés samkvaemt eftirfarandi toflu:

BSA [mg/ml] Grunnlausn [ml] Vatn [ml]
1 0,25 2,75
2 0,5 2,5
4 1 2
6 1,5 1,5
8 2 1
10 2,5 0,5

Sidan er haldid afram samkvaemt lid 2) og unnid er med a.m.k. prisyni.

5. Heimildir

Layne, E. 1957. Spectrophotometric and turbidimetric methods for measuring proteins. In:
Methods in Ensymology, Vol. 3 p. 450. Academic press, Inc., New York.

Torten, J. and Whitaker, J.R. 1964. Evaluation of the biuret and dye-binding methods for
protein determination in meats. J. Food Sci., 29, 168-174.



1)

2)

3)

4)

5)
6)

7)

8)
9)

Prdteineinangrun med pH shift adferd

Ef unnid er med frosid hraefni er byrjad & pvi daginn adur ad afpyda hann. p.e hann er
settur i nokkra tima vid herbergishita og geymdur sidan yfir nott i keeli. Daginn eftir er
hann tekinn Ut Ur keeli og afpyddur alveg, med pvi ad lata renna & hann vatn (passa ad fara
alls ekki yfir 10°C).

Ef fiskurinn er ferskur er fario beint i skref 2.

Hveljan, hausinn og spordurinn er fjarleegdur (best er ad fjarleegja pad & medan ad enn er
sma frost i fisknum).

V0Odvi, beingardur og mana vigtud (fyrir hokkun).

Fiskurinn (V6dvi, mana og beingardur) hakkadur. ATH. Passa ad taka syni fyrir
proteinmalingu (efnagreiningarmaelingu.) &dur en ad vatn er sett a
fiskhakkid.

Hakkid vigtad og 6 hlutum af vatni blandad vid hakkid (heildin eru pvi 7 hlutar).
Lausnin gerd einsleit (til ad fa hakkid enn smarra).

pH meelir stilltur med buffer 7 og 10 (pvi vid férum basa leidina, p.e stillum fyrst
syrustigid 4 um 11)

Syrustig lausnarinnar akvardad (p.e upphafssyrustigio)

2M NaOH vigtad (upphafs massi).

10) Syrustig haeekkad med NaOH i um 11 (passa ad fara alls ekki yfir 11,2).

11) 2M NaOH sett aftur & vigtina og massi pess sem for i lausn akvardadur

12) Sia (lausninni hellt i gegnum svartan gmmiduk a grind)

13) pH meelir stilltur med 7 og 4

14) Syrustig leekkad nidur i milli 5,509 5

15) Sia. 4 faldur klatur settur & sigti til ad sia vatnid fra préteinmassa.

16) Protein massi vigtad, 100 -150g sett i hvern poka, loftteemt, pakkad og fryst i -24°C.

17) Taka syni fyrir rafdratt, af hakki (adur en ad vatn er sett a pad), vatni (sem tekio er af

préteinmassa) og préteinmassa



Vatnsrof

Sample preparation
1) Turn on the water bath and adjust temperature setting to 40-43°C.

2) Fill some plastic bags with tap water and put it into the water bath.

3) Cut fish filets into hand-sized pieces and put them into a blender.

4) Mix the fish pieces for around 5 seconds.

5) Put the mince into a bucket and weight it out (pay attention to use net weight!)

6) Note the dry mass of the sample amount

7) Add 40-43°C preheated water to the fish mince

8) Note the weight of the mixture

9) Mix the solution on the ground with a hand-held blender until it’'s homogenize.

10) Calibrate the pH-electrode and note the accuracy of the pH-meter.

11) Adjust the pH of the mince with 2M HCl to wanted value by vigorously stirring the fish
mince with a big spoon.

12) Note the used acid/base quantity

13) Fill the ready fish sample into Erlenmeyer flask.

14) Note the weight of every filled Erlenmeyer flask.

15) Adjust water bath to 90°C for later enzyme inactivation

Enzyme hydrolysis
16) Adjust a temperature controlled shaker to 45°C and if necessary mount suitable flask

holder on the shaker plate. Consider the circumstances that all Erlenmeyer flasks have
the same starting temperature!

17) Put the samples into the shaker and let them swirl until right temperature is reached

18) Calculate the required amount of enzymes out of the protein:enzyme assuming the
protein content in the fish sample

19) Weight out the enzymes and note the used amount for each flask.

20) Measure the temperature and pH of each flask and note the values.

21) Change pH-value with 2M HCl or 2M NaOH (for more alkaline conditions) if needed in
regard to the wanted conditions.

22) Add the enzymes to the right flasks and let the enzymes work for x -hours (flexible
between experiments).

23) Stop the process after x-hours and take notice from pH and temperature



After hydrolysis
24) Put the fish hydrolysates into labeled plastic bags, close it twice for 2 seconds with a

heating rod and store it for 30 minutes in the 90°C preheated water bath (depends on
samples size).

25) Cool the samples down on ice and in the meantime prepare things for the centrifugation
step.

26) Fill the samples into flasks and measure the pH and temperature.

27) Take approximately 50ml of each sample for OPA analysis

28) Pour the samples into centrifugation tubes and balance two with each other (+0.05g).

29) Centrifuge the fish hydrolysates with 10,000rpm for 20min. Use for this step a fresh
cooled rotor!

30) Filter the samples after centrifugation through a cheese cloth and collect them in a flask.

31) Spread the filtrate evenly on labeled aluminum boxes and store them at -24°C before
freeze drying.



Degree of hydrolysis with OPA method

Chewlicals
OPA skv. Nielsen et al., 2001
Chemical IFL Number
di-Na-tetraborate decahydrate A1302
SDS (Na-Dodecyl-sulfate) G4205
OPA (o-phthaldialdehyde 97%) G3605F
Ethanol H1040
DTT (Dithiothreitol 99%) G1620R
Serine (Art. 7769 Merck) D2026/D2082F
APparatus

Erlenmeyer flasks: 100ml, 200 ml and 500 ml
Test tubes: 10 ml

A 4-decimal analytical balance

Pipettes: 400 ul, 3 mL and 4 mL

Magnetic stirrer

Whirl mixer

Spectrophotometer at 340 nm

Reagents

The OPA reagent was prepared as follows:

1. 7.620 g di-Na-tetraborate decahydrate and 200 mg SDS were dissolved in 150 ml
deionized water — use stirring and heating (approx. 30°C)

2. The reagents were completely dissolved before continuing

3. 160 mg OPA was dissolved in 4 mL ethanol

4. OPA solution was transferred quantitatively to the above mentioned solution by
rinsing with deionized water

5. 176 mg DTT was added to the solution by rinsing with deionized water

6. The solution was made up to 200 ml with deionized water

The serine standard was prepared as follows:
7. 50 mg serine was diluted in 500 ml deionized water (0.9516 meqv/L).

The sample solution was prepared as follows:
8. X gsample was dissolved in 100ml deionized water
9. Xis0.1to 1.0 g sample containing 8% to 80% protein
10. The DH of the sample also influences the amount required.



Procedure

1.

All spectrophotometer readings were performed at 340 nm using deionized water
as the control

Three ml OPA reagents were added to all test tubes

Test tubes used for analyzing 1 sample (double determinations were) Standard 4
tubes; Blank 4 tubes; Sample 4 tubes

As absorbance changes somewhat with time it is important the samples stand for
exactly the same time (2 min) before measuring.

The assay was carried out at room temperature.

Standard measuring

6.

10.
11.

400 pl serine standard was added to a test tube (time 0) containing 3 ml OPA
reagents and mixed for 6 s.

The mixture stood for exactly 2 min before being read at 340 nm in the
spectrophotometer.

Two standards were measured before the blanks along with sample values.

The last 2 standard were measured after having determined all blanks and sample
values.

The mean of these standards was used for calculations

The typical value of the standards was OD about 0.8.

Blank measuring

12.

Blanks were prepared from 400 pl deionized water and treated as described
above. The typical value of a blank was OD about 0.07.

Sample measuring

13.

Samples were prepared from 400 pl sample

Obs. If OD is higher that 1.0 — dilute the samples.

Caleulation
Determination of h

where

Serine-

ODsample - ODblank meqv 100

* 0.9516 * 0.1 * e * P

Serine- NH, =
erime 2 ODstandard - ODblank

NH,: meqv serine NH; / g protein

X: g sample
P:protein % in sample
0.1:Sample volume in liter (L)



h is then:

_ Serine-NH, — B
a meqv/g protein

Where o and 3 are shown in table 1 for specific raw materials

Table 1 —Value of constants o, B and hi: for different protein raw materials (Adler-Nissen
1986)

Protein a B htot
Soy 0.970 0.342 7.8
Gluten* 1.00 0.40 8.3
Casein 1.039 0.383 8.2
Whey* 1.00 0.40 8.8
Gelatin 0.796 0.457 11.1
Meat* 7.00 0.40 7.6
Fish* 1.00 0.40 8.6

*When raw material has not been examined, then o and 3 are estimated to be 1.00 and 0.40 respectively

Determination of DH

Where hiot for specific raw materials is found in table 1.

The method should be used with caution at low DH

Nielsen, P.M., Petersen, D. and Dambmann, C. (2001). Improved method for determining food protein
degree of hydrolysis. J. Food Sci. 66: 642-646
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1 Introduction

1.1 Lumpfish

Lumpfish (Cyclopterus lumpus) are distributed throughout the North Atlantic Ocean. They are
mostly underutilized apart from their spawns, which are used to make caviar. Therefore when
the spawns have been taken, the rest of the fish is mostly discarded (Freeman, Kasper and
Kristmundsson, 2013).

Not many researches have been performed regarding exploitation of Lumpfish. One research
on Lumpfish was performed in 1975 where they examined the content and the distribution of
lipids in lumpfish, and also the characteristics of the oil and meal by reduction, and the
possibility of glue production from the skin. But the results showed that it was impractical using

by-product from Lumpfish at that time (Paradis, Ackman, Hingley and Eaton, 1975).

Since then little has been done regarding research in finding a better use of this fish. Lumpfish
heads are currently underutilized material and that is why it would be interesting if there would
be a way to use it by adding value to it. Preliminary research, performed at Matis ohf. show that

hydrolysates from Lumpfish heads tend to have a great deal of bioactivity.

1.2 Natural Antioxidants

Oxidation takes place in every living organism that exploits oxygen from the environment.
Because of that the biological system has developed various amounts of antioxidants to protect

themselves against the oxidation process (Damodaran, Parkin and Fennema, 2008).

The oxidation process that occurs in food can be slowed down by using antioxidants. They also
slow down undesirable changes that can take place because of the oxidation, such as color
changes and browning, they can maintain the nutritional value of the food and they can also
prevent that bad taste and bad smell are formed in the food (Hudson, 1990).

Natural antioxidants are a more popular choice, when it comes to using antioxidants in food
then chemically made antioxidants. The reason is simply because it is what the consumers and
society prefer and want, and that is why use of chemically made antioxidants is generally
decreasing in the world. Natural antioxidants are considered to be safe even though they have
not yet been fully investigated (Frankel, 2007). Researches have also proven that synthetic
antioxidants can have harmful effects on consumers’ health (Augustyniak, Bartosz, Cipak and



others, 2010). Ascorbic acid, rosemary extract and seaweed extract are an example of highly

effective natural antioxidants.

1.2.1 Ascorbic acid

Ascorbic acid is a secondary antioxidant, it is water-soluble and it has multiple functions where
it can work as a reducing agent. That means it can slow down the oxidation rate by maintaining
metal ions in its higher oxidation state.

It can also work as a metal chelator, meaning that the antioxidant forms a complex with the
metal, so it basically cannot do anything or have any effects.

Ascorbic acid can also have pro-oxidant activity. It tends to be rather difficult to predict exact
function of it as an antioxidant, but that is because it can show different effects in the same food
or biological system. These effects are dependent on what methods and even conditions are

used for activity testing (Frankel, 2007).

1.2.2 Rosemary extract

Among herbs, Rosemary is well known for its high antioxidant activity. The extract of it is used
in foods because of these strong antioxidant properties, which are related to the phenolic
structure, but those phenols have a radical scavenging ability.

Phenolic deterpenes are a primary antioxidant and are commonly found in plants, where they
for example function as hormones.

The antioxidant activity is due to Carnosic acid and Carnasol as main components and to
Rosemarinic acid as a minor component (Schwarz, 2002; Frankel, 2007).

Antioxidant activity of rosemary in vitro is considered to be due to its reducing agent ability
and also as a radical scavenger, which prevents the formation of a singlet oxygen and

combination to pro-oxidant metal ions (Santos, Shetty and Miglioranza, 2014)

1.2.3 Seaweed extract

In this research the seaweed extract was made with water extraction from the Icelandic brown
algae, Fucus vesiculosus, which is a brown algae species located in Iceland, and is considered
to be a highly effective antioxidant (Wang, Jonsdottir, Liu, Gu, Kristinsson, Raghavan and
Olafsdottir, 2012).



Seaweed extract has so called polyphenolic compounds. They consist of a hydroxyl group, and
they can donate hydrogen to form a stable phenoxy radical. The antioxidant activity has also
been linked with reducing power (Frankel, 2007; Halldérsdottir, 2013).

Polyphenols found in algae are a good example of highly effective natural antioxidant,
especially phlorotannins which can be found in brown seaweed. It can have up to 8 aromatic
rings that are interconnected, which explains why seaweed extract is such an excellent
antioxidant (Halldorsdéttir, 2013).

1.3 Fish protein hydrolysates (FPH)

Oxidation can be a problem during enzymatic hydrolysis and antioxidant strategies can enhance
the quality of fish protein hydrolysates.

Fish protein hydrolysates can be defined as proteins that have been broken down into peptides
of various sizes. This can be achieved either with chemical methods where the peptide bonds
are broken with either acid, base or with a biological process where enzymes are used to
hydrolyze peptide bonds. These peptides that are formed have different physiochemical
properties and functional properties then the original protein. The use of enzymes to hydrolyze
food proteins triggers an important process to improve or change this physiochemical-,
functional- and sensory properties of the original protein (Kristinsson and Rasco, 2000). When
using enzymes to hydrolysates fish proteins the conditions are milder, it is easier to control
them and it is more environmentally friendly as compared to chemical methods (Halldorsdéttir,
2013).

The functional properties of FPH can be improved by using special enzymes and make sure to
choose the right conditions regarding that specific enzyme, such as time, pH and temperature
(Liceaga-Gesualdo and Li-Chan, 1999).

Peptides from FPH commonly possess various functional properties such as ACE (angiotensin
converting enzyme) inhibitor effects, antimicrobial effects and antioxidant properties

(Vercruysse, Van Camp and Amagghie, 2005).

1.4 Bioactivity analysis

Antioxidant properties of FPH can be measured with many types of tests, which can be divided

into in vivo measurements and in vitro measurements. In vitro measurements are for example



DPPH (2,2-diphenyl-1-picrylhydrazyl), ORAC (oxygen radical absorbance capacity), ACE
inhibitor analysis, reducing power and metal chelating ability, and are commonly used when
measuring antioxidant properties of hydrolyzed peptides (Vermeirssen, Van Camp and
Vestraete, 2004).

DPPH measures the ability of a sample to inhibit DPPH radicals, to evaluate its antioxidant
ability. DPPH is a stable radical with a purple solution which turns yellow if there is an
antioxidant present in the sample. Measurements start as soon as the sample is mixed with the
solution, and they are repeated over period of time to see how long it takes the sample to
deactivate certain amount of DPPH in the solution, that is, how powerful the sample is as an
antioxidant. The test is widely used because of how easy it is to perform (Deng, Cheng and
Yang, 2011; Kumar, Ganesan and Rao, 2008).

ORAC analysis measures the ability of a sample to absorb oxygen and calculates antioxidant
activity according to a standard, which in most cases is Trolox. Measurements are performed
while the oxidation reaction takes place but the reaction is measured with fluorescent. The
radical who has these effects on the sample is called peroxy radical, and because of these effects
the oxidation takes place (Price, Sanny and Shevlin, 2006).

Reducing power indicates the ability of a sample to reduce charge by donating an electron and
by doing so it prevents oxidation (Frankel, 2007). Measurements are done in a
spectrophotometer where the sample is compared to standards (Yang, Guo and Yuan, 2008).
The metal chelating ability measures the ability of a sample to form a soluble complex with
metal ions that induce oxidation, thereby disabling them (Frankel, 2007). The measurements
are carried out in a spectrophotometer and percentage of chelating effects calculated (Gulcin,
Buyukokuroglu and Kufrevioglu, 2003).

ACE inhibitor analysis measures the ability of peptides in a sample to inhibit the activity of
ACE. This enzyme converts angiotensin | into angiotensin Il, which causes the vessel wall to
get tighter and so the blood pressure increases. ACE inhibitors prevent that angiotensin |
converts into angiotensin Il, keeping the blood pressure low (Camp, Smagghe and Vercruysse,
2005; Widmaier, Strang and Raff, 2008).

1.5 Rancidity analysis

There are many types of methods to measure lipid oxidation in food. They can be divided into
two groups, one that measures primary oxidative changes and then one group that determines

secondary changes that occurs in a system (Akoh and Min, 2002).
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Peroxide value (PV) indicates the primary oxidative changes in lipid oxidation. It represents
the total hydroperoxide content in the sample and it is one of the most common quality
indicators of fats and oils during storage and production.

Thiobarbituric acid reactive substances (TBARS) measures secondary oxidative changes in
lipid oxidation. It is the most widely used method to detect oxidative deterioration in food that
contains fat (Shahidi and Zhong, 2005).

1.6 Objectives

The objectives of this research was to add value to a underutilized product, by producing
bioactive compounds from minced Lumpfish heads, and evaluate if different antioxidants had
any effects. Three different antioxidants were used in the process; ascorbic acid, rosemary

extract and seaweed extract.



2 Materials and methods

2.1 Chemicals

Borax (di-Na-tetraborate decahydrate) and the antioxidant Acidum Ascorbicum, were bought
from Norsk medicinal depot in Oslo, Norway. The seaweed extract (Fucus vesiculosus extract)
was made in Matis Reykjavik in Iceland and the rosemary extract was purchased from Optimal
& Islandi ehf. in Grindavik, lceland. The enzyme Protease M was purchased from Amano
Enzymes in Nogoya, Japan. SDS (Na-Dodecyl-sulfate), OPA (o-phthaldialdehyde), DTT
(Dithiothreitol), L-Serine, BHT (butylated hydroxytoluene), sodium chloride solution,
ammonium thiocyanate, chloride solution, TCA (Trichloroacetic acid), Propyl gallate, EDTA
(Ethylenediaminetetraacetic acid) and Thiobarbituric acid were all purchased from Sigma
Aldrich in St. Louise, USA. Spiritus fortis Ethanolum (96 %) was purchased from Gamla
Apotekid in Reykjavik, Iceland.

2.2 Enzyme hydrolysates

To start with a hot water bath (Julabor 33, T-243) was prepared by heating it up to 40°C, where
4 L of tap water were heated. The next step was to collect a sample for rancidity measurements
of the minced lumpfish heads. Then 2.7 kg of minced Lumpfish heads and 3.3 kg of hot water
were mixed together and homogenized (Dynamic homogenizer) for approximately 2 minutes.
The hot water bath was then set to 90°C. When the homogenization had taken place the pH was
adjusted to 4.5, which is the optimal conditions of the enzyme, with 5 mL of NaCl and 65 mL
of 2.0 M HCI. When the pH had been adjusted samples were collected for rancidity
measurements and also chemical analysis.

Then the homogenized solution was divided into 4 equal parts where approximately 1500 mL
were put into 4 Erlenmeyer flasks. Antioxidants were then added to the solutions where 0.5 g
of Acidum Ascorbicum were measured and mixed with the solution in the first Erlenmeyer
flaks. Then 0.5 g of seaweed extract was put in the second flask, and 0.5 g of rosemary extract
was added to the third solution. The fourth solution contained no antioxidant. When the
antioxidants had been thoroughly mixed together with the solutions, 1.0 g of the enzyme
Protease M was added and mixed to all four solutions, and they put in an incubator where the
enzyme reaction took place at 42°C and 120 rpm for 2 hours. After 1 hour the position of the

flasks were changed in the incubator. After 2 hours the solutions were taken out of the incubator
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and poured into plastic bags, they sealed and put in 90°C hot water bath for 15 minutes to stop
the enzyme reaction. Thereafter the bags with the solutions were put on ice for 10 minutes to
cool them down. After they had cooled down, samples were taken for OPA measurements and
rancidity measurements for all four samples. The samples were then poured into centrifuge
tubes and centrifuged (Beckman Coulter USA) at 10.000 g and 4°C for 20 minutes. The
precipitant was discarded, but the supernatant was poured into aluminum trays and a lid placed
over them, which were then put into a freezer at -24°C. When the supernatant had frozen
through the lids were taken of the trays and they placed in the freeze drier (Virtis genesis,
Midland, Canada) for two days. Thereafter the samples were grinded and samples collected for
rancidity, bioactivity analysis, sensory analysis and chemical analysis. The rest of the samples
were stored in the freezer at -24°C for further use.

2.3 Sensory evaluation

Sensory evaluation was performed at Matis Reykjavik by a trained group of specialists. The
evaluation was performed on all four samples, where four factors were examined for smell and
seven factors for taste. The factors for smell were rancidity, fish oil, grass and dulse, but the
factors for taste were salt, sour, bitter, fish oil, rancidity, dulse and dried fish. The evaluation

was performed twice the same day where 7.5 g of sample were dissolved in 250 mL of water.

2.4 Degree of hydrolysis (OPA)

Preparations

The OPA reagent was prepared by mixing 7.620 g of Borax with 200 mg of SDS in 150 mL of
deionized water in a beaker. The solution was stirred and heated to approximately 30°C to get
the solution to dissolve completely. Then 160 mg of OPA (97%) were dissolved in 4 mL of 96
% Spiritus fortis Ethanolum. When the reagent was completely dissolved it was added to the
solution above among 176 mg of DTT (99%) and mixed together. The solution was then
transferred into a 200 mL volumetric flask and the solution was made up to 200 mL with
deionized water. The next step was to prepare serine standard by diluting 50 mg of L-Serine in
500 mL of deionized water, in a 500 mL volumetric flask. The sample solutions were prepared
by measuring 1 g of sample in 100 mL volumetric flask, and dissolve it in 100 mL of deionized

water.
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Procedure

To start with three mL of OPA reagent was added to test tubes. First measurement was on 3 mL
of deionized water, which was used as a control. Next 400 pl of the serine standard were added
to the OPA reagent in the test tubes, and mixed together for 6 seconds in a vortex (Heidolph
Reax top, Schwabach, Germany), and then the mixture stood for 2 minutes before being read
at 340 nm in the spectrophotometer (Ultrospec 3000 pro Amersham pharmacia biotech,
Cambridge, England). When the serine standard had been read, the blanks were prepared from
400 pl deionized water and treated as described above. After the blanks had been read the
samples were prepared from 400 pl samples and treated as described above. All samples,

standards and blanks were measured in duplicates.

2.5 Rancidity analysis

2.5.1 Peroxide values (PV)

Peroxide value was measured in ten samples, where one samples was treated as a muscle sample
and the other nine were treated as homogenous samples. All samples were measured in

triplicates.

The muscle sample was treated by weighting 5 g of the sample in a 50 mL centrifuge tube. Then
10 mL of ice cold solvent (Methanol:chloroform (1:1) with 0.25 g of BHT) was added to the
tubes, and homogenized (Ultra-turrax, Staufen, Germany) at 6000 rpm for 10 seconds. When it
had been homogenized, 5 mL of 0,5M sodium chloride solution was added to the tubes, and
mixed together be homogenizing it again. The next step was to centrifuge (TJ-25, Beckman
coulter, San Francisco, USA) the solution at 5100 rpm for 5 minutes at 4°C. When the
centrifuging had taken place the bottom layer was collected and 500 ul were added to an
Eppendorf tube, along with 500 pl of solvent (storage temp) and 5 ul of ammonium thiocyanate
and ferrous chloride solution (1:1) and then vortexed. Then the solutions were allowed to sit at
room temperature for 10 minutes before 100 pl of the samples were put in a PP microplate
(Eppendorf) and measured (Sunrise Tecan, Mannedorf, Switzerland) in duplicates, at 500 nm

along with standards.

The homogenous samples were diluted by measuring 0.1 g of sample and 0.9 g of dH20, and
mixed together in a homogenizer. Then 0.1 g were measured in an Eppendorf tubes along with
600 ul of ice cold solvent, and then homogenized at 6000 rpm for 10 seconds. Then 400 pl of

ice cold solvent were added to the Eppendorf tubes along with 250 pl of sodium chloride
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solution, and then mixed together by using vortex. The samples were then centrifuged at 5000
rpm for 5 minutes. Thereafter 400 ul of the bottom layer was collected with gel loading tips
and put in Eppendorf tubes along with 600 ul of solvent (storage temperature) and 5 pl of
ammonium thiocyanate and ferruous chloride solution (1:1). Then the solutions were allowed

to sit at room temperature for 10 minutes and measured as described before.

2.5.2 Thiobarbituric acid reactive substances (TBARS)

TBARS were measured in the same ten samples as were measured in PV, where one samples
was treated as a muscle sample and the other nine were treated as homogenous samples. All

samples were measured in triplicates.

To start with 5 g of muscle sample was weight in 50 mL centrifuge tube along with 5 mL of
TCA solution (7.5%), 0.1% Propyl gallate and EDTA and homogenized at 1000 rpm for 1
minute. Then another 5 mL of TCA solution was added to the sample and homogenized again.
Thereafter the samples were centrifuged at 5100 rpm for 20 minutes at 4°C. Then 500 pl of the
supernatant was collected and put in an Eppendorf tube along with 500 pl of TBA solution
(2,883g Thiobarbituric acid). A hole was made on top of each Eppendorf tube with a needle,
and then they were placed in a 95°C hot water bath (Julabo 20B, T-275) for 40 minutes, and
then the samples were cooled down in ice. When the samples had cooled down, 200 ul of
sample was added to microplate in duplicates, and measured in a spectrophotometer at 530 nm

along with standards and blank.

The homogenous samples were diluted as described before. Then 0.1 g of diluted sample was
measured in an Eppendorf tube along with 600 ul of TCA solution where it was mixed together
in a vortex. The samples were then centrifuged at 10.000 rpm for 15 minutes at 4°C, and then
500 pl of the supernatant was collected and put in an Eppendorf tube along with 500 ul of TBA
solution and mixed together in a vortex. The rest of the procedure was performed as described
above.

2.6 Bioactivity analysis

Bioactivity analysis took place at Matis bioactivity center at Saudarkrékur, where six different
measurements were performed, in vitro; ORAC, DPPH, metal chelating, reducing power and

ACE inhibitor assay and cellular antioxidant assay.
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2.7 Chemical analysis

Chemical analysis was performed at Matis Reykjavik and Matis Neskaupsstadur, where five
different analyses were performed on the samples. Salt- (AOAC-Titrino), ash- (ISO, 2002), fat-
(AOCS-Ba-3-38, 1998) and water (ISO, 1999) content analysis were carried out at Matis
Reykjavik, and protein content analysis (DUMAS) was carried out at Matis Neskaupsstadur.
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3 Results and discussion

3.1 Enzyme hydrolysates

Freeze dried powder from fish protein hydrolysates had rather similar weight, but the amount
was 40-42 g per sample.

Table 1: Amount of freeze dried powder after hydrolysis with different antioxidants.

Sample Antioxidant Amount (g)
Freeze dried FPH-Aa  Ascorbic acid 42
Freeze dried FPH-Se Seaweed extract 40
Freeze dried FPH-Re Rosemary extract 40

Freeze dried FPH-C Control (No antioxidant) 42

3.2 Chemical analysis
Chemical analyses were performed on five different samples.

Table 2: Nutrient content. The table shows the relative (%) content of protein, fat, ash, salt and water in five samples.

Sample Protein (%) Fat (%) Ash (%) NaCl (%) Water (%)
Homogenized solution 3.1 0.5 0.8 - 95.7
Freeze dried FPH-Aa 72.1 1.9 18.0 15.6 3.9
Freeze dried FPH-Se 72.6 2.6 19.2 16.9 4.0
Freeze dried FPH-Re 71.5 2.3 18.4 16.9 3.3
Freeze dried FPH-C 74.5 15 174 15.2 3.6

Table 2 shows that the protein solution is very different from the other samples, where the water
content was about 96% compared to the protein powder which was around 4%. The water
content in the protein powders is very low in all samples, which is understandable because the

samples have been freeze dried, and so the water content should be low.

The protein amount was higher in the powder samples, around 72-75%, then in the solution
sample where it was 3%. The reason for that is because the powders have undergone enzyme

hydrolysis and thus increasing the protein content by removing existing water.
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NaCl content was rather similar in all the samples with value of 16%. Most likely there has
been some mistake in the analysis because NaCl content should not be the same in a solution
and in a dried powder.

3.3 Degree of hydrolysis

Degree of hydrolysis was measured in four sample solutions that had been hydrolyzed with

different antioxidants.

Table 3: Degree of hydrolysis. The table shows the percentage of peptides bond cleaved
during the hydrolysis.

Sample Degree of hydrolysis (%)

Freeze dried FPH-Aa 18.4
Freeze dried FPH-Se 16.0
Freeze dried FPH-Re 18.4

Freeze dried FPH-C 18.1

Table 3 shows that the degree of hydrolysis is rather similar in all of the samples with the
average percentage of 17.7%. Hydrolysis with seaweed extract as an antioxidant had the lowest
percentage of 16% of peptide bond cleaved.

According to preliminary research, degree of hydrolysis in hydrolyzed fish product is on the
range of 15-20% (Nielsen, Petersen and Dambmann, 2001). Therefore the hydrolysates were

all successful.

3.4 Peroxide value

Figure 1 shows that the lipid hydroperoxide value decreases from 85 nmol/kg per fat to 1.8

nmol/kg per fat after the mince material had been homogenized.
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Figure 1: Lipid hydroperoxide value. The figure shows comparison of lipid hydroperoxide (nmol/kg per fat) value of minced
Lumpfish head material, homogenized solution of minced lumpfish heads and also value of hydrolyzed solutions and freeze
dried powder, with three different antioxidants and a control sample. Results were expressed as mean values standard deviation
of triplicate samples.

The lipid hydroperoxide value of the samples measured the lowest in the homogenized solution.
Figure 1 shows that lipid hydroperoxide value decreased in all cases after the samples had been
freeze dried, because of the peroxy radicals. This indicates that the antioxidants are affecting
the rancidity present in the hydrolyzed samples, and therefore the peroxy radicals are changing

into secondary products.

The ascorbic acid had the most effect of all the antioxidants, where lipid hydroperoxide value
decreased from 17.7 nmol/kg per fat to 3.6 nmol/kg per fat after the hydrolyzed solution had
been freeze dried. The seaweed extract showed the least changes of 1.96 nmol/kg per fat
between hydrolyzing and freeze drying. The reason for that is because the samples were not all
homogenous, and the results show that the control sample was the most homogenous, but the
sample with seaweed extract was the least homogenous sample. Therefore the lipid
hydroperoxide value measured the highest after freeze drying in the sample hydrolyzed with

seaweed extract compared to the other samples.
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3.5 TBARS

TBARS value of mince Lumpfish head reduces from 54 nmol MDA/kg per fat to 2 nmol
MDA/kg per fat after the material has been homogenized (Figure 2).
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Figure 2: TBARS value. The figure shows comparison of TBARS (nmol MDA/kg per fat) value of minced Lumpfish head
material, homogenized solution of minced lumpfish heads and also the value of hydrolyzed solutions and freeze dried powder,
with three different antioxidants and a control sample. Results were expressed as mean values standard deviation of triplicate
samples.

Figure 2 shows that the TBARS value of the Lumpfish mince measured rather high, but
decreased after homogenizing. After hydrolyzing the samples the TBARS value of the samples
increased and after freeze drying the value increased even more, from 10-15 nmol MDA/Kkg per
fat in the hydrolyzed solutions to 85-140 nmol MDA/kg per fat in freeze dried powder samples.
The reason for the high value of the freeze dried powder samples is most likely due to not
enough dilution of the powder samples at the beginning of the measurements. When measuring
the absorbance of the samples the freeze dried samples measured over 1.0, which indicates not
enough dilution had been performed on the samples. Therefore it would have been necessary
to repeat the TBARS measurements of the freeze dried samples in order to obtain significant

results.
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3.6 Sensory evaluation

The main results of the sensory evaluation can be seen on Figure 3. More detailed report in
Icelandic can be found as an Appendix. Results show that the seaweed extract generally
contributed to better tasting and smelling FPH with regard to bitter taste, rancidity taste, dried

fish taste, rancidity smell, fish oil smell and dulse smell, as compared to the other antioxidants.

S-rancid
T-dried
50 Ol
fish s-oil
T-dulse S-gras
T-rancid S-dulse
T-oil T-salt —~-Fv-e_FPH
--Ro-e_FPH
T-bitter
—AA-FPH

Figure 3: Sensory analysis for the three Fish protein hydrolysates (FPH) samples with antioxidant — Fv-e: Seaweed extract;
Ro-e: Rosemary extract; AA: Ascorbic Acid.

3.7 Bioactivity analysis

In general the antioxidant capacity of the hydrolysates was more or the same with the addition
of antioxidants (Figure 4 to Figure 6). The rosemary extract gave the overall best results. There
are two probable explanations to this: Firstly it inhibited the oxidation during hydrolysis thereby
protecting the properties of the hydrolysates themselves, secondly because its own antioxidant
properties contributed to increased bioactivity of the final product. Hydrolysates treaded with

the seaweed extract did not significantly differ from the control in any of the methods tested.
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Figure 4: ORAC values for control and the three Fish protein hydrolysates (FPH) samples with antioxidant — Fv-e: Seaweed
extract; Ro-e: Rosemary extract; AA: Ascorbic Acid. Average values with standard deviation. Values with the same letter are
not significantly different (p<0.05).
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Figure 5: Metal chelating ability for control and the three Fish protein hydrolysates (FPH) samples with antioxidant — Fv-e:
Seaweed extract; Ro-e: Rosemary extract; AA: Ascorbic Acid. Average values with standard deviation. Values with the same
letter are not significantly different (p<0.05).
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Figure 6: Reducing power for control and the three Fish protein hydrolysates (FPH) samples with antioxidant — Fv-e: Seaweed
extract; Ro-e: Rosemary extract; AA: Ascorbic Acid. Average values with standard deviation. Values with the same letter are
not significantly different (p<0.05).

The samples did not show high ACE inhibition properties — but though higher than the control
sample were no activity was detected. The 1Cso value represents the concentration of
hydrolysates needed to inhibit 50% of the ACE. That means that the lower ICso value the
stronger is the ability to inhibit ACE. The seaweed extract gave the most promising results.
That is in line with previous studies that indicate that Fucus vesiculosus extract does possess

ACE-inhibiting properties.

__ 16
m —
.Eg%
s B8 12
e o O
DE%OQ-D
! 8
W st
< J§
4
0

AA_FPH Fv-e FPH  Ro-e_FPH Control

Figure 7: ACE inhibition of the three Fish protein hydrolysates (FPH) samples with antioxidant — Fv-e: Seaweed extract; Ro-
e: Rosemary extract; AA: Ascorbic Acid. No activity was detected for the control sample.

20



4 Conclusion

Samples that had been freeze dried turned out to have similar weight, on the range of 40-42 g.

The chemical analysis results showed that the protein solution had more water content and much
lower protein content, compared to the powder samples which had much higher protein content
and low water content. NaCl content in the powder samples turned out to be similar to the NaCl
content in the solution. Therefore it is considered likely that some mistake had been done in the

analysis of NaCl content.

Degree of hydrolysis turned out to be successful in all the samples with the average percentage

of 17.7% of peptide bond cleaved during the hydrolysis in the samples.

The lipid hydroperoxide value of the samples measured the lowest in the homogenized solution.
The value decreased in all cases after the samples had been freeze dried, which indicates that
the antioxidants had an effect on rancidity present in the hydrolyzed samples. The samples
turned out to be not all homogenous, resulting in different lipid hydroperoxide value in control

sample compared to samples with antioxidants.

The TBARS value measured high in the Lumpfish mince but decreased after homogenizing.
After hydrolyzing the samples the TBARS value of the samples increased and after freeze
drying the value increased even more. The reason for this rather high value of the freeze dried
samples is considered to be due to not enough dilution of the samples at the beginning of the
measurements. Therefore it would have been necessary to repeat the TBARS measurements of

the freeze dried samples
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Verkefni: 4016-2185 Fullnyting proteina Ur grasleppu
April 2014
Adalheidur Olafsdottir

Skynmat d fiskipréteinum

A. Framkvemd

Skynmat var framkvaemt a fjorum tilraunahopum af fiskiproteinum i mars 2014. Munur milli
tilraunahdpa félst i mismunandi praavarnarefnum sem beett var Gt i préteinin. Lysingar hdpa
eru syndar i t6flu 1 en i umfjollun verda peir kalladir A, B, C og D. Synin voru metin eftir
myndranu profi, (GDA - Generic Descriptive Analysis), par sem skilgreindir matspaettir voru
metnir til ad lysa einkennum i lykt og bragdi af pjalfudum skynmatshopi (Lawless and
Heymann, 2010). Sj6 domarar sem allir h6fdu reynslu af skynmati (1ISO, 1993) og pekktu vel
adferdina toku patt i skynmatinu. Matspeettir voru skilgreindir i einum pjalfunartima en peir
voru 11 talsins og eru syndir asamt skilgreiningum i t6flu 2. Hver matspattur var metinn eftir
styrk & 6kvardadri linu sem i urvinnslu var kvoroud fra 0-100. Fiskipréteinin voru leyst upp i
vatni i styrknum 3g/100ml og leystust préteinin vel upp. Hvert syni var um 10ml af lausn borin
fram 1 glaeru plaststaupi. Oll syni voru dulkédud med priggja stafa ndmeri og borin fram i
mismunandi rod til ad takmarka ahrif synaradar & nidurstodur. Skynmatsforritid Panelcheck
(V1.4.0) var notad til ad skoda frammistodu domara. Forritid NCSS 2000 (NCSS, Utah, USA)
var notad til ad skoda mun milli hépa en til pess var notad ANOVA (glm) og Duncan’s test.
Leidrétt var fyrir notkun domara & skala. I urvinnslu var midad vid 95% 6ryggismork og munur

pvi talinn marktaekur ef p < 0,05.

Tafla 1. Lysingar tilraunahdpa.

hépur praavarnarefni
A Ascorbic acid
B  Seaweed extract
C Rosemary extract
Vidmid - ekkert
D  praavarnarefni




Tafla 2. Skynmatspeettir fyrir fiskiprotein og skilgreiningar & peim. L-lykt, B-bragad.

skynmatspattur  stytting skali skilgreining
LYKT
brai L-prai  engin || mikil praalykt
fiskolia L-olia  engin || mikil fiskolia, lysi, lodna
gras L-gras  engin || mikil gras, hey, surhey
sol L-sol engin | | mikil sol, sjavarlykt
BRAGD
salt B-salt  ekkert || mikis  salt bragd
surt B-surt  ekkert || mikis  surt bragd
B-
beiskt beiskt  ekkert || miki5  beiskt bragd
fiskolia B-olia  ekkert || mikid  fiskolia, lysi, lodna
pbrai B-prdi  ekkert || mikid  prai
sol B-sol ekkert || mikid SOl
B-
hardfiskur hardf.  ekkert || mikis  hardfiskur, eftirbragd, TMA

B. Nidurstoour

Nokkur munur var milli hopa i lykt og bragdi. Medaltol skynmatspatta eru synd i t6flu 3 og i
stjornuriti a mynd 1. Hopur A og C h6fdu meiri praalykt en hopar B og D. Hopur A hafdi meiri
fiskoliulykt og surt bragd en hopur D og meiri graslykt, beiskt bragd og préabragd en adrir
hopar. Hopur B hafdi minni sélvalykt en hdpar A og C og hépur D hafdi minna hardfiskbragd
en hdpar A og C. Ekki var munur i s6ltu bragdi, s6lvabragdi eda fiskoliubragdi milli hopa.
Almennt hofdu allir tilraunahdpar vart greinanlegan praa en greinilega lykt af fiskoliu, grasi og
s6lvum. Bragd einkenndist af mjog sdru bragdi, bragdi af sélvum og hardfiski. Einnig var
nokkud beiskt og salt bragd af 6llum hopum, greinilegur vottur af fiskoliubragdi og vart
greinanlegt praabragd. Almennt voru hépar B og D frekar likir og var hvergi munur milli

bessara hopa. Hopur A var lyktar og bragdmeiri en adrir hopar og einkenndist adallega af

graslykt, og beisku bragai.
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Tafla 3. Medaltdl skynmatspatta fyrir hépa A, B, C og D og p-gildi fyrir mun milli hopa. Mismunandi bokstafir innan
linu gefa til kynna markteekan mun milli viokomandi hépa.

skynmatspattur A B C D p-gildi

LYKT
brai 12a 5b 9a 4b 0,000
fiskolia 24a 16 24 17 b 0,050
gras 28a 16b 15b 19b 0,004
sol 18a 10b 19a 14 0,011
BRAGD
salt 22 25 26 20 0,239
sart 54a 46 49 41b 0,031
beiskt 28a 16b 20b 16b 0,000
fiskolia 15 13 15 16 0,881
brai 10a 5b 6b 4b 0,000
sol 46 46 45 46 0,997
hardfiskur 42a 32 40a 29b 0,020
L-prai
60
B-harof. 5 L-olia
40
. 30
B-sol L-gras
'8 0
Xﬁ 2
B-prai ( L-sol
B-olia B-salt A
—e—8
. . —e—C
B-beiskt B-surt
D

Mynd 1. Medaltol skynmatspétta fyrir hopa A, B, C og D.
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C. Alyktanir

Mijog litill prai fannst af vidmidunarsyni og pvi var erfitt ad sja ahrif praavarnarefna a
pbraamyndun i préteinunum en praabragd var metid mest i hopi A. Hardfiskbragd, sem einnig
getur gefid til kynna oxun, var mest i hdpum A og C en minnst i vidmidunarhdpi. Almennt var
hopur B frekar likur viomidunarhdpi og hvergi var munur milli pessara tveggja hopa. Hopur A
var almennt lyktar og bragdmeiri en adrir hopar og einkenndist adallega af graslykt, og beisku

bragdi.

D. Heimildir

H.T. Lawless, H. Heymann. 2010. Sensory evaluation of food, Principles and practices. Springer Science +
Business Media. P. 240-246.

ISO 8586:1993. Sensory analysis general guidance for the selection, training and monitoring of assessors. Part 1:
selected assessors. Geneva, Switzerland: The International Organization for Standardization.
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Abstract

This thesis describes the bioactivity and chromatographic profile of Lumpfish
(Cyclopterus lumpus) hydrolysate produced via enzymatic hydrolysis. Antioxidant
and antihypertensive properties of various fish hydrolysates have been proven in
previous experiments. In particular the impact of various proteases and different
times of hydrolysis on the bioactive properties of the hydrolysate are the main focus
in this study. The commercial enzymes used are: Protease M, Protease P and
Protamex, hydrolysing Lumpfish fillets for 1h, 3h and 12h. The aim of this project is
to find a time-saving and cost-reducing workmanship to produce highly bioactive
fish hydrolysates. Therefore the raw material was minced, pH and temperature
adjusted, controlled hydrolysed and purified via centrifugation and ultrafiltration. The
freeze dried hydrolysates were characterized with reversed-phase HPLC and size
exclusion chromatography. Data about potential antioxidant and antihypertensive

properties were compiled via different bioactive assay including: Metal chelating
activity, DPPH radical scavenging capacity, oxygen radical absorbance capacity

(ORAC), cellular antioxidant activity (CAA) and angiotensin-converting enzyme
(ACE) inhibitory activity. It can be detected that all tested variants of Lumpfish
hydrolysate reveal bioactive properties. Samples hydrolysed with Protease M and
Protease P showed in comparison to Protamex a higher bioactivity in all performed
assays. A hydrolysis time of 1h supported DPPH scavenging abilities, whereas 3h
and 12h hydrolyses were more suitable to achieve high ORAC, CAA and ACE

inhibitory activities on the Lumpfish hydrolysate.

Showing once more remarkable bioactivity of hydrolysed marine organisms, it can
be encouraged to do further research on new species and to optimize the way of

producing marketable and healthy fish hydrolysates.


http://www.dict.cc/englisch-deutsch/time-saving.html
http://www.dict.cc/englisch-deutsch/and.html
http://www.dict.cc/englisch-deutsch/cost-reducing.html

1 Introduction

1.1 Fish Proteins

Fish muscle tissue consists of three different protein types. The structural proteins
insist of actin, myosin, tropomyosin and actomyosin, which constitute 70-80% of the
total protein content (40% in mammals). They make up the contractile apparatus of
the fish, which is responsible for the muscle movement. The rest is completed by
20-30% of sarcoplasmic (myoalbumin, globulin, enzymes) and 3-10% of connective
tissue proteins (collagen). The amino acid composition from corresponding proteins
is in comparison to mammalian muscles similar with slight differences in physical
properties. For the distinction between fishes, the unique sarcoplasmic protein band
pattern of each fish species is used, obtained via the isoelectric focusing method.
The connective tissue with the different types of collagen (found in skin, swim
bladder and the myocommata in muscle) is the trigger for the swimming behaviour
of the fish species and is in structure similar to mammals, but shows fewer and more

labile cross-links than collagen from warm-blooded vertebrates (Ababouch, 2008)

1.2 Peptides

Peptides are linear polymers joined together with amino acids forming a protein with
at least around 50 amino acids in the polypeptide chain. In molecular mass the range
of peptide varies between 130 — 5,500 g mol* (Da), dependant on the amino acid
composition. The linkage between one and another amino acid is made on the a-
carboxyl group and the a-amino group and is named peptide bond. The formation
of a dipeptide (2 amino acids linked together) via the peptide bond is synthesized

through the loss of a water molecule or vice versa by hydrolysis (Fig.1.1).
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Fig.1.1: Shown is the peptide-bond formation as an example for amino acid synthesis (©2001 Sinauer
Associates, Inc.).

The sequence of a polypeptide chain is written beginning at the amino end up to the
carboxyl-terminal residue. This chain of amino acids forms a repeating part rich in
potential hydrogen binding carbonyl groups (C=0), called backbone, and a variable
part constituted of amino acid side chains. The linear polypeptide chain can
sometimes be cross-linked over disulphide bonds with cysteine. Geometry reveals
a planar backbone with 6 atoms (Cq,C, O, N, H and Ca) lying on one plane. A double
bond character within CO and NH (switching between single and double bond)
enables a stable and constrained backbone without rotations. There are only 2
configurations possible for a peptide bond, namely when the a-carbons are on
opposite sides (trans-) or in the other case the2 a-carbons are on the same side

(cis-configuration), which is the rarer configuration.

Trans

Fig.1.1: lllustrated are the cis- and trans-configurations of the peptide bond. (http://www.imb-
jena.de/Bioinformatics)


http://www.imb-jena.de/Bioinformatics
http://www.imb-jena.de/Bioinformatics

Apart from the peptide bond free rotations are possible (between amino group and
a-carbon, and between a-carbon and carbonyl group) which allows the protein to
fold in many different ways and exert specific functions (Berg, Tymoczko & Stryer,
2012).

1.3 Bioactive peptides

Specific protein fragments with a positive impact on body functions and ultimately
on health are defined as bioactive peptides. In cell physiological terms they act like
hormones with specific interactions to certain cell receptors thereby triggering
physiological response and metabolic regulation (Sharma, Singh, & Rana, 2012).
The diverse functionality of bioactive peptides on humans physiology are described
in many studies and include antihypertensive, antioxidant, anticancer, antimicrobial,
and opioid activities as well as immunomodulatory and cholesterol-lowering effects.
Bioactive peptides are extrinsically brought to the gastrointestinal tract from various
food sources (Shahidi & Zhong, 2008). The so called “food-derived bioactive
peptides” can be present genuine in food or generated in vivo (intestinal) or in vitro
(food processing) via hydrolysis (Hartmann & Meisel, 2007). Numerous animal and
plant proteins encrypt bioactive peptides (Tab.1.1), which become only active if
released from the parent protein (Ryan, Ross, Bolton, Fitzgerald, & Stanton, 2011).
The bioactivity of these peptides is primarily dependent on size (usually 2-20 amino
acids), amino acid composition and sequence (Najafian & Babji, 2011); (Jeon, Byun,
& Kim, 1999)

1.3.1 Antihypertensive peptides from fish

The main antihypertensive peptides are inhibitors of the Angiotensin converting
enzyme, which plays an important role in the renin — angiotensin system (RAS)
(Vercruysse, Van Camp, & Smagghe, 2005). RAS is triggered when granular cells
of the juxtaglomerular apparatus in the kidney release the hormone renin acting as
an enzyme on angiotensinogen. The catalysis converts angiotensinogen to
angiotensin |, which is now available for the angiotensin converting enzyme (ACE)

to form angiotensin Il. From now on the regulation of blood pressure is intact,



whereby angiotensin Il stabilizes systemic blood pressure via activating smooth

muscle of arterioles as a vasoconstrictor and stimulator of sodium reabsorption.

Tab.1.1: Examples of bioactive peptides encrypted in proteins form various food sources with a specific
physiological effect (Ryan et al., 2011).

Food source Encrypting protein  Peptide Effect
(sequence)

Soy Soy protein NWGPLV antihypertensive

Fish Fish muscle LKP, IKP, LRP antihypertensive
protein

Meat Meat muscle KW, LKP antihypertensive
protein

Broccoli Plant protein YPK antihypertensive

Egg Ovotransferrin OTAP-92 antimicrobial

Rice Rice albumin Oryzatensin Immunomodulatory

Wheat Wheat germ Peptides not antioxidant
protein specified

Milk Lactoferrin Lactoferricin antimicrobial

Both properties and the indirect release of aldosterone from the adrenal cortex make
angiotensin 1l a potential hypertensive hormone (Marieb & Oehn, 2010). In
pathological conditions, there is an overdose of Angiotensin Il available resulting in
severe hypertension. Till date, many discoveries have demonstrated that bioactive
peptides from food source can competitively inhibit to a certain extent ACE and
therefore lowering blood pressure (Udenigwe & Aluko, 2012). Some of this food-

derives bioactive peptides come from fish.

The first ACE inhibitory peptides from fish source were found in sardines around 20
years ago. After some more identifications of antihypertensive peptides from
shellfish, tuna and salmon, they were classified to be rather small chained (200-
600Da), polar and containing few hydrophobic amino acids in their sequence (Ryan
et al.,, 2011). An isolated peptide (amino acid chain LKPNM) from dried bonito

showed in studies an ICso (inhibitory concentration) value of 2.4 uM, which means



that this peptide inhibit 50% of ACE with an application concentration of 2.4uM
(Fujita & Yoshikawa, 1999). Another study proved ACE inhibitory potential of
tripeptides (amino acid chain GPL) isolated from Alaskan pollack skin gelatine
hydrolysate (Byun & Kim, 2002). An experiment to gain more value out of fish
processing waste approved that low molecular weight fractions (<10kDa) of tilapia
hydrolysates exhibit a higher ACE inhibitory activity than unfiltered fractions
(Raghavan & Kristinsson, 2009). Bioactive peptides derived from fish can exert
antihypertensive and antioxidant effect at the same time. This was shown in a recent
study on Pacific hake fish protein hydrolysates (Samaranayaka, Kitts, & Li-Chan,
2010). These promising facts on fish-derived bioactive peptides motivate research
groups all over the world to expand the knowledge on the diverse health aspect of

fish with further studies.

1.3.2 Antioxidant peptides from fish

The nature of antioxidant peptides is to scavenge and quench reactive
oxygen/nitrogen species (ROS/RNS) and inhibition of ROS-induced oxidative
damage on biological macromolecules such as lipids, proteins and DNA. In addition,
some of them are able to enhance the activities of antioxidant enzymes or inhibit the
expression of free radical generating enzymes (Udenigwe & Aluko, 2012). These
free radicals carrying reactive species are in an unstable configuration and release
their energy in reactions with adjacent molecules (Rahman, 2007). ROS, with the
most common free radicals superoxide anion (O27"), perhydroxyl radical (HO2"),
hydroxyl radical (-OH) and hydrogen peroxide (H20:2), are products from cell
metabolism and play an important role in cell signalling, gene expression, ion
transportation and apoptosis (Fig.1.3). If speaking about oxidative stress, the
hydroxyl radical is the major attacker for bases in nucleic acids, double bonds in
unsaturated fatty acids and amino side chains in proteins. Cells use as self-defence
against ROS damage intracellular enzymes (superoxide dismutase, catalase,
glutathione peroxidise), metal chelating and free radical scavenging substances
(vitamin E, C). Nevertheless, the own body defence is sometimes deficient in
strength against free radicals when cell dysfunction and environmental stress raise

the level of ROS to a dramatic extent, which can significantly contribute to cancer,



Alzheimer’s disease and rapid aging. In order to reduce the cellular oxidative stress,
additional uptake of food with antioxidants would help to maintain health (LU et al.,
2010).

NADH/NADPH Oxidase
Xanthine Oxidase
Mitochondrial

ete.
0,
@Y Giop- -0, S0 (1,0 &AL mo
0, QO o7 |cut, Fert

Kntloxulant
@%H - .I (TE\ Complex

AO"+ ROOH

H,O

lipid peroxidation, DNA damage,
protein modification, enzyme inactivation

Fig.1.2: Schematic drawing of the generation and reaction of free radicals in the cell. O2™ (superoxide
anion), H202 (hydrogen peroxide), -OH (hydroxyl radical), HOCI (hypoclorous acid), NO (nitric oxide),
ONOO" (peroxynitrite), HO2* (perhydroxyl radical), Re (lipid alkyl radical), ROO- (lipid peroxyl radical), RH
(lipid), ROOH (lipid hydroperoxide), CAT (catalase), GPX (glutathione peroxidise) and SOD (superoxide
dismutase) (LU et al., 2010).

Such antioxidants were also discovered in enzymatically hydrolysed fish muscles of
different marine species (Najafian & Babiji, 2011). Derived peptides from flounder
fish hydrolysis using a-chymotrypsin as protease showed a high antioxidant activity
among other tested enzymes (Ko, Lee, Samarakoon, Kim, & Jeon, 2013). Hoki skin
gelatine hydrolysates obtained a significant scavenging activity on DPPH, carbon-
centered and superoxide radicals when hydrolysed with trypsin (Mendis, Rajapakse,
& Kim, 2005). A well purified and characterized peptide (amino acid chain
KTFCGRH) from croaker could achieve successful in vivo results by increasing the
activity of endogenous cellular antioxidant enzymes (e.g. catalase) in Wistar rats
(Nazeer, Kumar, & Jai Ganesh, 2012). Not only did hydrolysates from fish muscle
proteins and skin contain antioxidant peptides demonstrate a study about cod
backbone hydrolysates (Slizyté et al., 2009). In cellular based assays an antioxidant

activity was found with Threadfin bream surimi byproducts, where hydrolysates from



frame, skin and bone protected HepG2 cells against tert-butyl hydroperoxide-
induced oxidative damage (Wiriyaphan, Chitsomboon, & Yongsawadigul, 2012).
Along with proven antihypertensive effects represent antioxidant studies on fish
protein-derived bioactive peptides the potential health benefits of fish hydrolysates.
Their intake is discussed to be in forms of pharmaceuticals, nutraceuticals or as a
functional food ingredient (Najafian & Babji, 2011).

1.4 Enzymatic hydrolysis of fish muscle proteins
Three techniques have been established so far to produce bioactive peptides and
are partly applied in fish processing. These methods comprise: solvent extraction,
microbial fermentation and enzymatic fermentation of food proteins. Solvent
extraction is mainly used in laboratory scale and displays impractical drawbacks like
low selectivity, solvent residue and weak extraction efficacy. The gain of bioactive
peptides via microbial fermentation has more application in meat and specially milk
processing. The method of choice for fish protein-derived bioactive peptide
production is the enzymatic hydrolysis, which is considered not to generate toxic by-
products or leave harmful residues, but rather results in products of high functionality
and good organoleptic properties (Najafian & Babji, 2011). Production of fish
peptides via enzymatic hydrolysis starts with sarcoplasmic and myofibrillar protein
extraction by adding water and adjusting the pH-value and temperature to preferable
conditions for enzymes (Thorkelsson & Kristinsson, 2009). Only a well homogenized
and adjusted fish mince is ready for the enzyme addition, which are normally dosed
to achieve 0.5-2% of the total protein content. The main physiocochemical
conditions of the reaction media are summed up as followed:

e time

» temperature

e pH-value

* enzyme/substrate (E/S) ratio

During hydrolysis, the environmental conditions are kept stable and the process is
running until a certain degree of hydrolysis (DH) is reached. DH is defined as the

ratio of cleaved peptide bonds to the total protein content in the hydrolysate. The
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termination of the hydrolysis is mostly done via heat treatment, which may adversely
influence the functionality of the bioactive peptides (Kristinsson, 2005). As indicated
before, the degree of hydrolysis is the main benchmark to check, compare and
conclude the final product on its posterior tested bioactivity. How crucial DH for
bioactive properties can be trailed in some studies (Geirsdottir et al., 2011);
(Klompong, Benjakul, Kantachote, & Shahidi, 2007), where a higher DH resulted in
a stronger bioactivity. There are many established methods to determine the DH
based on different principles, which constitute sometimes an obstacle by
comparison of results between studies. One can measure the released protons
during hydrolysis as a parameter, called pH stat method. The trichloroacetic acid
soluble nitrogen (SN-TCA) method determines the free TCA-soluble nitrogen in the
solution. Three more methods, trinitrobenzenesulfonic acid (TNBS), formol titration
and o-phthaldialdehyde (OPA), are measuring the generated amino groups during
hydrolysis (Rutherfurd, 2010). OPA is the newest invention with considerable
advantages such as time saving, high accuracy and less toxicity, and therefore
selected for this thesis (Nielsen, Petersen & Dambmann 2001). O-phthaldialdehyde
Is a strong derivatizing agent for amino groups in the presence of reduced sulfhydryl
groups supplied by the addition of various reagents like dithiothreitol (DTT) or -
mercaptoethanol (Fig.1.4). The product of this reaction is a fluorescent moiety,
which can be detected with a spectrophotometer at 340nm. The fact that OPA does
not really react with proline nor cysteine and shows a low derivatizing potential to
insoluble proteins and peptides leads to an slight underestimation of the DH, which
should be kept in mind for comparison with other methods (Held, 2006); (Rutherfurd,
2010).

(a) R4
I SR
OH
SN _
| P fg + Ry—SH —»= 0 + Ry—NH, —= __N-R,
o-phtaldialdehyde thioacetal Isoindole

Fig.1.3: The reaction mechanism of OPA with an amino group forming the fluorescent isoindole complex
with a thioacetal as an intermediate (Kyprianou et al., 2010).
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1.5 Proteases

A protease is an enzyme, which cleaves peptides bonds with many different
mechanisms. The process is generally called proteolysis and the enzymes are
classified as hydrolases, because of the need of one water molecule during the
reaction. They can be discerned into 5 major catalytic classes (serine, threonine,
cysteine, aspartic acid, metalloprotease and glutamic acid protease) and 63 different
families. Proteases can also be classified according their mode of attack on proteins
into 2 classes: Endo- and Exoproteases. Endoproteases break down proteins from
the interior and usually leave bigger peptides with more amino acids. Exoproteases
slowly cleave amino acids from both ends of the protein and thus producing single
amino acids (Puente et al., 2003); (Berg, Tymoczko & Stryer, 2012). A lot of
proteases with different functions are present in the human body, for example
elastase, cathepsin G in leukocytes; trypsin and chymotrypsin for food digestion in
the duodenum; or pepsin in the stomach. The proteases applied in industry are often
blends of endo- and exoproteases representing a huge, nearly inscrutable offer.
This leads to a high diversity of tests being performed with different proteases to
detect an optimal way for producing fish hydrolysates with an a high bioactivity
(Thorkelsson & Kristinsson, 2009)

1.6 Chromatography — Peptide purification

Due to the complexity of peptide, especially in hydrolysates, it is not possible to use
the rather simple crystallization method as purification strategy, which applies to
most of the organic compounds. Nowadays the solution to purify a high complex
peptide-protein mixture lies in the use of combined multidimensional liquid
chromatography. The general principle of chromatographic purification is the
interaction of the peptide with a stationary phase carried in a mobile phase.
Reversed-phase, size exclusion (used for this thesis) and ion exchange
chromatography are documented as the most efficient and industrially applied
chromatographic techniques for peptide purification (Andersson, Persson, &
Laboratories, n.d.); (Sandra et al.,, 2009); (Conrads, Janini, Veenstra, & Nci-
frederick, 2002).
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1.6.1 Reversed-phase Chromatography

Contrary to NP, RP uses a nonpolar bonded coating as the stationary phase. The
mechanism of separation is referred to hydrophobic interactions between the
peptide and the immobilized ligand (stationary phase). Nonpolar, hydrophobic
peptides are eluting later than polar, hydrophilic ones, because of the stronger
adsorption to the nonpolar ligand. The R-group of the matrix is coated with alkyl
chains e.g., C4, C8, C18 constituting the nonpolar stationary phase. The carbon
groups are aligned perpendicular to the silica surface giving a broom-like structure.
Usually a polar liquid is functioning as elution buffer in the mobile phase. This is
predominantly a mixture of water, methanol or acetonitrile, sometimes in
combination with a low concentration of acid to keep the pH below 7.5, because
silica gel matrices (not valid for polystyrene matrices) can easily dissolve above this
pH-value (Skoog, Holler & Nieman, 1997); (http://www.infoagil.ch); (Amersham
Bioscience, 18-1134-16).

1.6.2 Size exclusion Chromatography

The mode of operation of size exclusion chromatography is the separation of
peptides according to their differences in size. The mobile phase can be either non-
aqueous, Gel permeation chromatography (GPC), or aqueous, Gel filtration
chromatography (GFC), passed through a column filled with a porous gel bed.
Unlike IEX, the molecules don’t bind to the stationary phase, but diffuse into the
beads if they are small enough to pass through the spherical particle holes. The
smaller sized molecules can go easier into the beads leading to a longer retention
time in the stationary matrix. Whereas the bigger molecules have problems to enter
the beads or even can’t pass through the holes revealing a faster flow through and
the first peaks in the chromatogram. This separation technique just needs one
buffer, which composition can be beneficially adjusted to suit the type of sample, or
the requirements for further purification, analysis or storage. By contrast the
stationary phase, normally made of styrene-divinyloenzene copolymers or
hydroxylated silica, has to withstand high temperatures and pressures as well as a

broad pH range (Amersham Bioscience, 18-1022-18).
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2 Materials and methods

2.1 Chemicals

All chemicals were of analytical grade and the water used was distilled and sterile
filtered through a Millipore device. The chemicals and solutions used during the
whole thesis are listed in the table 2.1 below.

Tab 2.1: Shows the list of all applied chemicals in the trials with the stated name of the manufacturer.

Chemical Source
2,2-diphenyl-1-picryhydrazyl (DPPH) Merck
2',7'-dichlorofluorescein diacetate Sigma-Aldrich

(carboxy-H2DCFDA)
3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine- | Sigma-Aldrich
p,p’-disulfonic acid monosodium salt

hydrate (ferrozine)

Sodium phosphate dibasic Sigma-Aldrich
Acetonitrile Sigma-Aldrich
Ammonium chloride Merck
Ammonium persulfate (APS) Sigma-Aldrich
Ammonium sulphate Merck
Ammoniumhydrophosphate Merck

Angiotensin-converting enzyme (ACE) | Sigma-Aldrich

from rabbit lung

Bromophenol blue Sigma-Aldrich
Coomassie brilliant blue Merck
B-mercaptoethanol Sigma-Aldrich

Dipotassium hydrogen orthophosphate | Riedel-De Haén

Disodium tetraborate decahydrate Merck

(Borax)

Dithiothreitol (DTT) Sigma-Aldrich
Ethanol Gamla apotekid

Ethylendiaminetetraacetic acid (EDTA) | Merck

Ferrous chloride Sigma-Aldrich
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Fetal bovine serum (FBS)

Fluorescein sodium salt
2,2'-Azobis-2-methyl-propanimidamide,
dihydrochloride (AAPH)
6-Hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox)

Glycerol

Hanks' Balanced Salt Solution (HBSS)
Hexan

Hydrochloric acid

Isopropanol

Methanol

Minimum Essential Medium a (MEMa)
o-aminobenzoylglycine (Abz-Gly)
o-aminobenzoylglycyl-p-nitro-L-
phenylalanyl-L-proline (Abz-Gly-
Phe(NO2)-Pro)
Ortho-phthaldialdehyde (OPA)
Phosphate

Phosphate buffered saline (PBS)
Polyacrylamide

Serine

Sodium chloride

Sodium dodecyl sulphate (SDS)
Sodium phosphate monobasic
Tetrahydrofuran
Tetramethylethylendiamin (TEMED)
Trifluoroacetic acid (TFA)

Tris base

Zinc chloride

GIBCO
Sigma-Aldrich

Cayman Chemical

Cayman Chemical

Sigma-Aldrich
GIBCO

Sigma-Aldrich
Sigma-Aldrich
Sigma-Alrdich

Riedel-De Haén

GIBCO
Bachem

Bachem

Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
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2.2 Main trial scheme
The exercise of this thesis was split into two main categories. On the one hand the
production process of fish muscle peptides and on the other hand the quantitative

and qualitative biochemical analyses of intermediates and final products.

Production flow Analyses

Fish

) 4
Mechanical comminution

A 4

Enzymatic hydrolysis l—» Kjeldahl digestion
» OPA

v
Centrifugation/Ultrafiltration

FPLC

HPLC

A 4
A 4

A\ 4
Lyophilization

Dumas method

Metal chelating activity

A 4

DPPH radical scavenging capacity

A 4

Oxygen radical absorbance capacity

» Angiotensin-converting enzyme activity

A 4

Cellular antioxidant activity

Fig.2.1: The main production steps and biochemical analyses used in this thesis.
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2.3 Manufacturing process

2.3.1 Raw Material

As sample to pass through the production flow and examine quantitative, qualitative
and bioactive properties from fish muscle peptides of a North Atlantic - marine
organism, the fish species Cyclopterus lumpus (lumpfish) was used as raw material.
The fish was cleaned and skinned delivered as fillets in a vacuum packed plastic

bag and unfrozen at room temperature overnight.

2.3.2 Fish mince

The lumpfish filets were cut into slices and the cartilage and bones carefully
removed. The fish pieces were put into a blender (Hallde VCB-62) and chopped for
around 5 seconds to obtain well homogenized fish mince. The final mince was
blended with preheated water and divided into equal amounts for each variant
(100ml). Average protein content in lumpfish (8.5%) was used to dilute the mince
with the required preheated water amount to 5.0% of protein in the solution.
Depending on the enzyme stability and activity the pH of each variant subset was
separately adjusted with 2M HCI to achieve 4.5 or 5.5. All net weights-, added

volumes and the gross weight were documented and distinctive labelling done.

2.3.3 Enzymatic Hydrolysis

The samples were according to their test variant put into shakers (Innova 4400
incubator shaker) and heated up to the designed temperatures (35, 40, 45 and
50°C) while swirling at 130rpm. After approximately 1h, when the samples had
reached their final temperature the enzymes could be added. The enzyme to
substrate ratios (E/S) used were 1:50 and 1:100. For this trial 3 different proteases
were tested (Tab.2.3). From now on the temperature and pH-value were checked
and readjusted with either 2M NaOH or 2M HCI every hour during the hydrolysis
process to keep the conditions as stable as possible. In order to achieve less and
stronger hydrolysed products with the intension to find an optimal setting in regard
to the bioactivity results of the fish hydrolysates, different hydrolysis times (1h, 2h,

3h and overnight) were applied. To guarantee an exact time of hydrolysis,
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subsequently the solutions were filled in heat resistant plastic bags and heated up
to 90°C in a water bath (Julabo 33) for 20min and thus enzymes completely
inactivated. The heat treated samples were put on ice and cooled down for

centrifugation.

Tab.2.3: Listed are the proteases used for the enzymatic hydrolysis of lumpfish.

Enzyme Supplier

Protamex® Novozymes
Protease M “Amano” Amano Enzyme Inc.
Protease P “Amano” 6 Amano Enzyme Inc.

2.3.4 Centrifugation and Ultrafiltration

The first step of purification was to centrifuge the crude lumpfish hydrolysates with
10,000 x g for 20min at 4°C (Beckmann coulter Avanti J-20XPI) to get rid of the
denatured enzymes and non-degraded bigger proteins. A floating layer of fat was
removed by pouring the centrifuged solution over a fourfold pleated cheese cloth.
Around 21g of each fish hydrolysate variant was separately collected for OPA and
Kjeldahl measurement. The remaining volumes were cautionary stored at -24°C and
ready for a more selective purification step.

The Ultrafiltration was carried out with centrifugation tubes with a 3kDa sized inner
membrane (Amicon Ultra- 15 Centrifugal Filter Units). Therefore the frozen lumpfish
hydrolysates were defrosted overnight in the fridge and spun with 4000 x g in a
swinging bucket rotor centrifuge (Beckman TJ25) at 4°C until approximately 90% of
the retentate had been recovered. The final permeate, consisting of molecules lower
than 3kDa, were put back again into the freezer (-24°C) as pre-processing for freeze

drying.

2.3.5 Lyophilisation
The frozen fish hydrolysate solutions were placed onto freeze dryer shells and

steadily a vacuum of 0.001lmbar generated. The treatment was running at -54°C for
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1 week with the goal to achieve a virtually water-free peptide powder (1-4% final
water content). Now the better and longer storable lumpfish hydrolysates were used
to characterize their biochemical properties via chromatographic and bioactive

measurements.

2.4 Biochemical Analyses

2.4.1 Determination of Degree of Hydrolysis (DH)
The DH is defined as the proportion of all hydrolysed peptide bonds (h) and the total

number of peptide bonds (htwt) per protein equivalent.

h
htot

The degree of hydrolysis (DH%) was determined using the o-phthaldialdehyde OPA

DH(%) = (—) - 100

method described by Nielsen et al, 2001. Therefore 1ml of hydrolysed lumpfish
muscle proteins was diluted with dH20 into 100 or 250ml Erlenmeyer flasks
(dependent on the intensity of the enzymatic hydrolysis). The reagent was prepared
dissolving 7.620g Borax and 200mg SDS at around 45°C with 150ml dH20. OPA
was separately dissolved in 4ml ethanol 94% and added with 176mg DTT by rinsing
with dH20 to the Borax-SDS solution. Finally filled up to 200ml and properly mixed
with a magnetic stirrer (final OPA reagent). As standard 50mg serine were prepared
in a 500ml flask (0.9516 meqv/L).

For the measurements, quadruplicates of OPA reagent for each sample, blank
(dH20) and standard were filled into reaction tubes. 400ul of blank, then standard
and finally sample were added to the 3ml OPA reagent, mixed for 6 seconds and
left standing to react for 2min. Subsequently put into the spectrophotometer
(Ultrospec 3000 pro) and read at 340nm. A typical value for the blank was 0.04 and
for the standard 0.8. The OD values of the samples were minded to be less than 1.
To determine the number of hydrolysed peptide bonds (h) the following
calculation was done.

oD — 0D meqv 100
sample blank . 0.9516 q . 0.1- . P

Serine- NH, =
erime 2 ODstandard - ODblank L X
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Serine-NH2: meqv serine NHz2 / g protein

X: gram sample
P: protein % in sample
0.1: Sample volume in liter (L)

For the total number of peptide bonds (htwt) the constant for the specific raw material

“fish” was used to complete the %DH calculation.

2.4.2 Protein determination

The protein content in the hydrolysed fish samples after centrifugation was
determined using the Kjeldahl method. The analysis was conducted from Matis
employees in the department for analysis and consulting. The protein content in the
hydrolysed fish samples after lyophilisation was determined using the method of
Dumas. The measurements were implemented from Matis ohf. at Myrargata 10, 740
Neskaupstadur. The Kjeldahl protein content was used to calculate the number of
hydrolysed peptide bonds (h), whereas Dumas was done for bioactivity

determinations.

2.4.3 Polyacrylamide gel electrophoresis

SDS-PAGE was used to identify the molecular weight of the purified fish peptide
samples. Precast linear gradient (4-15%) polyacrylamide gels (Ready Gel Tris-HCI
Gel #161-1104) from BioRad appeared to be partly suitable to detect the low
molecular weight peptides, whereas self-made 16, 18, 20 and 25%resolving gels
couldn’t achieve enough resolution and band separation. 20ul sample solution
(containing 50ug peptide) were mixed with 6ul of 5x sample buffer, boiled for 5Smin
at 95°C and centrifuged prior loading it into the wells. The gels were run in a 1x
running buffer with a constantly applied voltage of 200V (Amersham Pharmacia
Biotech electrophoresis power supply). A peptide standard (polypeptide SDS-PAGE
molecular weight standard #161-0326) functioned as molecular weight ladder for
the samples. The gels were stained and destained according the instructions of the
peptide standard protocol (Bio-Rad Laboratories, 2000).

20



2.4.4 Liquid Chromatography
2.4.4.1 Fast Protein Liquid Chromatography (FPLC)

For estimating the peptide size and composition in the sample a FPLC
(AKTApurifierTM System) was conducted using a size exclusion column. The
optimal fish hydrolysate amount of 2.5mg, to closely not maxing out the detector
signal, was dissolved in phosphate buffer to a concentration of 2.5mg/0.9ml. Next
the sample solution was before injection filtered through a 0.45um syringe filter to
remove potential interfering particles with bigger size. A phosphate buffer was made
out of dipotassium phosphate and prepared in a blue cap bottle. The pH-value of
the buffer was adjusted to pH 7.5 with 1M HCI to improve the solubility of the fish
muscle peptides. To maintain a long column life, ddH20 was used as salt solvent
and a filtration (0.22um] was done prior chromatography start. The column
(Superdex Peptide HR 10/30) and the whole system were washed with one column
volume (24ml) of phosphate buffer. If the column was stored with ethanol, two
column volumes were used for equilibration. Once stable curve shapes were
observed with the equilibration process, the system is ready to start a
chromatographic run by choosing a pre-programmed method on the UNICORN™
Software Version 3.2. The most run affective parameters were adjusted with the
following conditions:

* flow rate: 0.5ml/min

* duration: 2 column volumes

* backpressure limit: 1.1 mPa

The prepared samples were injected with a syringe into the loading chamber directly
connected to a 1ml injection loop. The running program was automatically loading
the column to a given time with the injected sample by pressing the buffer through
the injection loop. The UV-detector (Monitor UV 900) was scanning the flow through
in the flow cell with multiple wavelengths and the signals were recorded as a graph
and table form with the Unicorn program. The high variety of recorded parameters
(e.g. 3 different wavelengths, conductivity, pressure, pH-value) enabled an

indicatory first overview of the sample composition.
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2.4.4.2 Reversed-phase high performance Liquid Chromatography (RP-HPLC)
The sample injection was ensued in liquid phase via a syringe pressing the sample
into the injection loop standing on mode “load”. Therefore around 60mg of freeze
dried fish hydrolysate samples were dissolved in 1ml of buffer A (0.1% (v/v) TFA)
and filtered through a 0.45um syringe filter prior injection. The buffer B
(75:25/ACN:buffer A (v/v)) served for eluting the peptides off the stationary phase.
All solvents without HPLC grade manufacturing were filtered through a 0.22ul filter
prior use. The buffers were prepared in a sterile blue cap bottle in which the inlet
pipe was sucking the liquids through an equipped filter into the HPLC. The security
guard was connected to the mixer outlet and mounted onto the C18 column whose
exit connected the UV-Vis detector. Subsequently the set HPLC (Kontron
instruments) and especially the column (Kinetex™ C18, 250mm) was equilibrated
with buffer A for 10min and checked for leakproofness. After the baseline was
showing a stable and flat line at around zero absorbance the running conditions
could be set as follows:

» flow rate: Iml/min

* duration: 120min

» detection wavelength: 220nm

e ambient temperature

e gradient:

Tab.2.4: A linear gradient from 5-45%B was used to elute the peptides from their interaction to C18 wall.

Duration time [min] Buffer B [%0]

0 5
120 45

Once the HPLC settings are done it is time for the manual sample injection. The
already prepared sample is put into the 20ul injection loop and with the lever turn to
“inject” the program starts to run and record. Figure 1 illustrates an example of an
elution profile of diverse natural fish peptides obtained from an RP-HPLC run under
specific conditions. The data points are exported as a text file and peak calculations

can be done in excel or directly in the chromatographic program.
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2.4.5 Antioxidant assays

2.4.5.1 Metal chelating activity

One antioxidant assay was carried out using the property of peptides forming
soluble complexes with iron. Fez* chelating activity was detected by analysing the
formation of the Fe2* ferrozine complex. Beforehand 0,2 mM ferrous chloride and
0,5 mM ferrozine were freshly prepared and kept in the dark. The reagents were 10
x diluted and the lumpfish samples adjusted to a concentration of Img/ml. It was

then pipetted according the table 2.4.5 with water as control.

Tab.2.4.5: Listed is the pipetting order with the corresponding volumes.

Blank Control Sample

100 pL water 100 pL sample 100 pL sample
50 pL FeCl2 50 pL FeCl2 50 pL FeCl2
100 pL ferrozine 100 pL water 100 pL ferrozine

Subsequently the plate was stood into the shaker and left at low rotation for 30min.
After the complex forming process between Fe(ll) and ferrozine, which generated
depending on the degree of oxidation a violet to greenish colour, the samples were
spectrophotometric analysed at 560nm using a microplate reader (POLARstar
OPTIMA, BMG Labtech).

A an _Asam e_Acon ro
(%) = 2otank”Esample—Fontrol) . 1

Chelating activity n
blank

Where Ablank is the absorbance of the blank, Asample is the absorbance of the
sample and Acontrol is the absorbance of the control samples at 560nm.

2.4.5.2 DPPH radical scavenging capacity

In this assay, the purple DPPH was reduced by antioxidant (peptides) to the
corresponding yellow hydrazine (Karadag, Ozcelik, & Saner, 2009). 100ul (1mg/ml)
of fish hydrolysate solution was added to 900ul methanol and centrifuged for 10min
with 2000rpm at 4°C. 150ul of the supernatant were then pipetted with 60ul of DPPH
solution into an aluminium covered microplate. This was incubated at room
temperature for 30min and read at 520nm (POLARstar OPTIMA, BMG Labtech).
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. iy ey A ank— Asam e_Acon o
inhibition (%) = —2ank (A pl o) . 100
blank

Where Ablank is the absorbance of the blank (ddH20), Asample is the absorbance

of the sample and Acontrol is the absorbance of the control samples at 520nm.

2.4.5.3 Oxygen radical absorbance capacity (ORAC)

The ORAC assay determines the antioxidant inhibition of peroxyl-radical induced
oxidation via H-atom transfer (Karadag et al., 2009). To test this reaction, 60pl of
fluorescein (10nM) were pipetted into empty 96 well plates. Some of the wells were
combined with 40ul phosphate buffer (10mM, pH 7.4) for a gain adjustment. The
samples, blank (ddH20) and a standard (Trolox) were added to the fluorescein wells
(10pl) and incubated for 15min at 37°C without shaking. The oxidation reaction was
initiated mixing 30ul of AAPH (120mM) manually with a multi-channel pipette into all
of the wells. Immediately the microplate was put into the POLARstar (BMG Labtech)
and measurement started by exciting the solution with 484nm and recording the
emission light at 520nm every minute for a time span of 100min. The area under the
fluorescence decaycurve (AUC) was calculated by normalized curves using the

following formula.

Where fO was the fluorescence reading at the initiation of the reaction and f99 was

the last measurement at minute 100.

2.4.5.4 Cellular antioxidant activity (CAA)

With this method the ability of the fish hydrolysates to prevent the formation of DCF
by 2,2'-azobis(2-amidinopropane) dihydrochloride (ABAP)-generated peroxyl
radicals in human hepatocarcinoma HepG2 cells was tested (Wolfe & Liu, 2007).
An intracellular antioxidant assay was performed on lumpfish hydrolysates using
HepG2 cells maintained in Minimum Essential Medium a (MEMa), supplemented
with 10% (v/v) heat-inactivated fetal bovine serum, penicillin (50 units/mL), and
streptomycin (50 pg/mL). Cells were incubated at 37 °C in a fully humidified
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environment under 5% CO2, and HepG2 cells at passage 80-100 were used for the
experiments. Cells were subcultured at 3-5 days intervals before reaching 90%
confluence. The assay was carried out after HepG2 cells reached a cell density of
6 x 10*/well using black 96-well plates (BD Falcon™) in 100 pL growth medium/well.
Twenty four hours after seeding, 100 puL of DCFH-DA probe (1 uM in HBSS) was
added to the cells and incubated at 37 °C in the dark for 30 min. Cells were then
treated with different concentrations of lumpfish hydrolysates and incubated for 1 h
at 37 °C. This was followed by the addition of 100 ul of AAPH (500 uM in HBSS) to
the cultured cells after removal of the test compounds. Fluorescence readings
(Aexcitation = 493 nm, Aemission = 527 nm) were recorded using the POLARstar
OPTIMA (BMG Labtech) every 10 min for 2 h after addition of AAPH. Each plate
included four replicates of control and blank wells: Blank wells contained cells
exposed to only the DCFH-DA probe. The control consisted of cells with DCFH-DA
probe and the AAPH peroxyl radical initiator added, but in the absence of test

compounds.

2.4.6 Antihypertensive assay: ACE inhibitory activity

This assay was done to determine a potential antihypertensive activity of fish
hydrolysates, where the conversion of the internally quenched fluorescent substrate
o-aminobenzoylglycyl-p-nitro-L-phenylalanyl-L-proline via ACE to the fluorescent
product o-aminobenzoylglycine could be used to monitor the mode of action with
the POLARstar (nature protocol). For quantifying the ACE activity in fish
hydrolysates, 20yl of sample and blank (50mM Tris-base buffer, pH 8.3 were
pipetted in a 96-well microplate and subsequently mixed with 10ul ACE solution (1
unit ACE vial mixed with 2ml 100mM Tris-base + 2uM ZnCl2, pH 8.3 and 2g glycerol
give 12.5mU/ml ACE). 170ul of pre-heated (37°C, 15min) 0.88mM substrate
working solution (N-[3-(2-Furyl)acryloyl]-Phe-Gly-Gly = FAPGG prepared in 50mM
Tris-base + 1.125M NaCl, pH 8.3) was added and thoroughly mixed with the
sample/ACE solution. The microplate was read with the POLARstar for 60min at

37°C with records every minute at 340nm.
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Asample

ACE inhibition (%) = (1 —

) - 100
blank

Where Ablank is the absorbance of the blank (50mM Tris-base buffer, pH 8.3) and
Asample is the absorbance of the sample 340nm.
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3 Results

3.1 Setting of enzymatic hydrolysis parameters

The parameters with a main influence on enzymatic hydrolysis were theoretically

analysed and a plan constructed with many variants. The enzymes used were all

granulated proteases from 2 different suppliers. Protamex, an endoprotease

complex from Bacillus type, was purchased from Novozymes (Protamex - Product

Sheet, 2001). Proteases M, a fungal acid protease from Aspergillus oryzae, and

Protease P, derived from Aspergillus melleus, were manufactured from Amano
Enzyme Inc. (Protease M "Amano”, 2003); (Protease P "Amano"6, 2003).

Tab.3.1: Listed are the parameters for enzymatic hydrolysis including enzyme type, time, pH-value,

enzyme substrate ratio [E/S] and temperature.

Enzyme Time [h] pH-value E/S Temperature [°C]
Protease M 1 5.5 1:100 40
Protease M 1 5.5 1:100 40
Protease M 3 5.5 1:50 50
Protease M 3 5.5 1:50 50
Protease M 12 4.5 1:50 35
Protease P 5.5 1:100 40
Protease P 3 5.5 1:50 50
Protease P 12 4.5 1:50 35
Protamex 5.5 1:100 40
Protamex 3 5.5 1:50 50
Protamex 12 4.5 1:50 35
Protease M + 2 5 1:50 45
Protease P

Protease M + 2 5 1:50 45
Protamex

Protease P + 12 4.5 1:50 35

Protamex
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The environmental conditions (pH-value and temperature) were chosen in regard to
the working range of the proteases and different enzyme substrate ratios (E/S) and

hydrolysis times were tested to determine the efficacy of the enzymes (Tab.3.1).

3.2 Protein analyses and determination of degree of hydrolysis

The biochemical analyses of lumpfish hydrolysate started after the enzymatic
hydrolysis and the first purification step via centrifugation with the measurement of
the protein content in solution. The sum of all organic nitrogen in the solution was
determined using the Kjeldahl method, where the protein content can be calculated
with a fish protein specific conversation factor. The results of the protein content in
the fish hydrolysate solution were necessary to be able to calculate the DH after
previous taken OPA measurements. Independently to the protein content in liquid
form of the sample, it was also taken from the lyophilized fish hydrolysates to be

able to calculate some bioactivity analysis results.

The longer hydrolyzed lumpfish samples (12h) with Protease M, Protease P and a
combination of Protease P and Protamex revealed a relatively high DH of nearly
50%. Protease M and Protease P digestions over 3h and enzyme combinations for
2h showed a degree of hydrolysis of around 30-40%. The single Protamex
hydrolysed samples, except Protamex 12h, and all other variants with 1h hydrolysis
appeared to have a low hydrolysing potential with a DH of approximately 20% and

below.

The protein analyses resulted in contents from 2.09 — 5.14% in liquid samples and
77.5—-90.3% protein in the freeze dried lumpfish hydrolysates. The protein contents
wet and dry did not relate to any enzyme type or hydrolysis time, respectively. There
was also no obvious relation between protein content and degree of hydrolysis
(Tab.3.2).
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Tab.3.2: Shown are the corresponding protein contents and the degree of hydrolysis of the enzyme
variant as a function of time, whereby protein content wet is referring to Kjeldahl digestion and protein
content dry was observed with Dumas method. The table is ordered beginning with the sample with the
highest DH.

Protein content Protein content DH [%)]
Enzyme/time variant

wet [%0] dry [%0]
Protease M 12h 3.98 88.3 48.4
Protease P 12h 3.96 90 46.4
Protease P + Protamex 12h | 5.14 90.3 44.7
Protease P 3h 5.11 88 39.7
Protease M + Protease P 2h | 3.98 87 36.9
Protease M 3h 3.16 84.9 34
Protease M + Protamex 2h | 3.52 85.2 32.7
Protamex 12h 4.39 89.5 31.9
Protease P 1h 3.47 85 23
Protamex 3h 3.69 87.2 20.7
Protease M 1h 2.09 77.5 16.8
Protamex 1h 2.69 84.8 14.7

3.3 Chromatographic profiling of lumpfish hydrolysates

3.3.1 Peptide size estimation via FPLC

The hydrolysed and ultrafiltered (<3kDa) lumpfish samples were examined after
lyophilisation for their yielding peptide size fractions. Size exclusion chromatography
with a column suitable for peptides between 100 — 7000Da was applied on the
AKTApurifier™ System. The hydrolysate powders were again liquidized, filtered and
manually injected into a 1ml loop. The FPLC runs were performed with 0.5ml/min

flow rate and peptide bond response recorded at 220 and 280nm.

As a representative extract of all 3 used enzymes, depicts Protease P the
differences in received peptide sizes after 1h, 3h and overnight (12h) hydrolysis.
The UV detector signals at 280nm generated distinctive curves within each sample
run. Peptides produced after 1h hydrolysis were the first coming off the size

exclusion column indicated in an rising peak after 10ml of flow through.
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Subsequently the 3h Protease P variant appeared on the screen with a much higher
later peak after 28ml passed mobile phase than the 1h variant. Similar shapes to
the 3h sample, but with almost no absorbance value at 28ml, were observed with
12h hydrolysis (Fig.3.1).

Protease P
1900
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1300
1100 —1h
900 —3N

/ —12h
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500 / / n
0 /] A H
/) A

S/ UA

T
-100 ¢ 10 20 30 40 50
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Fig.3.1: The graph illustrates the distinctive curves observed with Protease P hydrolysis after 1h, 3h and
12h. In green the curve with the 1h variant showing a comparative early peptide elution with a weaker
absorbance when coming to the end of the run. The red line presents the absorbance values at 220nm
of the hydrolyzed lumpfish after 3h with a standing out peak after around 28ml flow volume. A hydrolysis
with Protease P for 12h (black) behaved on the AKTA system similar to the 3h variant.

The differences in peptide generation on lumpfish muscle proteins within the used
proteases have been made visible with an overlay of the 3h enzyme variants.
Protamex revealed the earliest (~10ml) and strongest (~15ml) peptide signals at
220nm with smaller peaks in the end of the chromatographic run. Protease P and
Protease M shared nearly the same curve behaviour indicating a peptide
composition with similar sized amino acids chains. Referring to the general size
exclusion principle (Chapter 1.6.3), which states that the bigger particles will not
enter the beads and therefore coming off the column earlier, it can be assumed that
Protamex produced bigger peptides due to the comparative high absorbance values
(2100mAU) in the end of the first third of the run (13 — 17ml) (Fig.3.2).
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Fig.3.2: Fig.3.2: The graphical overlay gives a first impression of the cutting pattern of Protamex,
Protease P and Protease M after 3h hydrolysis on lumpfish muscle proteins. Protease M and Protease
P presented with a black and a green curve showed similarity in their chromatographic profile with a
relatively late peptide elution. To the contrary is the in red indicated Protamex curve characterized by
an early and high absorbance.

3.3.2 Hydrophobic interaction profile of peptides based on RP - HPLC

For figuring out the hydrophobicity of the peptides from the various lumpfish
hydrolysates a reversed — phase HPLC was performed. Similar to FPLC was the
hydrolysate powder dissolved in buffer, injected into a 20pl loop and loaded onto a
Cis column. The hydrophobic interacting peptides were eluted with an acetonitrile —
TFA water mixture (75:25) using a linear gradient from 5-50%. In conjunction with
the elution gradient contributed a constant flow rate of 1ml/min and 120min retention
time to an adequate peak distribution with a high resolution. The UV measurements
were taken at 220nm and known peptide standards served as a chromatographic
ruler for the samples (Fig.3.3).
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Fig.3.3: Thered line of the chromatogram depicts the occurred peaks absorbed from the UV-VIS detector
at 220nm from known peptides. The various peptides range from dipeptides to peptides with 8 amino
acids. The blue line indicates the set gradient of the organic phase (solvent B in %) GLY-TYR = 238.2Da,
VAL-TYR-VAL = 379.5Da, Leucine Enkephalin (TYR-GLY-GLY-PHE-LEU) = 555.6Da, Methionine
Enkephalin Acetate (TYR-GLY-GLY-PHE-MET) = 573.7Da, Angiotensin Il Acetate (ASP-ARG-VAL-TYR-
ILE-HIS-PRO-PHE) = 1046.2Da.

To see the influence of hydrolysis time on the peptide generation, Protease M was
used as a representative example for all enzymes. It was generally observed that
the 1h variants didn’t show much absorbance at all. One higher peak (350mAU)
after around 6min and 3 smaller deflections at 12, 15 and 37min (~100mAU) were
specifically obtained with Protease M 1h. The variant with 3h hydrolysis revealed a
rather high absorbance at 220nm on 2 distinctive peaks after 14min (450mAU) and
33min (250mAU). Two equally high peaks (450mAU) were recorded with Protease
M hydrolysed for 12h after 15 and 38min retention time indicating a comparatively

huge amount of small hydrophobic peptides (Fig.3.4).

The different cutting pattern of Protease M, Protease P and Protamex on lumpfish
muscle proteins was also detected with reversed-phase liquid chromatography. A
graph comparing the chromatographic profiles of 3h hydrolysed samples is
illustrating the significant difference, especially of Protamex versus the others
(Fig.3.5).
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Fig.3.4: The curves gained with RP-HPLC are representing peptide fractions mainly according to their
hydrophobic potential and partly to the size. The chromatographic profile obtained with Protease M is
reflecting a general trend among other enzymes of few hydrophobic peptides after 1h hydrolysis (black
line) and significant more peptide signals after 3h and 12h hydrolysis (red and green line).
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Fig.3.5: The different cutting pattern of the proteases after 3h hydrolysis is shown in this illustration.
Protamex recordings (black) disclose with weak signals along the run a minor amount of hydrophobic
peptides. Higher UV-Vis deflections at Protease P and Protease M may portend to more and stronger
hydrophobic amino acids in the peptide chain.
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Lumpfish powder hydrolysed with Protamex signalled only low absorbance values
(~50-100mAU) on the hydrophobic HPLC column. By contrast Protease M and
Protease P achieved similar high and well distributed peaks at around 15 and 35min
(250-450mAU). The unsteady UV deflections and barely distributed peaks between
3 —5min were an indication for hydrophilic or neutral peptides and other compounds
with an absorbance spectrum at 220nm, which were not interacting with the

hydrophobic stationary phase and thus washed out at first.

3.4 Antioxidant potential of lumpfish hydrolysates

3.4.1 Affinity of hydrolysates to bind iron

In order to determine secondary antioxidant ability of lumpfish hydrolysates ferrous
was used as chelating metal. Unlike to direct antioxidants is the mechanism of
secondary antioxidants not determined by forming more stable products with free
radicals, but rather slowing down the oxidation rate of metal prooxidants by building

complexes (Konci¢, Barbari¢, Perkovi¢, & Zorc, 2011).
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Fig.3.6: This figure illustrates the ability of lumpfish hydrolysates to form complexes with iron and thus
acting as a secondary antioxidant. The samples with the highest metal chelating were Protease M and
Protease P 12h with neglectable standard deviations.

All lumpfish samples were able to chelate iron to a certain extend. The highest metal

chelating ability was observed after 12h hydrolysis with Protease P (~90%) and
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Protease M (~65%). The affinity of samples hydrolysed with Protamex 12h for
ferrous ions was relatively low in comparison to the other proteases. Interestingly all
3h variants showed the lowest and nearly the same iron chelating ability in the
analysis. A little bit better chelators than 3h samples seem to be the fish powders
hydrolysed for 1h displaying a metal chelating ability of around 40% (Fig.3.6).

3.4.2 Ability of hydrolysates to reduce DPPH

DPPH is a representative free radical to those in the human body and due to its high
molar extinction coefficient at 520nm a useable tool to determine free radical
scavenging ability of hydrolysates. After reaction between DPPH and a potential
antioxidant the colour of the solution diminishes and the difference is recordable

with a spectrophotometer.
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Fig.3.7: The ability to scavenge DPPH free radicals is presented in this bar chart. It shows an overall
trend that shorter hydrolysed lumpfish muscle proteins, indifferent to the protease, review a stronger
radical scavenging ability to DPPH than extended hydrolysis.

Investigated lumpfish samples with a hydrolysis time for 1h demonstrated
remarkable DPPH radical scavenging ability higher than 50%. The antioxidant
potential for DPPH went gradually downhill with expanded hydrolysis time. The
reducing ability of hydrolysates towards the free radical was equally strong within

the used enzymes (Fig.3.7).
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3.4.3 Capacity of hydrolysates to absorb free radicals

The oxygen radical absorbance capacity of hydrolysates was determined with
artificially generated peroxyl radicals from AAPH. These radicals react with a
fluorescent probe over a specific time manner thereby loosing intensity of
fluorescence, which indicates the damage on the fluorescent substance triggered
by the peroxyl radical. Trolox, water soluble derivate of vitamin E, functions in that

assay as standard and relational magnitude as a very strong antioxidant.
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Fig.3.8: The capacity of lumpfish peptides to absorb oxygen radicals is illustrated in this graph with
implicated standard deviation. In green the overnight variant (12h), red symbolizes 3h hydrolysis and
blue 1h. The ORAC value is defined as pmol trolox equivalent per gram protein.

Conversely to the DPPH scavenging ability revealed the 1h variants the lowest
antioxidant effect in the ORAC assay. The highest values were obtained from
Protease P 3h and Protease M 12h, where approximately 550umol trolox is needed
to achieve the same radical absorbance capacity as 1g of protein. The samples
hydrolysed with Protamex could not reach the same high antioxidant effect as the
Amano proteases and thus characterized as relatively weak oxygen radical

absorbing peptide powders (Fig.3.8).
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3.4.4 Antioxidant activity of hydrolysates in human liver carcinoma cells
This assay measures the ability of hydrolysates to prevent the oxidation of DCFH-
DA to highly fluorescent DCF induced by free radicals in human hepatocarcinoma
HepG2 cells. The antioxidant effect of the hydrolysates is proportional to the
generated fluorescent intensity. The higher the fluorescent signal the lower the
antioxidant potential of the sample (Cell Biolabs, Inc., 2013).

Inhibition of ROS in HepG2 cells
120

100 -

80 -

60 -

40 -
20 | I I

Blank Protease M Protease M Protease M Protease P Trolox
1h 3h 12h 3h

Cellular antioxidant activity [%]

o

Fig.3.9: Effect on intracellular ROS level induced by AAPH in HepG2 cells by samples PM 3h, PM o/n,
PP 3h and PM 1h. Blank consisted of cells exposed to only the DCFH-DA probe. The control consisted
of cells with the DCFH-DA probe and the AAPH peroxyl radical initiator but in the absence of lumpfish
hydrolysate (CAA = 0%, not shown). Trolox was used as positive reference substance with an excellent
antioxidant activity (108% if assuming that blank is 100%).

Four of the lumpfish hydrolysate samples were tested for cellular antioxidant activity.
Thereby showed Protease M 12h the highest antioxidant activity with 41% inhibited
ROS radicals. In comparison to Protease P generated a 3h hydrolysis with Protease
M more cellular antioxidant peptides. The effect of the strong antioxidant Trolox was

equitable to the blank.

3.5 Antihypertensive potential of hydrolysates via ACE inhibition

The principle of this method lies in the hydrolysis of the intramolecular quenched
tripeptide o-aminobenzoylglycyl-p-nitro-L-phenylalanyl-L-proline via the action of
ACE to the fluorescent product o-aminobenzoylglycine.
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Tab.3.3: The effectiveness of lumpfish hydrolysates to inhibit ACE to 50%.
Enzyme variant ICso0 [mg/ml]
Protease P 3h 25%0.0
Protease M 3h 40+0.1
Protease M 12h | 4.2+0.0
Protease M 1h 7.6+04

The reaction can be kinetically recorded at 340nm. For ACE inhibitory activity the
same 4 sample as for CAA were tested. A enzymatic hydrolysis with Protease P for
3h may produced peptides with a comparative high ACE inhibitory potential (ICso =
2.5), whereas Protease M hydrolysates couldn’t reach such a low half maximal

inhibitory concentration.
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4 Discussion

Lumpfish protein hydrolysate shows antioxidant and antihypertensive properties.
The bioactivity of the hydrolysate was primarily triggered by small peptides produced
via enzymatic hydrolysis (Najafian & Babji, 2011). The type of enzyme, the degree
of hydrolysis and finally the resulting peptide size and composition were the
observed and documented influencing variables on the bioactive effects of the

lumpfish hydrolysate.

An extended hydrolysis time led to a higher degree of hydrolysis, which was
noticeable for all applied proteases. In spite of the fact, that the enzymes were all
mainly developed for hydrolysis of food proteins, clearly visible differences in DH
and bioactivity could be found. Protamex generated the lowest DH in all time frames
(1h, 3h, and 12h) compared to the others. It turned out that Protease P had the
highest reaction rate in catalysing lumpfish muscle proteins into smaller peptide
units. With regard of the enzyme activity range it was surprising that the slightly
alkaline Protease P showed better hydrolysing properties than the more acidic
Protease M, since, except for the overnight (12h) variant, the pH during hydrolysis
was adjusted to 5.5. An attempt to accelerate the time of hydrolysis by using 2
enzymes in combination was achieved with Protease M + Protease P 2h comparing
with Protease M 3h. Taking the enzyme reaction curve into consideration it can be
concluded that the enzyme efficacy is declining with time, which may reason from a

lower substrate concentration in the end of the hydrolysis.

Assays performed to check potential antioxidant activity in lumpfish hydrolysate
showed throughout positive results. By reason of plenty established antioxidant
assays with different measuring principles, a broad range of indicatory antioxidant
effects on lumpfish hydrolysate could be generated. Hydrolysates produced with
Protease M and Protease P overnight (12h) were the most suitable to form
complexes with ferrous and thus temporary inactivated reactive iron. Unlike the
remarkable metal chelating ability of longer hydrolysed samples, the 1h variants

demonstrated the comparative best DPPH radical scavenging properties. ORAC,
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another in vitro assay, confirmed differences in antioxidant activity within enzymes

and disproved a linear correlation between DH and antioxidant intensity. A few

samples were tested for in vivo (HepG2 cells) antioxidant effects and revealed up

to 59% ROS inhibition (Protease M 12h), which is encouraging for preclinical

studies.

Tab.4.1: All tested variants with their corresponding degree of hydrolysis and bioactivity.
DH (degree of hydrolysis), MC (metal chelating activity), DPPH (DPPH radical scavenging capacity),

ORAC value (oxygen radical absorbance capacity), CAA (cellular antioxidant activity),
ACE (angiotensin-converting enzyme inhibitory activity)
Enzyme variant | DH [%] | MC [%] | DPPH [%] | ORAC CAA [%] | ACE
value [1Cs0]
Protease M 1h 16.8 36.7 51.8 362 30 7.6
Protease P 1h 23 42.8 50.2 464.7
Protamex 1h 14.7 35.7 52.6 369.1
Protease M 3h 34 24.7 38.4 476.7 47 4.0
Protease P 3h 39.7 32.1 46.7 561.7 31 2.5
Protamex 3h 20.7 27.7 46.3 429
Protease M 12h | 48.4 63.6 31.2 527..3 59 4.2
Protease P 12h 46.4 88.4 31.9 453.9
Protamex 12h 31.9 28.9 33.8 435.4
Protease M +|36.9 33.8 37.2 474.6
Protease P 2h
Protease M +|32.7 31.1 45.1 448.9
Protamex 2h
Protease P + |44.7 58.1 32.1 494 .2

Protamex 12h

Peptides derived from lumpfish showed not only antioxidant activity, but also blood

pressure lowering potential by inhibiting angiotensin-converting enzyme (ACE). An

application rate of 2.5mg/ml of Protease P 3h could inhibit ACE to 50%, which was

alike to the ORAC results the most effective sample (Tab.4.1).
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For having more insights into the hydrolysate composition liquid chromatography
was used to detect possible reasons for the measured bioactivity results. The size
exclusion results (Fig.3.1, 3.2) performed with FPLC uncovered differences in
enzymes used and hydrolysis time, whereas 1h variants and Protamex samples
started earlier with the peak formation indicating larger peptides. Especially
Protease M and Protease P created more and higher peaks in the end of the run
symbolizing a higher concentration of smaller peptides in the hydrolysate. This
discovery allows the assumption that a sample with a higher degree of hydrolysis

most likely also had a higher amount of small peptides.

A combination of hydrophobic properties and molecular weights estimation was
figured out on the fish hydrolysate peptides with RP — HPLC. Due to the fact that for
example tripeptides consisting of 3 strongly hydrophobic amino acids would come
off the column earlier than hydrophilic dipeptides and vice versa made a clear size
determination not possible. Nevertheless a difference between the enzymes and the
hydrolysis time was once more evident. Protease M and Protease P resulted
distinctive and well separated peaks, when comparing with standards, with peptides
around 200 — 400Da, whereas Protamex could not obtain peaks with such a high
absorbance. Nearly the same case was observed with the hydrolysis times, where
the 1h variant recorded relatively low peaks in comparison to 3h and 12h hydrolysed

samples.

The chromatographic results proved the preferred efficacy of Protease M and
Protease P verses Protamex of producing smaller, more hydrophobic and
tendentially peptides with a higher antioxidant activity. In addition, it can be stated

that in most cases 1h hydrolysis correlated bigger peptides with weak bioactivity.
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