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1 UVOD

Ptirodni polyfenolické latky jsou sekundarni metabolity rostlin, které se
vyskytuji téméef ve vSech rostlinnych surovinach urcenych pro lidskou vyzivu.
Vyznacuji se riznymi vlastnostmi, které mohou mit pozitivni vliv na lidské zdravi.
Jednd se zejména o antioxidacni, protizanétlivé, antikarcinogenni a mnoh¢ dalsi
ucinky. Sohledem na tyto pozitivni ucinky se polyfenoly mohou pouzivat
V potravinafstvi. Maji potencial nahradit syntetické antioxidanty, které se ptidavaji do
potravin pro potlaceni oxidacnich procesu, jejichz nezadouci produkty mohou
negativné ovliviiovat senzorické I nutri¢ni vlastnosti vyrobkl a nasledné¢ mohou mit

I negativni dopad na zdravi lidi.

V ptirod¢ lze nalézt mnoho rostlinnych zdrojl, které jsou pro ziskavani, resp.
extrakci polyfenoltt vhodné. Jedna se napt. o odpadni nebo vedlejsi produkty
vznikajici pfi zpracovani ovoce, zeleniny, zrnin ¢i bylin. Tyto odpady jsou tvofeny
vétSinou nekonzumovatelnymi ¢astmi rostlin, vV nichZ je obsah polyfenolit mnohdy
vy$$i nez v ¢asti konzumovatelné. VyuZivani vedlejSich rostlinnych produkti jako
zdroje polyfenoltl v potravinafstvi ma tu vyhodu, Ze se z potravinového fetézce tyto

latky neztraceji.

Suroviny bohaté na polyfenoly mohou byt do potravin pfidavany Vv riznych
formach, jako Ccisté sypké extrakty, mlety praSek (mouka) nebo vodné vyluhy.
V piipadé pfidani namleté suroviny nejsou piidavany jen polyfenoly, ale také jiné
technologicky a nutriéné prospé$né latky, napt. vlaknina. Ruzné formy surovin
s polyfenoly mohou nicméné ovlivnit senzorické vlastnosti, které jsou spolu s cenou
pro zakaznika stéZejnim kritériem pro vybér potravin. Z téchto duvoda je dulezité
ovetit pti tvorbeé receptury, jakd forma a mnozstvi bude u¢inné a zaroven negativné

neovlivni nékteré vlastnosti potravin, které by pak mohly konzumenty odradit.



2 LITERARNI PREHLED
2.1 ANTIOXIDANTY — CHARAKTERISTIKA A ROZDELENI

Antioxidanty (AO) jsou Sirokou skupinou latek, které maji spolecné vlastnosti.
Existuje pro né¢ mnoho definici, které¢ jsou rizné vhodné pro razné¢ védni obory.
Halliwell (2007) definuje AO jako jakoukoliv latku, ktera oddaluje, zabranuje ¢i
odstraniuje oxidacni posSkozeni cilové molekuly. V této souvislosti pojem cilové
molekuly zahrnuje primarné proteiny, lipidy, polysacharidy ¢i latky nesouci dédi¢nou
jakoukoliv latku, ktera ptimo zachytava reaktivni formy kysliku nebo nepiimo ptisobi
jako pozitivni regulator antioxida¢ni obrany nebo inhibuje produkci reaktivnich forem
kysliku. Tyto dvé definice najdou uplatnéni spiSe v biologickych védach. Z pohledu
potravindiského vSak muize byt AO latkou, kterd prodluzuje trvanlivost potravin

a oddaluje zhorSovani kvality zptisobené oxidaci (Sindhi et al., 2013).

AO jsou velmi riznorodou skupinou latek, u kterych se Ize setkat jak s nizkou
(desitky az stovky Da, napt. gallova kyselina), tak s vysokou (desitky tisic Da, napft.
glutathion peroxidasa) molekulovou hmotnosti. V literatuie se vyskytuje pocetné
mnozstvi déleni AO, podle riznych hledisek. Jednim z nejcastéji pouzivanych
rozdéleni AO je dle jejich enzymatické povahy: na enzymatické a neenzymatické. Toto

rozdé€leni je znazornéno na obrazku 1.

AO se také Casto deli podle toho, zda se mohou tvofit vV zivo¢isném organismu.
Ty, které jsou takto syntetizovany, se nazyvaji endogenni a patfi mezi n¢ superoxid
dismutasa, katalasa ¢i albumin aj. Druhou skupinou jsou exogenni AO, které zivo¢isny
organismus neni schopen syntetizovat. Mezi né se fadi napf. o-tokoferol nebo

flavonoidy (Pisoschi a Negulescu, 2011).

Velkou fadu AO je také mozné vyrabét prumysloveé, proto se lze setkat
s délenim na syntetické (butylovany hydroxytoluen, trolox aj.) a pfirodni, kam se fadi
zna¢na cast AO (Augustyniak et al., 2010).



Obrazek 1. Schématické rozdéleni antioxidantu.

Enzymatické

Primarni enzymy

superoxid dismutasa, katalasa,

glutathion peroxidasa

Antioxidanty

Sekundarni enzymy

glutathion reduktasa, glukosa
6-fosfat dehydrogenasa

Neenzymatické

Mineralni latky
zinek, selen

Karotenoidy

B-karoten, lykopen, lutein,
zeaxantin

Vitaminy
vitamin A, C, E, K

Organosirné latky
allyl sulfid, indoly

Nizkomolekularni
antioxidanty

glutathion, moc¢ova kyselina,
bilirubin

Polyfenolické
antioxidanty

viz obrazek 3

Antioxida¢ni
kofaktory

koenzym Q,,

Proteiny

feritin, transferin, laktoferin,
albumin

Ostatni

ethylendiamintetraoctova
kyselina a jeji soli, oxid
sificity a soli

Zdroj: upraveno podle Elias et al., 2008 a Shalaby a Shanab, 2013. Sedé vyzna¢ené
skupiny maji potravinai'ské uplatnéni.
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Z potravinafského hlediska je pomérné dilezité déleni podle mechanismu
ucinku, na zaklad¢ kterého se rozd¢€luji do Ctyi skupin (Velisek a Hajslova, 2009), a to

na:

1) primarni,
2) sekundarni,
3) sekvestranty a

4) lapace kysliku.

V prvnim piipadé, tedy u primarnich AO, dochazi k tomu, Ze latka reaguje
s volnym radikalem, napi. peroxylovym (ROO¢; vice o volnych radikalech v kapitole
2.2.2) tim zptsobem, Zze mu preda vodik, ¢imz jej prevadi do méné reaktivni formy,
napt. na hydroperoxidy (ROOH). V tomto okamziku ptechazi sam AO do radikalové
Kk pferuseni fetézové reakce. Timto zptisobem dochazi K tzv. zhaseni volnych radikalu.
(Jomova et al., 2014). Z potravinaiského hlediska je tato skupina AO velmi dilezita
a radi se mezi n¢ L-askorbova kyselina, polyfenolické latky, tokoferoly, karotenoidy

a dal$i. Mechanismus ptisobeni primarnich AO lze vyjadfit touto rovnici:

AHantioxidant) + ROO* — A (radikal antioxidantu) + ROOH

Sekundarni AO jsou schopné odstranovat jiz vzniklé hydroperoxidy (ROOH)
a pfemeénovat je na méne¢ reaktivni formy (organické hydroxidy, ROH) za vzniku vody.
Sekundarnim AO je napf. tripeptid glutathion (GSH) a s nim souvisejici enzymy
glutathion peroxidasa a glutathion reduktasa. Glutathion a jeho enzymaticky systém
odstranuji hydroperoxidy (ROOH) tak, ze je pfeménuji na méné reaktivni formy
(organické hydroxidy) za vzniku vody a glutathion dislufidu (GSSH). Tyto AO jsou
vSak 0€inné pouze V sSyrovém materidlu a neuplatiiuji se v potravinaiské vyrobé
(Tolinski, 2015; Stratil a Kuban, 2018). Mimo jiné patii do této skupiny methionin.
Mechanismus pasobeni glutathionu je znazornén rovnici:

Glutathion reduktasa

ROOH + 2GSH ——" "% ROH + H,0 + GSSH

Glutathion reduktasa

GSSH + H" + NADPH 2GSH + NADP?*
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Sekvestranty, Cili chelatacni Cinidla, dokézi poutat ionty ptfechodnych kovi
s prooxidac¢nimi vlastnostmi do komplexii (chelatlt), ¢imz je pievedou do neaktivni
formy. Negativni ucinky pfechodnych kovl, zejména médi a Zeleza, spocivaji
predevS§im v jejich prooxida¢nich vlastnostech, které mohou vést k nezadoucim
zméndm v potravinach, jako je zhorSeni barvy a chuti. Nejznaméjsim sekvestrantem
je ethylendiamintetraoctova kyselina (EDTA) a jeji soli, disodné, disodno-vapenaté
nebo disodno-draselné (obrazek 2). Dalsim piikladem sekvestranti je citronova
kyselina, polyfenoly ¢i polyfosfaty (Damodaran et al., 2008; Wei et al., 2016).
V potravinafstvi jsou velmi vyznamné, pouzivaji se do majonéz nebo nékterych
pomazanek.

Obrazek 2. Schématické zobrazeni antioxida¢niho uéinku disodno draselné
soli ethylendiamintetraoctové kyseliny.
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Posledni skupinou AO jsou lapace kysliku. Jsou to latky, které pfimo reaguji
s kyslikem a vytvéreji s nim slouceniny. Nejvyznamnégj$im lapacem kysliku je oxid
sifi¢ity, ktery reaguje s vodou za vzniku kyseliny sifi¢ité. Po disociaci reaguje vznikly
sifi¢itan s rozpusténym kyslikem za vzniku siranu (Dvofték et al., 2006). Sifi¢itany se
pouzivaji pfevazné ve vinafstvi, pivnim pramyslu, ale i do suSeného ovoce.

Mechanismus jejich ptisobeni je vyjadien nasledujici rovnici:

2S03% + 0, — 2S04*
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2.2 POLYFENOLICKE ANTIOXIDANTY

Tato préace je zaméiena na polyfenolické AO, a proto jim bude vénovana veétsi
pozornost a budou popsany vice do detailu. Je to skupina latek, ktera je v rostlinné fisi
velmi rozsifena a ma zajimavé chemické a biologické vlastnosti, které lze vyuzit
V potravinaiské vyrobé. Dal§im divodem je i1 to, ze oproti n€kterym vitaminim
s antioxida¢nimi vlastnostmi (vitamin C a E) nejsou tak dobfe popsany

a prozkoumany.

2.2.1 Charakteristika a rozdéleni

V rostlinach bylo identifikovdno n¢kolik tisic molekul, které maji
polyhydroxyfenolickou strukturu, tedy nékolik hydroxylovych skupin na
aromatickych jadrech (Hartmatha, 2005). Podle chemické struktury lze rozlisit tyto
skupiny: fenolické kyseliny, flavonoidy, stilbeny, lignany, taniny nebo kurkuminoidy
(Manach et al., 2004), viz obrazek 3. VSechny vyjmenované skupiny latek se dnes
souhrnné oznacuji jako polyfenoly (Williamson, 2017). Do polyfenolickych AO se
mohou tadit také fenolické diterpeny (Bafio et al., 2003).

13



Obrazek 3. Rozdéleni polyfenolickych antioxidantd.

Derivaty hydroxybenzoové kyseliny Flavonoly
- gallova, hyd;g?g’ﬁ;giﬁg‘;i’ vanillova, kvercetin, kaempferol, isorhamnetin, rutin
Fenolické P
kyseliny
Derivaty hydroxyskoticové kyseliny Flavanonoly
kumarova, kavova, ferulova, chlorogenova taxifolin. aromadendrin
Stilbeny
resveratrol Flavony

apigenin, chrysin, luteolin

Pfirodni Flavonoidy

Flavanoly (katechiny)

(+)-katechin, (-)-epikatechin,
(-)-epikatechin-3- gallat, (-)-epigallokatechin

Kurkuminoidy
kurkumin, demetoxykurkumin

Lignany

koniferyl alkohol, pinoresinol

Flavanony
naringenin, naringin, hesperetin

Polyfenolické

antioxidanty Hydrolyzovatelné Anthokyanidiny
Taniny ellagitaniny, gallotaniny kyanidin, delfinidin, prodelfinidin, malvidin,
pelargonidin
Kondenzované
(proanthokyanidiny) Isoflavonoidy
Syntetické mono- az polymery epikatechinu genistein, diadzein, genistin

butylovany
hydroxytoluen

propyllgalat

Ostatni

chalkony, dihydrochalkony,
fenolické diterpeny, neoflavonoidy
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Vyskyt polyfenolt v rostlinach je tzce spjat s aminokyselinou fenylalanin,
ktera vznika v tzv. Sikimatové cesté. Fenylalanin poté vstupuje do tzv. fenylpropanové
drahy, kde po deaminaci vznika skoficova kyselina a ta naslednymi reakcemi dava

vznik tisictim rtiznych fenolickych latek (Chouhan et al., 2017).

Polyfenolické AO se nasledné déli do mnoha skupin (obrazek 4) podle typu
chemické struktury, kterd se nazyva skelet. Nejjednodussi Sestiuhlikaty skelet Ce-Cy
derivaty hydroxyskoficové kyseliny. Spojenim Ce-C3-Cs vznikaji flavonoidy,
spojenim Cg-C4-Ce nékteré lignany. Velice komplikované struktury pak vznikaji
spojenim raznych skeletl, jako jsou kondenzované taniny, napi. prokyanidin B2

vznika spojenim dvou jednotek se skeletem Cs-C3-Cs (Harmatha, 2005; Tsao, 2010).

15



Obrazek 4. Chemické struktury polyfenolickych antioxidantt.

OH

HO

o HO \ o
HO HO
A OH
Derivat hydroxybenzoové Derivat hydroxyskoticové
kyseliny: gallova kyselina kyseliny: kavova kyselina

Lignan: secoisolariciresinol

HO
O = OH

OH

Stilben: resveratrol
o] (o]

N NN
HO OH

o]

Flavonoid: kvercetin

o]
™~ Kurkuminoid: kurkumin -

OH

OH

OH

OH

Kondenzovany tannin:
prokyanidin B2

Hydrolygoovatelny tannin:
terflavin B

Flavonoidy jsou nejrozsifen¢jSim zastupcem polyfenolld a jsou piitomné ve
veétsing rostlinnych zdroji. Jejich struktura vychazi z 15uhlikatého Cs-C3-Cs flavanu
a je reprezentovana dvéma benzenovymi kruhy A a B, spojenymi heterocyklickym
trojuhlikatym kruhem C (obrazek 5). Flavan je proto zékladnim meziproduktem pii
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syntéze dalSich druht flavonoidd. Velka diverzita této skupiny pak vyplyva z poctu
a polohy hydroxylovych, methylovych a methoxylovych skupin, dale miize dochazet
az k polymeraci a velmi ¢asto i k O-glykosylaci, tedy k navazani necukerného
flavonoidu (aglykonu) na cukernou (glykosidickou) ¢ast. Glykosidické ¢asti mohou
byt pfevazné monosacharidy, jako D-glukosa, L-rhamnosa, galaktosa, arabinosa ¢i
disacharid rutinosa (Dugas et al., 2000; Tapas et al., 2008; Chouhan et al., 2017; Wang
etal., 2018).

Obrézek 5. Chemicka struktura flavanu, zékladni stavebni jednotky flavonoidd.

Diky velké rozmanitosti v chemické struktufe se flavonoidy déli na flavonoly,
flavanonoly, flavony, flavanoly (katechiny), flavanony, anthokyanidiny
a isoflavonoidy (Shahidi a Ambigaipalan, 2015). Dale se mohou mezi flavonoidy fadit
i méné casté neoflavonoidy, které nejsou odvozeny od flavanu, a chalkony
s otevienym C kruhem (Tsao, 2010). Néktere latky z téchto skupin jsou V rostlinné tisi
velmi rozsifené a nékteré jsou omezeny pouze na urcitou taxonomickou kategorii,
napiiklad luskoviny jsou typické vysokym obsahem isoflavonoidi (Panche et al.,

2016).

Z hlediska mechanismu puisobeni jsou polyfenoly fazeny mezi primarni AO,
protoze jsou schopné prevadét volné radikdly do neaktivni formy a také mezi
sekvestranty, protoze dokazi vytvaret komplexy s prooxidacné

pusobicimi piechodnymi kovy (Leopoldini et al., 2011).

Jako priméarni AO pusobi tak, ze ptedaji radikdlu napt. peroxylovému (ROQO¢)
vodik, ¢imZ vznikd méné reaktivni hydroperoxid (ROOH). Nizka reaktivita vzniklého
(fenoxyl) radikalu vychazi z delokalizace neparového elektronu okolo aromatického
kruhu. Tento jev se nazyva stabilizace resonanci (Shahidi a Ambigaipalan, 2015).

Mechanismus antioxida¢niho G¢inku polyfenold je znazornén na obrazku 6.

17



Obrazek 6. Schématické zobrazeni antioxida¢niho u¢inku kvercetinu.
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Jak uvadi Rice-Evans et al. (1996), antioxida¢ni aktivita (AOA) je ovlivnéna
strukturou latky, resp. poctem, ale i polohou hydroxylovych skupin a dvojnych vazeb.
Napiiklad kvercetin ma zhruba dvojnasobnou in vitro AOA oproti katechinu, a to
1 pfesto, ze oba tyto flavonoidy maji stejny pocet i polohu (na uhlicich 3, 5, 7, 3¢, 4°)
hydroxylovych skupin. Kvercetin, na rozdil od katechinu, ma vsak v C kruhu dvojnou
vazbu mezi 2. a 3. uhlikem a také 4-oxoskupinu. To poukazuje na dulezitost
ptitomnosti dvojné vazby v C kruhu, ktera umoznuje delokalizaci elektronu v tomto
kruhu, ¢imz se stabilizuje vznikly radikal AO. Vyssi AOA nez ma kvercetin
vykazovaly jen epikatechin gallat a epigallokatechin gallat, které maji 8, resp. 9
hydroxylovych skupin. Na AOA ma vliv 1 pfitomnost glykosidické ¢asti. Napiiklad
glykosylace kvercetinu na uhliku 3 v kruhu C, jako je tomu u rutinu, vyznamné snizuje

schopnost zhaSet volné radikély (Pietta, 2000).

2.2.2 Vyznam polyfenolickych antioxidantu

Jak jiz bylo uvedeno, polyfenolické AO jsou sekundarni rostlinné metabolity,
a pravé v rostlinném organismu plni tyto latky mnohé funkce. Primarni ulohou je
ochrana rostlin proti plisnim, bylozravciim, patogentim a oxida¢nimu stresu, protoze
funguji jako UV filtr ve slupkéch, kde jsou ptfitomny v nejvysSich koncentracich.
Polyfenoly také ptsobi jako stimulant, ktery pfitahuje hmyz ke zdroji potravy
a k opyleni rostliny. Nazornym ptikladem jsou anthokyany zbarvujici kvéty ¢i plody
ovoce a zeleniny od ¢ervené pres rizovou a fialovou po modrou (Cook a Samman,

1996; Stevanato et al., 2014). Z hlediska senzorickych vjemu jsou nékteré polyfenoly
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zodpovédné i za trpkost a hotkost konzumovanych ¢asti rostlin ¢i z nich vyrobenych

produktu (Troszynska et al., 2010).

Se senzorickymi vlastnostmi a obranou rostliny pied biotickymi a abiotickymi
vlivy souvisi i enzymatické hnédnuti ovoce a zeleniny, které nastava po mechanickém
poskozeni tkani rostliny nebo po napadeni patogenem. Za zménu barvy jsou
zodpovédné enzymy polyfenol oxidasa a polyfenol peroxidasa, které rozkladaji za
pritomnosti kysliku polyfenolické latky na o-chinony, které nésledné polymerizuji,
¢imz se Vvytvaii tmavé pigmenty. Vznikaji tak latky s antimikrobidlnimi
a antifungalnimi vlastnostmi, kterymi se rostlina brani. Tento proces je z hlediska
kvality produktu obecné bran jako nezadouci (vyjma napi. vyroby ¢erného ¢aje),
protoze je spojovan se zhorSenim senzorickych a nutri¢nich vlastnosti (Fuerst et al.,

2014; Singh et al., 2018).

Polyfenoly maji vyznam i pro ¢lovéka. Bylo zjisténo, Ze konzumace potravin
bohatych na polyfenolické AO je spojovana s fadou zdravotnich benefiti (Fraga et al.,
2019). Mnoho intervenénich, in vitro a epidemiologickych studii podporuje roli
polyfenoltl pii boji proti rozvoji tzv. chronickych onemocnéni (Williamson, 2017).
Chronické neboli civilizaéni nemoci jsou neinfekéni degenerativni onemocnéni, jako
diabetes mellitus, kardiovaskularni choroby, rakovina, autoimunitni nemoci,
Alzheimerova choroba a mnoho dalsich (Kopp, 2019). Na vzniku téchto chorob se do
zna¢né miry podili oxidacni stres, coz je stav organismu, kdy prevlada koncentrace
tzv. reaktivnich kyslikovych a dusikovych forem (anglicky RONS — reactive oxygen
and nitrogen species; piiklady znazorfiuje tabulka 1), radikalovych i neradikalovych,
nad latkami s antioxida¢nimi vlastnostmi (Birben et al., 2012). RONS jsou latky, které
vznikaji pfirozené v bunkdach zivého organismu, nicméné nadmérny piijem je ovlivnén
také exogennimi vlivy. Mezi ty se fadi zejména zneCiSténa voda ¢i ovzdusi,
primyslova rozpoustédla, radiace, koufeni, uzivani drog a také nezdravé stravovaci
navyky — konzumace alkoholu, uzeného masa, oxidovanych tukt a oleji aj. (Liguori
etal., 2018). Volné radikaly (jakozto podskupina, patiici do skupiny RONS) jsou latky
nebo fragmenty latek, které maji jeden nebo vice neparovych elektront, coz je Cini
vysoce reaktivni (Poprac et al., 2017). Tyto latky poté indukuji oxidaci dulezitych
molekul v téle (napt. lipidy, proteiny, DNA), ¢imz méni jejich vlastnosti a funkce
(Lykkesfeldt, 2007). Panche et al. (2016) uvadi, Zze funkce polyfenold pii ochrané

organismu pied oxidacnim stresem stdle neni pln€¢ pochopena, ale jako jedna
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regulovat peroxidaci lipidli zpisobenou volnymi radikaly.

Tabulka 1. Priklady reaktivnich kyslikovych a dusikovych forem.

Radikalové Chemicka Neradikalové Chemicka
(tzv. volné radikaly) znacka znacka
Superoxidovy anion O, Peroxid vodiku H>0»
Hydroxylovy radikal *OH Singletovy kyslik 10,
Hydroperoxylovy radikal *OOH Kyselina chlorna HCIO
Peroxylovy radikal ROO- Ozobn Os
Alkoxylovy radikal RO- Peroxynitritovy radikal ONOO

Radikal oxidu dusnatého NO-

Zdroj: upraveno podle Birben et al., 2012 a Poprac et al., 2017

Pribyvaji také studie, které dokazuji velice specifické mechanismy ucinku
polyfenolti nespocivajici pfimo v antioxidac¢nich vlastnostech. Mezi né se fadi
(Joven et al., 2011; Panche et al., 2016). Polyfenolim je také pfisuzovano, Ze in vivo
dokazi zlepsSit metabolismus tukd, snizit té¢lesnou hmotnost, krevni tlak a také hladinu
glukoézy v krvi (Tresserra-Rimbau et al., 2017), coz jsou rizikové faktory pro vznik

nékterych vySe zminénych onemocnéni (diabetes, kardiovaskularni choroby).

Nékteré polyfenoly maji estrogenni ucinky, protoze jsou strukturné a/nebo
funkéné podobné endogennimu estrogenu. V této souvislosti jsou oznaCovany jako
fytoestrogeny. Jedna se pievazné o isoflavonoidy (napt. diadzein, genistein) ze soji,
kterym jsou pfi¢itany rizné zdravotni benefity. Nejcastéji se uvadi ochranny efekt
proti vzniku osteopordzy, srdecnim chorobam, rakoving prsu a také zmirfiujici
symptomy menopauzy. Na druhou stranu jsou také oznaCovany jako endokrinni
disruptory, které mohou mit potencialné negativni ti¢inky na zdravi zen v souvislosti
s rakovinou prsu. Riziko jejiho vzniku do urcité miry podporuje estrogen, ktery

podnécuje rust rakovinnych bunék (Patisaul a Jefferson, 2010).

V poslednich letech se vyzkum zaméiuje také na interakci polyfenoli a stfevni

mikrobioty. I pfesto, Ze mechanismus neni pfesn€ znam, pfepoklada se, Ze nékteré
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polyfenoly mohou regulovat rlst patogennich bakterii, zatimco jiné mohou
podporovat rust bifidobakterii. Tyto vysledky naznacuji, ze takovéto interakce mohou
snizovat riziko chronickych nemoci a také zvySovat inzulinovou senzitivitu
a predchazet vzniku aterosklerdzy. Rovnéz se predpoklada, ze polyfenoly podporuji

prospésné pusobeni probiotik (Cory et al., 2018).

Diky vySe uvedenym vlastnostem je V poslednich letech o piirodni
polyfenolické AO velky zdjem, coz dokazuje velky pocet publikaci zamétenych na
vyuziti polyfenold jako nutraceutik (Tomé-Carneiro a Visioli, 2016), latek vhodnych
do kosmetickych (Buzanello et al., 2019) nebo potravinaiskych vyrobki (Papuc et al.,
2017).

Na druhou stranu Pandareesh et al. (2015) upozornuji, ze u€inky polyfenolt
jsou ptimo zavislé na biodostupnosti (vstfebatelnosti), kterd je obecné pomérn¢ mala

a zavisi na mnoha faktorech.

Udava se, ze ¢lovek za den piijme zhruba 1 g polyfenold, z nichZ nejvétsi ¢ast
zaujimaji flavonoidy a fenolické kyseliny (Bahadoran et al., 2013; Zamora-Ros et al.,
2018).

Po zkonzumovani potraviny obsahujici polyfenoly dochazi k jejich
enzymatickym pfeménam v tenkém i tlustém stieve a v jatrech. Vétsina polyfenolt
podléha hydrolyze v tenkém stievé, kde se uvolituje aglykonicka ¢ast, popiipadé mize
k hydrolyze dochazet az v tlustém stfevé pomoci mikrobialnich enzymu. Nasleduje
pasivni difuze stfevni sténou, pii které dochdzi ke konjugaci a vzniku novych
metabolitd, z chemického hlediska jde o glukuronidaci, methylaci a sulfataci. Dalsi
zmeény probihaji v jatrech a odtud se metabolity rozvadi po téle krvi nebo dochézi

k jejich vylucovani (Thilakarathna a Rupasinghe, 2013).

2.2.3 Zdroje polyfenolickych antioxidanti
2.2.3.1 Rostlinné zdroje polyfenolickych antioxidanti

Polyfenoly jsou nejhojnéji se vyskytujici AO V nasi stravé a jsou pfirozenou
sloZzkou rtiznych druht ovoce, zeleniny, ceredlii, oliv, lusténin, ¢okolady, koteni,

bylin, ¢aje, kavy nebo vina. Ne&které z polyfenold jsou vazané na konkrétni
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taxonomickou kategorii. Naptiklad flavanony se nachdzi primarné v citrusovych

plodech, isoflavonoidy v luskovinach nebo floridzin v jablkach. Opakem je tieba

flavonol kvercetin, ktery se vyskytuje téméf ve vSech rostlinnych produktech:

Vv zelening, cerealiich, luskovinach, ¢aji, vin¢ (D‘Archivio et al., 2007). Piiklady

polyfenold, jejich zdroje a piiblizné obsahy shrnuje tabulka 2.

Tabulka 2. Zdroje a piiklady vybranych polyfenoli v potravinach
a jejich ptiblizny obsah.

Skupina
polyfenoli Polyfenol Priklad potravin Obsah (mg/kg)*
Flavonoly kvercetin ¢erny a zeleny Caj, biléa  vétSinou desitky az
myricetin ¢ervené vino, vlasské stovky,
kaempferol ofechy, mandle, jablko se v cibuli az tisice
slupkou, pomerance,
bortivky, ¢erna ¢okolada,
syrovy $penat, cibule,
brukvovité (napt. kvétak,
brokolice)
Flavanoly (+)-katechin cerny a zeleny ¢aj, bilé zhruba stovky
(katechiny) (-)-epikatechin vino, mandle, liskové
(+)-gallokatechin ofisky, jablko se slupkou,
(-)-epikatechin-3- bortvky, ¢erna ¢okolada
gallat
(-)-epigallokate-
chin-3-gallat
Flavanony eriodictyol citrusové ovoce a dzusy,  desitky az stovky,
naringenin rajcata a rajéatové horni hranice plati
hesperetin vyrobky spise pro citrusové
plody
Flavony apigenin obiloviny, rostlinné oleje, desitky az stovky
luteolin celer, paprika
Isoflavonoidy diadzein soja, tofu, luskoviny zhruba tisice
genistein
glycitein
Anthokyanidiny kyanidin cervené vino, borivky a  Stovky az tisice
delfinidin dalsi drobnoplodé ovoce,
petunidin grep, modra kukutice,
malvidin modré odriidy brambor
peonidin
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pokracovani tabulky 2

Proanthokyanidiny

Hydroxyskoticové
kyseliny

Ellagotaniny

Lignany

Hydroxybenzoové
kyseliny

Kurkuminoidy

prokyanidiny
(oligomery
epikatechinu)
prodelfinidin
(polymery
epigallokatechinu)

chlorogenova
kyselina

kavova kyselina
p-kumarova kyselina
ferulova kyselina
sinapova kyselina

punikalagin,
strictinin,
veskalagin,
kastalagin,
kasuariktin

secoisolariciresinol
pinoresinol

gallova a
protokatechova

kyselina

kurkumin

hroznova seminka,

cervené vino, brusinky,

cerny rybiz, Cerny a

zeleny Caj, kakao, buraky,

borovicova kira

kava, maté, Cervené vino,
¢ervené ovoce, zelenina,
celd zrna (napf. obiloviny,

olejniny), kiwi, tfesné,
bortivky

bobulovité ovoce,

tropické ovoce, granatova

jablka, ofechy

celozrnné cerealie, Inéna a

sezamova seminka

bobulovité ovoce, korenti,

cerealie, Caj

kurkuma (kurkumovnik
dlouhy) a produkty z ni

(napf. prasek, ¢aje)

zhruba stovky

desitky az tisice

stovky az tisice

desitky az tisice,
ve Inéném seminku
spise tisice

desitky az stovky

stovky az
desetitisice,
vétSinou tisice

Zdroj: pfevzato a upraveno podle Manach et al., 2004; McCue a Shetty, 2004; Wu et al., 2004;
Koponen et al., 2007; Zhang et al., 2009; Bhagwat et al., 2014; Landete, 2014; Fraga et al.,
2019; * vzhledem k tomu, Ze existuje V obsazich polyfenoli velka variabilita, jsou koncentrace
uvedené pouze v radech.

Obecné¢ lze wuvést, Ze koncentrace polyfenolickych AO v rostlinnych

surovinach se pohybuje v fadu od desitek do tisicti miligramt na Kilogram &erstvé

hmoty, resp. na litr v pfipadé¢ napoju. V nasledujicim odstavei jsou vSechny

koncentrace vyjadieny v Cerstvé hmoté¢.

V potravinach rostlinného plivodu Ize nalézt vV pomérné malém mnoZstvi

(desitky az vétSinou stovky mg/kg nebo mg/l) derivaty hydroxybenzoové kyseliny,

flavony a flavanony. Hydroxyskoficové kyseliny se vyskytuji ve vét§sim mnozstvi

a jejich koncentrace se pohybuji od desitek po tisice mg/kg. Ac¢koliv jsou flavonoly

z polyfenolti nejrozsifenéjsi, jejich koncentrace nejsou v potravinach pfili§ vysoké,
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obecné v fadu desitek az stovek mg/kg nebo mg/l. Na druhou stranu, v cibuli, ktera je

nejbohatsim zdrojem flavonold, 1ze nalézt az 1,2 g/kg.

Dalsi vyznamnou skupinou latek jsou flavanoly, které jsou opé€t spiSe v nizsich
koncentracich (cca stovky mg/kg nebo mg/l). S flavanoly souvisi i jejich oligomery
proanthokyanidiny, které jsou obsazené ve zhruba stejné koncentraci. Isoflavonoidy
se vyskytuji v lusténindch (zejména v séji), poptipad€ ve vyrobceich z nich, zato vSak
ve vysSich koncentracich, obvykle to jsou jednotky tisic mg/kg. Anthokyanidiny (resp.
glykosidické anthokyany), z nichZz nejbéznéjsi je kyanidin, jsou nejvice zastoupeny
V ovoci, zejména v drobnych bobulovitych plodech (bortivky, bez, maliny a mnoho
dal8ich). Nejcastéji se nachazi ve slupkach a obsah v potraviné je vétSinou piimo
umérny barevné intenzité. Napiiklad v bilém rybizu se anthokyany prakticky
nevyskytuji, zatimco v ¢erném rybizu jejich obsah mize dosahovat az 6 g/kg (Manach
et al., 2004; McCue a Shetty, 2004; Wu et al., 2004; Bhagwat et al., 2014).

Kurkuminoidy se vyskytuji nejvice v kurkumé, tedy praSku z oddenki
kurkumovniku dlouhého. Koncentrace v kurkumé jsou pomérné vysoké a pohybuji se
v Sirokém rozpéti mezi desitkami az desetitisici mg/kg (Zhang et al., 2009).
Ellagotaniny v potravinach rostlinného pivodu piili§ ¢asté nejsou, jejich vyskyt je
vétSinou vazan pouze na par druhii ovoce, vétsinou bobulovitého a na ofechy, kde se
vyskytuji v koncentracich mezi desitkami az tisici mg/kg (Koponen et al., 2007).
Lignany jsou nejvice obsazeny ve Inéném seminku, kde jsou koncentrace velmi
vysoké, v fadu tisicti mg/kg, ale je mozné je najit ve vétsiné bézné konzumovanych

potravinach rostlinného ptivodu (Landete, 2014).

Velké rozdily a variabilita v koncentracich polyfenola v rostlinnych surovinach
jsou ovlivnéné fadou faktord, predev§im pak druhem, odridou, c¢asti rostliny,
agroekologickymi podminkami, zpracovanim a skladovanim (Biesiada a Tomczak,
2012). Harnly et al. (2006) uvadi, ze variacni koeficient pro koncentraci stejného

flavonoidu u stejného druhu potraviny, ale jiného kusu, dosahovala az 168 %.

cv w7

(http://phenol-explorer.eu, stazeno dne 30. 6. 2020), kde je uvedeno zhruba 500

ruznych polyfenolickych latek ve vice nez 400 druzich potravin.
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2.2.3.2 Rostlinné odpadni produkty jako zdroj polyfenolickych antioxidanti

Mimo ovoce, zeleninu a napoje z rostlinnych surovin jsou velmi bohatym
zdrojem polyfenolu také vedlejsi a odpadni produkty vznikajici pii péstovani nebo
zpracovani rostlinného materialu pro potravinarské ucely. Globalni produkce téchto
odpadt dosahuje tirovné miliard tun za rok. I kdyz nejbéznéjsi strategii pro vyuziti
téchto surovin je pouzit je jako krmivo pro hospodaiska zvifata nebo hnojivo, soucasny
trend je vyuzit tento material také jako obnovitelny zdroj pro vyrobu biopaliv, pro
produkci biotechnologicky vyznamnych mikroorganismt a enzymu nebo pro extrakci
polyfenolt, které mohou byt nasledn¢ zuzitkovany v dal§ich odvétvich pramyslu

(Donato et al., 2017).

Extrahovani polyfenoli z vedlejSich produkti je vyhodné, nebot se
zZ potravinového fetézce neztraceji latky, které maji mnoho pozitivnich biologickych

a v potravinaiském odvétvi i technologickych funkei.

Z téchto divoda se velka fada publikaci zamétuje na zpisoby vyuzivani ¢i
extrakci téchto latek z odpadnich materiald. Zdrojem k extrahovani jsou nejcastéji
dren a slupky po oloupani nebo vylisovani §tavy ¢i oleje, seminka po vypeckovani
riznych druhii ovoce, zeleniny, olejnin, ofechti a cerealii. Dale to mohou byt celé listy,
které se sklidi spole¢né s plodem, jako je tomu v piipad¢ sklizné peckovic rakytniku
feSetlakového (Hippophae rhamnoides L.) nebo olivovniku evropského (Olea
europaea L.). Pomérn¢ Casto se také lIze setkat s tim, ze odpadni produkty maji vyssi
obsah polyfenol nez samotna vyuzivana, resp. pozivatelna ¢ast rostliny (Ignat et al.,

2011; Kappusamy et al., 2015).

Potencialné vhodnym materidlem, ktery by se dal vyuzivat jako zdroj
polyfenolickych AO, jsou vedlejsi produkty vznikajici pii péstovani a zpracovani
cibule kuchynské (Allium cepa L.). Cibule je po rajcatech druhou nejpéstované;jsi
zeleninou na svété z pohledu vyprodukovaného mnozstvi, které se béhem poslednich
20 let zdvojnasobilo na soucasnych zhruba 97 milioni tun (FAOSTAT, 2020),

viz graf 1.
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Graf 1. Ro¢ni svétova produkce cibule kuchynské v letech 1998 az 2018.
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Zdroj: FAOSTAT, 2020

V souvislosti s takto velkou produkci vznikaji rocné stovky tisic tun odpadu
jen na uzemi Evropské unie (Kiassos et al., 2009). Tento odpad je tvofen riiznymi
frakcemi, jako jsou spodni a horni odfezky z cibule, such¢ slupky a malé, napadené
nebo poskozené cibule, které se nehodi pro piimy prodej (Nile et al., 2017). Cibule
i jejich odfezky stale obsahuji vysoké procento vody, a proto nejsou dlouhodobé
skladovatelné. Zato cibulové slupky (obrazek 7) obsahuji okolo 10 % vody a nehrozi
tak jejich kazeni ¢i plesnivéni. Bylo prokazano, Zze obsahuji velké mnozstvi flavonolu,
konkrétn¢ kvercetinu a jeho glukosidu (kvercetin-3,4°-diglukosid a kvercetin-4¢-
monoglukosid), ale i dimery a trimer, které se v jinych rostlinach nevyskytuji (Ly et
al., 2005; Albishi et al., 2013). Slupky také obsahuji velké mnozstvi vlakniny az 75 %

(Benitez et al., 2011), kterd po ptidavku do potraviny mize zvySovat vaznost vody.

Obrazek 7. Cibulové slupky.
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2.3 PRIRODNI POLYFENOLY JAKO PRIDATNE LATKY V
POTRAVINARSTVI

Piidavani polyfenolickych AO do potravin ma nékolik davodi, znichz
polyfenoly roli aditivnich latek a mohou nahrazovat bézné€ vyuzivané syntetické AO,
jako je napt. L-askorbova kyselina nebo butylovany hydroxytoluen. Divodem pro
zvysujici se atraktivitu a vyuzivani polyfenolickych AO je zejména skute¢nost, Ze jsou
to latky ptirodni, oproti syntetickym polyfenolickym AO nevykazuji toxické
vlastnosti, ale naopak maji potencialné pozitivni vliv na lidské zdravi (Papuc et al.,

2017).

Na druhou stranu mize byt pfidavani polyfenolt do potravin chapano jako
fortifikace za i¢elem zvySeni obsahu biologicky aktivnich latek. Takto obohacené

potraviny mohou byt oznaovany jako ,,fortifikované* nebo ,,funkcni®.

2.3.1 Polyfenoly a iidrznost potravin

Ulohou AO vV potravinaistvi je zabranéni oxidace slozek potravin, zejména
lipidi a jejich doprovodnych latek. Nejvétsi opodstatnéni ma proto U takovych
vyrobkii, které obsahuji vysoké mnozstvi lipidii. Bézné se tak vyuzivaji pii zpracovani
surovin zivoc¢isného ptivodu, hlavné u masa a vyrobki z néj. U rostlinnych produkta

plni AO dulezitou roli pii zpracovani a skladovani oleju.

Oxidace lipidli, Vv porovndni s oxidaci ostatnich slozek potravin, nejvice
ovliviiuje senzorické vlastnosti potravin, tj. chut, viani ¢i barvu. V dusledku oxidace
lipidi dochédzi déale ke sniZené nutri€ni hodnoté, zhorSenym technologickym

vlastnostem a tvorbé zdravotné nezadoucich latek (Bartosz a Kotakowska, 2011).

Podle mechanizmu vzniku se rozeznava nékolik druhid oxidace: autooxidace,
fotooxidace, oxidace katalyzovana lipoxygenasami a oxidace katalyzovana kovy.

Vsechny tyto typy oxidace 1ze zmirnit vyuzitim polyfenolickych AO.

Nejcastejsim druhem oxidace je autooxidace, a proto bude popsana podrobnéji.
Dochazi k ni v podstaté béhem jakékoliv faze vyroby a skladovani potravin. Pii tomto

typu oxidace dochazi k reakci kysliku (O2) s mastnymi Kyselinami, at’ volnymi nebo
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ptritomnymi V tri-, di- nebo monoacylglycerolech. Autooxidace je radikalova fetézova
dochazi k odtrzeni vodiku od molekuly mastné kyseliny (RH) a vznika alkyl radikal
(Re). Odtrzeni je iniciovano volnymi radikaly (napf. hydroxylovymi, peroxylovymi
nebo hydroperoxylovymi radikaly). Tato fize je urychlena vys$im stupném
nenasycenosti mastnych kyselin, vysokymi teplotami, zafenim (UV nebo viditelnym),
koncentraci kysliku a ptitomnosti AO a prooxidantl. V propagacni fazi reaguje alkyl
radikal (Re) skyslikem za vzniku peroxylového radialu (ROOe), ktery nasledné
odtrhuje dal$i mastné kyseliné (RH) vodik a vznika tak opét alkyl radikal (Re) a
hydroperoxid mastné kyseliny (ROOH). Pokud je koncentrace radikali (R, ROO¢)
vysoka, fetézova reakce prechazi do terminacni faze tim, Ze zreaguji dva volné
radikaly, ¢imz vznikne stabilni produkt, ktery jiz neni radikal (RR, ROOR). Tim se
reakce ukoncuje (Gordon, 2001; Damodaran et al., 2008; Kotakowska a Bartosz,

2014). Zjednodusené schéma autooxidace je zobrazeno V nasledujicich rovnicich:

Iniciaéni faze: RH — Re
Propagacni faze: Re + O2 — ROO-

ROO- + RH — ROOH + Re
Terminac¢ni faze: 2R+ — RR

Re + ROOs — ROOR

Primarnimi produkty autooxidace lipidii jsou hydroperoxidy, ty mohou ale
podléhat dalSim degradacnim procesim a mohou vznikat sekundarni produkty
oxidace. Ty mohou mit stejny pocet uhlikii jako piivodni mastné kyselina (cyklické
peroxidy, hydroxykyseliny) nebo po §tépeni nizsi pocet uhlika (nékteré aldehydy jako
toxicky malondialdehyd - MDA) ¢i naopak vyssi pocet uhlikd, coz jsou napt. polymery
mastnych kyselin (VeliSek a Hajslova, 2009).

Vzniklé hydroperoxidy jsou bez zapachu a nevytvafi tak zmény chuti nebo
vung. Sekundarni produkty, hlavné ty nizkomolekularni, do kterych patii aldehydy,
ketony, alkoholy, estery ¢i nékteré organické kyseliny, vyznamnym zplisobem
pfispivaji ke vzniku pachuti ¢i nepfijemného aroma oxidované potraviny. Z tohoto

pohledu jsou senzoricky nejaktivné;si aldehydy (Dominguez et al., 2019).
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Fotooxidace je druh oxidace, kterd zahrnuje vznik singletového kysliku 1O,
Vv pfitomnosti fotosenzibilni latky po ozafeni viditelnym nebo UV svétlem. Singletovy
kyslik poté reaguje velice rychle s mastnou kyselinou, coz vede K tvorbé
hydroperoxidii, které mohou nésledné podl¢hat dalsim zménam, tak jako v piipadé
autooxidace. Fotosenzibilni latky jsou napt. bilirubin, hemova barviva, chlorofyly,
riboflavin. Tyto latky lehce absorbuji svételnou energii diky konjugovanému systému
dvojnych vazeb a prechazi do nestabilniho excitovaného stavu. Pfijatou energii poté
snadno prenesou na tripletovy kyslik 302, ze kterého nasledné vznika singletovy, ktery
je velmi reaktivni. Nékteré fotosenzibilizatory jsou lipofilni, a proto mohou vytvaret
singletovy kyslik v tésné blizkosti lipidu (Tejero et al., 2004; Velisek a Hajslova,
2009).

Spole¢né s neenzymatickymi reakcemi vedoucimi k oxidaci lipidd existuji
i enzymatické procesy, které jsou zprostiedkovany lipoxygenasami. Vysledkem je
opét hydroperoxid, avsak specificky, podle konkrétniho typu lipoxygenasy. Ten poté
podléha rozkladu na specifické a Casto senzoricky aktivni produkty (Ahmed et al.,
2015). V souvislosti s polyfenoly bylo zjisténo, ze nékteré mohou inhibovat aktivitu
lipoxygenas u s6ji (Zhang et al., 2019), ale i v rybich produktech (Banerjee, 2006),

¢imz se zamezi zhorSovani jejich kvality.

Oxidace miize byt vyvoldna i1 pfechodnymi kovy (zelezo, méd’, nikl, kobalt,
titan). Nejaktivnéjsi jsou Zelezo a méd. Role kovi spociva v jejich schopnosti
redukovat se po pfijeti elektronu, a tim katalyzovat produkci volnych radikalti nebo se
ptimo zapojit do oxidace. Pokud jsou kovy ve vyssi valenci, mohou autooxidaci
katalyzovat pfimo. Pokud jsou v niZsi valenci, nejprve reaguji s kyslikem a poté se
(Velisek a Hajslova, 2009; Dominguez et al., 2019). Polyfenoly jsou zndmé svymi
chelata¢nimi schopnostmi (Leopoldini et al., 2011), ¢imZ zamezuji tomuto typu

oxidace (obrazek 8). Kovy navazené v komplexu s polyfenolem se jiz nemohou

zapojovat do oxidacnich reakei.
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Obrazek 8. Polyfenoly jako chelata¢ni ¢inidla

Oxidaci podléhaji i doprovodné latky lipidd, jako je napi. cholesterol. Tato
latka ze skupiny steroli plni v zivociSnych buiikach dulezité funkce, jako je fluidita
a permeabilita bunéénych membrén, je prekurzorem pro vitamin D, Zlu¢ové kyseliny

1 steroidni hormony (Sales de Oliviera et al., 2018).

Vincente et al. (2011) uvadi, Ze bylo identifikovano vice nez 70 chemickych
latek vznikajicich v disledku oxidace cholesterolu (oxycholesteroly) a vétsina z nich
vykazuje cytotoxické, aterogenni, mutagenni a karcinogenni vlastnosti. Nekteré
skupiny polyfenolickych latek (hydroxyskotficové kyseliny, flavanoly, prokyanidiny
a flavonoly) dokazi u¢inné branit vzniku oxycholesterolti v mase (Rodriguez-Carpena

etal., 2012).

Lipidy nejsou jedinou slozkou potravin, ktera podléha oxidaci. Zmény v jakosti
(nutri¢ni, smyslové, technologické) mohou byt vyvolany i oxidaci proteinti. Oxidace
proteind je ovlivnéna stejnymi faktory jako oxidace lipidi. Rychlost oxidaé¢ni reakce
u lipidt a proteinti je zhruba stejna, avSak skala vyslednych produktti oxidace proteini
je 8irsi, diky vétsi variabilité proteini. Mnoho let byla oxidace proteinii opomijena,
pfevazné proto, ze nema tak velky vliv na zhorSeni aroma a je htite méfitelna. Nyni se
vSak ukazuje, Ze oxidace bilkovin ovliviiuje ze senzorickych parametrl spise texturu,
a to v souvislosti se zhorSenou vaznosti vody, rozpustnosti bilkovin a vétsi tuhosti
masa (Silva et al., 2018; Hematyar et al., 2019). Vyskytuji se prace, které dokazuji, Ze
rostlinné polyfenoly napf. z ¢erného bezu, rozmarynu, Salvéje nebo listd olivovniku

dokazi G¢inng brzdit oxidaci proteini (Falowo et al., 2014; Xu et al., 2018).

Pozitivni efekt pfidavku polyfenold nespociva jen v potlaceni oxidace slozek

potravin. Bylo prokazano, ze n¢které polyfenoly mohou inhibovat riist patogennich

30



bakterii (Salmonella, Escherichia coli, Staphylococcus aureus) a bakterii
zodpovédnych za kazeni masa (Taguri et al., 2004; Zhang et al., 2009). Tyto

antimikrobialni G¢inky také prodluzuji skladovatelnost potravin.

2.3.2 Priklady pouziti polyfenolu jako potravinaiskych antioxidanti

Na trhu existuje velka fada komer¢né dostupnych ptipravkii na bazi ptirodnich
extraktl z rostlin, které jsou velmi bohaté na polyfenolick¢ AO. Jedna se zejména
0 extrakty z hroznovych seminek a slupek, borovicové kiry, zeleného Caje, kavy,

olivovnikovych listil, rozmarynu a mnohych dalSich (Shah et al., 2014).

Ve védecke literatute I1ze nalézt desitky ptivodnich praci 0 pridavani extrémné
riznorodych zdroji polyfenolti (napt. do masnych vyrobku), které na trhu doposud
dostupné nejsou. Hygreeva et al. (2014), Shah et al. (2014), Ahmad et al. (2015), Papuc
etal. (2017) a Lorenzo et al. (2018) shrnuli tyto aplikace do ptehledovych ¢lankut. Jako
zdroje polyfenolt jsou Vv téchto studiich uvadény napt. hroznova seminka, Salvéj,
rozmaryn, zeleny a Cerny ¢aj, Cesnek, lesni plody (bobulovité ovoce), ¢esnek, cibule,
ale také odpadni nebo vedlejsi produkty, jako jsou jableéné ¢i bramborové slupky.
Polyfenoly z téchto surovin jsou pridavany do potravin v riznych formach, zejména
jako sypké Cisté extrakty, kde je vétSina hmotnosti tvofena pravé polyfenoly, poté to
muze byt ve forme mletého prasku (mouky — usuSeny a namlety rostlinny material)
nebo se mize jednat o vodné extrakty. K extrakci polyfenold se vétsinou pouziva smés
vody a ethanolu (v koncentraci od 50 do 95 %), nicméné se pouziva 1 Cista
deionizovana voda, methanol, aceton, hexan nebo dimethyl sulfoxid. Tato organicka
rozpoustédla se v§ak musi pied pfiddnim do potraviny odpafit (pod proudem dusiku

nebo ve vakuové odparce).

Vzhledem k riznym formam AO se 1isi i pouzité mnozstvi piidavané do dané

potraviny. Toto mnozstvi se miize pohybovat od setin az po desitky procent.

Z hlediska oxidace lipidii jsou ucinné 1 extrakty z kaStanovniku setého
a medunky lékatské, které byly ptidany do syru typu Serra da Estrela (Carocho et al.,
2015).

Také v rostlinnych olejich jsou polyfenolické AO té¢inné proti oxidaci lipidu.

Popisovan je zejména piidavek extraktd z listd olivovniku, které po pridani do
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olivového oleje a jeho nasledném zahtivani na teploty smazeni dokézaly zabranit
oxidaci tokoferolti a tvorbé t€kavych latek (akrolein a dalsi té¢kavé aldehydy). Uvedené
latky zpiisobuji nepiijemny pach spalen¢ho oleje a maji negativni Gc¢inky na lidské
zdravi (Esposto et al., 2015). Podobné vysledky publikovali i Salta et al. (2007). Autofi
ptidali polyfenoly z listii olivovniku do olivového, slune¢nicového a palmového oleje
a dale do ztuzeného rostlinného tuku. Oleje i ztuzeny rostlinny tuk poté vykazovaly

vysSi oxidacni stabilitu v rancimatovém testu (metoda zrychlené oxidace).

2.3.3 Nevyhody vyuzZivani polyfenolia v potravinarstvi

Pouzivani pfirodnich polyfenolii v potravindich muize byt do urcité miry
limitovano tim, jakym zpisobem ovliviluji senzorické a technologické vlastnosti
finélniho produktu. Nejvetsim problémem v tomto ohledu jsou senzorické vlastnosti.
Polyfenolické latky mohou nepiijemné ovliviiovat chut’ tim, Ze ve vy$§im mnozstvi
davaji potraviné hotkou az trpkou chut’ (Lesschaeve a Noble, 2005). Se senzorickou
kvalitou fortifikovanych potravin souvisi také barevné zmény, které nemusi byt pro
konzumenta pfiijatelné a problémem byva také tvrdost, kterda miize byt v porovnani
s neobohacenymi vzorky vyssi. To se tykd zejména masnych a pekatskych vyrobki
(Sivamet al., 2010; Metha et al., 2015). Pfidavek polyfenolt do pekarenskych vyrobku
muze znamenat i zhorSeni nékterych technologickych vlastnosti. Jedna se zejména

o mensi objem bochniku a vétsi tvrdost sttidy (Martins et al., 2017).

Dalsi nevyhodou muZe byt nestabilita nékterych polyfenolickych latek.
V tomto ptipadé¢ se jednd zejména o anthokyany, které jsou nejvice nachylné
k degradaci béhem tepelného opracovani potravin (Ou et al., 2019). Na druhou stranu
nekteré polyfenoly mohou vysokym teplotdm odolavat. Piikladem je tifeba flavonol
kvercetin (a nékteré jeho glykosidy), ktery je dostatecné tepelné stabilni i za teplot
typickych pro domaci ptipravu pokrmti (Lombard et al., 2005; Rohn et al., 2007).
Vogrin¢ic et al. (2010) naznacuji, Ze béhem peceni chleba z mouky pohanky tatarské

je kvercetin stabilnéjsi nez rutin.

Velkym tuskalim fortifikace potravin polyfenoly je jejich biodostupnost
ovlivnénad nejen jejich vlastnostmi (napf. hydro- nebo lipofilita), ale i ostatnimi
slozkami potravy. Nerozpustnd vlaknina (celuldza, hemiceluldza a lignin) obecné
biodostupnost polyfenoli snizuje. Stejné tak na polyfenoly pusobi i piitomnost

32



bilkovin v potraving, protoze s nimi mohou vytvaret nestravitelné komplexy. Naopak
lipidy v potravinidch biodostupnost polyfenolli mohou zvySovat, protoze nékteré

lipofilni polyfenoly (napf. kvercetin) jsou v nich 1épe rozpustné (Bohn, 2014).

2.3.4 Fortifikované a funk¢ni potraviny

Obohacovani potravin polyfenoly tizce souvisi s pojmy ,,fortifikace™ a ,,funk¢ni
potraviny*. Fortifikace znamena obohaceni potravin ur€itymi latkami, napf. nutricné
vyznamnymi nebo biologicky aktivnimi, které jsou v neobohacené potraviné ve velmi
malém mnozstvi nebo nejsou piitomny vibec. Mize se tak jednat o vitaminy,
mineralni latky, probiotika aj. Pojem funk¢ni potravina je vsak §irsi a Crowe et al.
(2013) jej definuji jako jakoukoliv potravinu, pavodni, fortifikovanou nebo jakkoliv
vylepSenou, ktera ma pii bézné konzumaci pozitivni vliv na lidské zdravi. Z tohoto
hlediska se jevi jako vhodna ,,nosnd média“ polyfenolickych latek pekaiské vyrobky
(Ou et al., 2019), masné vyrobky (Metha et al., 2015) a v neposledni fad¢ i mlécné
vyrobky (Sampaio Cutrim a Sloboda Cortez, 2018). Jejich hlavni vyhodou je, Ze jsou

soucasti kazdodenni stravy.

Jak bylo zminéno v kapitole 2.3.2, polyfenoly se mohou ptidavat do potravin
1 ve form& mouky, resp. jemné mleté¢ suroviny. To s sebou piinasi, na rozdil od
pfidavani Cistého extraktu, dal$i moZnosti vyuziti. Rostlinné materidly, a zvIasté ty
odpadni, jsou Casto velmi bohatym zdrojem nejen polyfenold, ale i vldkniny, ktera
muze plnit v masnych i pekaiskych vyrobcich dilezité technologické a nutri¢ni
funkce. Saura-Calixto (1998) poprvé zavedl pojem ,,vlaknina bohata na antioxidanty*,
ktera kombinuje zdravotni pfinosy vyplyvajici z konzumace vlakniny
a polyfenolickych AQ, coZ ji €¢ini vhodnou ingredienci pro vyvoj a vyrobu funkénich
potravin. Vlaknina ma pozitivni vliv na lidské zdravi, nebot’ bylo prokazano, ze strava
chuda na vlakninu vede k rozvoji mnoha chorob a komplikaci, jako jsou diabetes
mellitus 2. typu, obezita, kardiovaskularni choroby a dalsi (Li a Komarek, 2017;
Gianfredi et al., 2019).

Vyhody ptidavani vldkniny bohaté na polyfenoly do masnych vyrobkl uvadi
Das et al. (2020). V masnych vyrobcich tato vlaknina mtize zvysovat vaznost vody,

snizovat hmotnostni ztraty béhem tepelné¢ho opracovani a zlepsovat nutric¢ni vlastnosti.
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Muze rovnéz ovliviiovat senzorické vlastnosti, nebot” vV masném vyrobku zvySuje

Stavnatost a pozitivné ovliviiuje chut’ a vini.

V piipadé pekarenskych vyrobkti mize obohacovani vlakninou bohatou na
polyfenoly ptiznive ovliviiovat nejen obsah vlakniny, ale i AOA, stabilitu té€sta a objem
bochniku (Sivam et al., 2010). Ptiklady obohacovani chleba materidlem bohatym na
polyfenoly jsou uvedeny v piechledovém ¢lanku autort Dziki et al. (2014). Autofi jako
zdroj vlakniny bohaté na AO vhodné pro pekaiské vyrobky uvadi vedlejsi produkty
vznikajici pfi zpracovani rostlinnych surovin. Jde napf. o ryZové a pSeni¢né otruby,

mouku ze suSenych ¢ajovych listl, mleté cibulové slupky ¢i mleté listy koriandru.

V souvislosti s obohacovanim pekatskych vyrobkl pfirodnimi polyfenoly
poukazuji Ou et al. (2019) také na dalsi zdravotni benefit. Uvadi, ze polyfenoly ptidané
do tésta dokazi béhem peceni branit vzniku nékterym produktim Maillardovy reakce
S negativnimi u¢inky na zdravi. Problematicky je v tomto sméru zejména akrylamid,

ktery ma toxické a pravdépodobné i karcinogenni vlastnosti (Liu et al., 2015).

Fortifikace mléénych vyrobku spoéiva predevsim v pouziti bylinek a kofeni
bohatého na polyfenoly, které se daji ze senzorického hlediska 1épe zkombinovat
s touto skupinou potravin (El-Sayed a Youssef, 2019). Nicméné podobné jako
Vv pripad¢ pekarenskych a masnych vyrobkii mohou byt do mléénych vyrobkt pouzity
| extrakty z riznych vedlejsich produktti vznikajici pfi zpracovani potravin (Sampaio

Cutrim a Sloboda Cortez, 2018).

Konkrétni ptiklady fortifikace potravin surovinami bohatymi na polyfenoly

jsou uvedeny v tabulce 3.
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Tabulka 3. Priklady fortifikace potravin surovinami bohatymi na polyfenoly.

Fortifikovana potravina Obohacujici slozka Pfidané mnoZstvi  Analyza Efekt oproti kontrolni skupiné Reference

Masné vyrobky

Tepelné opracované Rozmarynovy extrakt 0,02 % TBARS; | oxidace lipidd, Nissen et al., 2004

veprové karbanatky SA 1 senzorické vlastnosti

Tepelné opracované hovézi  Extrakt z hroznového 1% TBARS, CIE, | oxidace lipidu, Ahn et al., 2007

karbanatky seminka MiBio tmavsi barva, | kolonii E. coli

Mileté kozi maso a nugety Extrakt ze slupek 1% TBARS, | oxidace lipidi, svétlejsi barva; Devetkal et al.,
granatového jablka CIE, MiBio, | CPM 2014

Milécné vyrobky

Fermentované mléko Smeésny extrakt ze hiebicku 1 % CP, AOA 1 AOAaCP Ramos et al., 2017
a cesminy

Jogurt Vylisky z hroznil 1-3% Vlaknina PC, SA 1 vlakniny, | senzorické vlastnosti, Tseng a Zhao,

| oxidace lipida 2013

Syr Cisté fenolické latky 0,5 mg/ml mlékana AOA 1T AOA Hanetal., 2011
(katechin, hesperetin, vyrobu syra od
taninova kyselina ad.) kazdé latky

Pekarske vyrobky

Chléb Mleté cibulové slupky 1-5% AOQOA, SA, 1 AOA, 1 senzorickych vlastnosti ~ Gawlik-Dziki et

pti 1 — 3 %; pfi vy$sim piidavku | al., 2013
Chléb Prasek ze seminek fenyklu 3,5, 7,10 a AOA 1 AOA, 5 a7 % 1 senzorickych Dasetal., 2013
15 % SA vlastnosti
Susenky Mleté arasidové skotapky 1,3-25% CP, SA, AOA, 1 AOA a CP, bez vlivu nasenzor. Costa da Camargo
vlaknina vlast., Tnerozpust. vlaknina etal., 2014

| sniZeni/zhorseni oproti kontrole; 1 zvyseni/zlepSeni oproti kontrole; SA: senzoricka analyza; TBARS: thiobarbituric acid reactive substances; PC: peroxidové
¢islo; AOA: antioxidacni aktivita; CP: obsah celkovych polyfenoli; CIE: kolorimetricka analyza barvy; MiBio: mikrobiologicky rozbor; CPM: celkovy pocet

mikroorganismt
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2.3.5 Pravni predpisy tykajici se vyuZiti antioxidantl v potravinarstvi

Vyuzivani AO V potravinaiské vyrobé v zemich Evropské unie je primarné
regulovano Nafizenim Evropského parlamentu a Rady (ES) ¢. 1333/2008
o potravinaiskych ptidatnych latkach. V Piiloze I tohoto natfizeni je také definovan
pojem ,,antioxidant* jako latka, kterd prodluzuje trvanlivost potravin tim, ze je chrani
proti zkaze zpisobené oxidaci, napt. proti Zluknuti tukl a barevnym zméndm. Zaroven
je zde vymezen i zplisob oznaceni téchto latek na obalu potravin, a to bud’ nazvem
latky nebo kodem ,,E* a prislusnym tfimistnym ¢islem AO, napt. kéd E300 odpovida

L-askorbové kyseling.

V ptiloze II (kterd je upravena Natizenim Komise ¢. 1129/2011) je vypsan
seznam vSech potravinaiskych aditiv, kterd jsou rozdélena do nékolika skupin:
barviva, nadhradni sladidla a potravinaiské piidatné latky jiné nez barviva a nahradni
sladidla. Z rozdéleni vyplyva, ze tento legislativni pfedpis skupinu ,,antioxidanty*
neuvadi a je jasné, Ze latky s antioxidacnimi vlastnostmi jsou ve skupiné barviva (napf.
lykopen, lutein ad.) a potravinaiské ptidatné latky jiné nez barviva a nahradni sladidla
(napt. L-askorbova kyselina ¢i a-tokoferol). V této piiloze jsou soucasné vypsany
kategorie potravin (napf. mlécné vyrobky a jejich analogy s podskupinami) a k nim
pfifazeny pouzitelné piidatné latky a jejich maximalni aplikovatelné mnozstvi do
potraviny, popf. jind omezeni ¢i vyjimky. Legislativa tykajici se pouziti pfidatnych
latek (a tedy i AO) do potravin je piehledné zpracovana v interaktivni aplikaci na
oficialnich strankach Evropské unie
(https://webgate.ec.europa.eu/foods_system/main/?event=display, stazeno dne 15. 6.
2020).

Vzhledem k tomu, Ze tato disertaéni prace je zaméfena na ptirodni AO,
zejména polyfenolicke, je tfeba zminit, Ze pravni predpisy tyto latky napt. ve forme
extrakti nijak nedefinuji a neupravuji. V seznamu piidatnych latek (Piiloha II,
Nafizeni ¢. 1333/2008 ES) jsou pouze ¢&tyti druhy extraktt z rostlinnych zdrojt, a to
paprikovy extrakt (E160c), extrakt s vysokym obsahem tokoferold (E306), extrakt
z kvillaji (E999) a extrakt rozmarynu (E392), pouze prvni a posledni z nich se

pouzivaji jako antioxidacni slozka.

V piipadé¢ aplikace mletého rostlinného materialu bohatého na flavonoidy by

mél byt v seznamu sloZeni uveden ndzev suroviny, napft. ,,cibule®, i piesto, Ze byly
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pouzity mleté slupky. Pokud by se vyuzival extrakt z cibulovych slupek, pak by mél

byt uveden napt. jako ,.extrakt z kofeni‘.

Vedle sloZeni se mohou na obalu potraviny objevit i tzv. vyZzivova a zdravotni
tvrzeni. Tato tvrzeni, a¢ nejsou povinna, jSou rovnéz regulovana, a to Natizenim
Evropského parlamentu a Rady (ES) ¢. 1924/2006 o vyzivovych a zdravotnich
tvrzenich pfi oznacovani potravin, které definuje tato tvrzeni a urcuje podminky jejich
pouziti. Dale v Nafizeni Komise (EU) ¢. 432/2012, kterym se zfizuje seznam
schvalenych zdravotnich tvrzeni pii oznaCovani potravin jinych nez tvrzeni o sniZeni
rizika onemocnéni a o vyvoji a zdravi déti, je uveden seznam zivin, latek, potravin

nebo kategorii potravin a k nim povolena zdravotni tvrzeni.

V reklamach ¢i na obalech nékterych potravin se muze zakaznik setkat
S riznymi typy zdravotnich ¢i vyzivovych tvrzeni. Napiiklad ,,polyfenoly z olivového
oleje prispivaji k ochrané¢ krevnich lipidi ptfed oxidativnim stresem® v piipadé
olivovych oleji ¢i ,,zdroj vldkniny* na obalu potravin, které obsahuji alesponi 3 g
vlakniny na 100 g. Evropsky tfad pro bezpec¢nost potravin (angl. EFSA — European
Food Safety Authority) vydava pribézné EFSA Journal, ve kterém na zékladé
dostupnych védeckych poznatkli posuzuje a nasledné povoluje ¢i zakazuje pouzivani

ruznych zdravotnich tvrzeni na obale potravin.

V piipadé aplikace mleté formy rostlinného materialu bohatého na polyfenoly
¢i extraktu vSak neni mozné jakékoliv zdravotni tvrzeni pouzit, protoZe v soucasné
dobé na seznamu povolenych tvrzeni polyfenoly (kromé¢ polyfenolii z olivového
oleje), uvedeny nejsou, a to i piesto, ze ve védecké literatute existuje fada studii, které
na urcité pozitivni vlastnosti na lidsky organismus poukazuji (viz kapitola 2.2.2). To
znamend, Ze 1 pres soucasné snahy o vyvoj funkénich potravin nelze legalné
jakymkoliv zplisobem upozornit na jejich zdravotni benefity. Na druhou stranu jediné
mozné pouzitelné tvrzeni je vyzivové. Pifi vhodném sloZeni vyrobku obohaceného
mletym materidlem to muze byt tvrzeni ,,zdroj vlakniny*, protoze vétsina rostlinnych

produkti velké mnozstvi vlakniny obsahuje.

V souvislosti s funkénimi nebo fortifikovanymi potravinami je tfeba zminit, ze
pro né V soucasné dob¢ neexistuji legislativni ptedpisy a regulace pro funkéni nebo
fortifikované potraviny pfirodnimi polyfenoly, z ¢ehoz mohou vyplyvat urcité

nedostatky a obavy, které shrnuji Cory et al. (2018). Autofi upozornuji, ze extrahované
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polyfenoly pouzité bud’ pro dopliiky stravy, nebo pro fortifikaci nemusi mit stejny
efekt, jako polyfenoly pritomné ve stravé pfirozené bohaté na polyfenoly. Autofi
rovnéz podotykaji, Ze pro polyfenoly neexistuje doporucena denni davka, a tedy stale
neni jasné, pii jakém mnozstvi je jejich pfidavani bezpecné nebo zdravi prospésné.
Konzumace piilis vysokych davek (napft. stokrat vyssi nez v bézné stravé) by totiz

lidskému zdravi mohla skodit.

2.4 METODY STANOVENI POLYFENOLU A ANTIOXIDACNICH
VLASTNOSTI POTRAVIN

V soucasné dobé¢ existuje Siroka skala metod, které dokazou charakterizovat
ptimo ¢i nepiimo polyfenolické AO a jejich AOA. Oproti tomu jsou vyvinuty metody
stanovujici stabilitu lipidi a proteini a tvorbu produktd vychazejici z jejich oxidace
Vv potravinach. De facto tim také ovétuji AOA potraviny. Proto je tato kapitola
rozdélena na tfi ¢asti, a sice na metody zaméfené na stanoveni polyfenolt, jejich AOA

a na metody zamé&fujici se na oxidacni stabilitu lipidl a proteind.

2.4.1 Metody stanovovani polyfenolu a jejich antioxida¢ni aktivity

Vzhledem k velkému mnozstvi polyfenolickych latek s riznymi chemickymi
vlastnostmi v riznych matricich neexistuje pouze jedna detekéni a kvantifikaéni

metoda. Presto je mozné se v analyze setkat s obecnymi postupy.

2.4.1.1 Metody extrakce polyfenoli

Prvnim krokem je sbér reprezentativniho vzorku, po kterém, v piipadé pevnych
vzorkl, néasleduje suseni, zamrazovani nebo lyofilizace. U tekutych jde o filtraci nebo
odstfed’ovani, po ¢emz mulze byt vzorek rovnou analyzovan nebo mohou nésledovat
dalsi kroky (viz nize). Pevné vzorky (rostliny a potraviny) mohou byt nasledn¢ mlety
a homogenizovany. DalSim krokem je samotnd extrakce, ktera zahrnuje vyuziti smési
vody a organickych rozpoustédel v riznych pomérech podle polarity latek ve vzorku.
Organicka rozpoustédla jsou zastoupena vétSinou ethanolem, methanolem, acetonem,
diethyl etherem a ethyl acetatem. Nicméné ¢im polarnéjsi latky jsou, tim vétsi podil
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vody musi byt pouzit, napi. pro nékteré fenolické kyseliny 100% organické

rozpoustédlo neni vhodné (Tsao a Deng, 2004; Stalikas, 2007).

Samotna extrakce za pouziti vySe zminénych rozpoustédel je v podobé
kapalina-kapalina nebo pevna latka-kapalina. Tyto dva typy jsou nejCastéjsi. Pfi
extrakci kapalina-kapalina se dostava do kontaktu kapalny vzorek s vodou
nemisitelnym nebo tézce misitelnym rozpoustédlem (napft. ethyl acetat, diethyl ether).
Analyt diky své povaze ptechazi do rozpoustédla, ke kterému vykazuje vétsi afinitu.
Extrakce pevna latka-kapalina spociva v kontaktu pevného vzorku s extrakénim
roztokem. Tento typ extrakce muze byt proveden v né€kolika variantich, z nichz

nekteré jsou konvencni a nékteré novejsi.

Mezi konvencéni metody extrakce pevna latka-kapalina patii soxhletova
extrakce a macerace, pti které se vzorek pouze smisi s rozpoustédlem za riznych teplot
nebo se mlze promichdvat ¢i tfepat na laboratorni tfepacce. Nékteré flavonoidy,
zejména fenolické kyseliny jsou kovalentné vazany na bunécéné stény tvofené
nerozpustnymi polysacharidy. V tomto pfipadé je pied extrakci zapotiebi
hydrolyzovat vzorek roztokem NaOH (tzv. alkalicka hydrolyza) o koncentraci 0,1 -
10M po dobu né€kolika hodin. Naproti tomu kyseld hydrolyza (napt. 1% HCI) je
vyuzivana k tomu, aby byly rozruSeny glykosidické vazby. To napomuze stanoveni
celkového obsahu aglykonick¢ formy, coz ncekdy zjednudusi nasledné

chromatografické stanoveni (Acosta-Estrada et al., 2014; Oreopoulou et al., 2019).

Novéjsi typy extrakce zahrnuji napt. vyuziti superkritické fluidni extrakce. Pti
té se nejcastéji vyuziva stlaceného a mirné zahiatého oxidu uhlicitého, ktery za téchto
podminek méni své vlastnosti a ma dobré extrakéni schopnosti. Tento superkriticky
CO2 prochézi ptes patronu, kterd je naplnéna vzorkem a rozpustény analyt je poté

nesen do sbérné nadoby (Herrero et al., 2006).

Dalsi relativné novou technikou je vyuziti extrakce stlacenou kapalinou
(PLE — pressurized liquid extraction). Zde se klasicka rozpoustédla za vysokého tlaku
zahteji nad jejich body varu, pfi¢emz zlstavaji kapalna, a opét protékaji patronou
naplnénou vzorkem. Nésledné je analyt zachycovan ve sbérné nadobce. Vyhodou je

pomérné velka ucinnost a kratka doba extrakce (Mustafa a Turner, 2011).

S touto technikou souvisi i subkriticka extrakce vodou (SWE — subcritical

water extraction), kde je voda za velkého tlaku (10 bar) zahfivana mezi 100 az
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374 °C. Voda poté zméni své vlastnosti a miize rozpoustét analyty, které za béznych

podminek ve vod¢ extrahovatelné nejsou (Zhang et al., 2020).

Ucinngj§i extrakce je dosazeno také pii vyuziti mikrovinného zéafeni.
Mikroviny o frekvenci od 300 MHz do 300 GHz zpuisobi zahtati vody a ta nasledné
zpusobi poskozeni rostlinnych tkani, ze kterych je poté analyt lehce vyplaven do
roztoku rozpoustédla. Velmi Castou metodou se stdva i extrakce za pomoci ultrazvuku
o frekvenci 20-2000 KHz. VInéni poskodi bunééné stény ve vzorku a analyty se mohou
snaze extrahovat do rozpoustédla. Existuji i dal§i metody jako enzymatické hydrolyza
nebo vystaveni vzorku pulzim v elektrickém poli. Tyto metody se vSak casto

Vv analyze potravin nevyuzivaji (Azmir et al., 2013; Acosta-Estrada et al., 2014).

Po extrakci je ve vétsing ptipadt smés rozpoustédla a pevné latky filtrovana
nebo odstfedéna. Poté mohou byt vyuzity postupy K ¢isténi vzorku od interferujicich
latek, které by mohly ztizit detekci. Mezi tyto postupy se fadi napi. vyuziti SPE
kolonek (solid phase extraction — extrakce tuhou fazi), kdy se na kolonku naplnénou
ur¢itym sorbentem (vétSinou uhlovodik C18 vazany na silikagel, ale existuje mnoho
jinych druhti) nanese vyextrahovany vzorek, analyty se podle afinity na sorbentu
zachyti, zatimco necilové latky odtecou pry¢. Nésledné jsou analyty vyplaveny ze
sorbentu pomoci silngjsiho rozpoustédla (a ¢asto vhodného pro separa¢ni analyzy),
¢imz se ziska &isty extrakt (Andrade-Eiroa et al., 2016). Cisténi vzorkii pomoci SPE

neni Casto zapotiebi.

V piipad¢ malé koncentrace analytu v extraktu se mize odpafit rozpoustédlo
bud’ ve vakuové odparce ¢i pod proudem dusiku. Nésledny suchy extrakt se rozpusti

ve vhodngjsim a hlavné mensim objemu nového rozpoustédla.

2.4.1.2 Analytické metody stanoveni polyfenola

Vyextrahovany a vhodné upraveny extrakt se vyuziva k vlastni analyze, ktera
mize byt bud’ neptima, zalozena na stanoveni celé skupiny latek nebo ptima, pti které
se vyuziva zejména separaCnich metod, které mohou identifikovat a kvantifikovat

jednotlivé analyty.

Neptimé metody jsou zalozeny na spektrofotometrickém stanoveni a jejich

principem je barevna zména ¢inidla po reakci s polyfenoly nebo jejich skupin (napft.
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flavonoidy, anthokyany). Tato barevna zména je pak pfimo imérna jejich koncentraci,
ktera se vyjadiuje v ekvivalentech latky na ml nebo g studovaného materidlu. Z téchto
metod lze vyjmenovat stanoveni celkovych polyfenoli pomoci Folin-Ciocalteuovo
¢inidla.

Dalsi metodou je stanoveni celkovych flavonoidd. Pouzivané cCinidlo, jehoz

I**, reaguje s hydroxylovymi skupinami flavonoidi. Tzv. vanilinova

soucasti je iont A
metoda je vyuzivana ke stanoveni kondenzovanych taninfi, flavanoli
a dihydrochalkonti. Zde reaguje vanilin v okyseleném prostiedi s volnou
hydroxylovou skupinou na 3. uhliku v kruhu B. Posledni metodou je stanoveni
celkovych anthokyand. Vyuziva se principu zmény barvy pii zméné pH. VSechny tyto
metody jsou levné a pomérné rychlé, avSak neposkytuji piesné tidaje a jsou spise
orientacni, protoze i jiné necilové latky mohou reagovat s pouzivanymi cinidly
a mohou tak napt. nadhodnocovat vysledky. Z téchto diivodu jsou lepsi pfimé metody

stanoveni (Naczk a Shahidi, 2006; Stalikas, 2007; Ignat et al., 2011; Sampaio Cutrim
a Sloboda Cortez, 2018).

Piimé metody stanoveni polyfenold dokézi detekovat jednotlivé analyty, cehoz
je dosaZeno separaci vV chromatografické koloné. V soucasné dob¢ je drtiva vétSina
polyfenolickych latek stanovovana pomoci HPLC (high performance liquid
chromatography - vysokoucinna kapalinova chromatografie) na reverzni fazi nebo
riznymi variantami HPLC (UHPLC/UPLC - ultra high performance liquid
chromatography).

K separaci v kapalinové chromatografii se nejcastéji vyuzivaji C18 kolony a
jako mobilni faze slouzi obvykle smés vody, methanolu nebo acetonitrilu, které mohou
byt upraveny na uréité pH mravenci, octovou nebo fosfore¢nou kyselinou ¢i jejich
solemi. Po separaci na koloné musi pfijit na fadu identifikace analytu v detektoru.
Nejcastéji vyuzivanymi detektory jsou UV-VIS, resp. DAD detektory (diode array
detector — detektor diodového pole), které dokazi snimat absorbanci v Sirokém pasmu,
od 190 do 800 nm. Tyto detektory jsou vhodné, protoze vétSina polyfenoll absorbuje
UV zafeni v oblastech mezi 220-280 nm (napt. fenolické kyseliny a prvni absorp¢ni
maximum flavonoidit) a mezi 300-550 nm (druhé absorpéni maximum flavonoidi).
Pro stilbeny, napt. resveratrol, je vhodny i fluorescen¢ni detektor. Pro stanoveni

nékterych polyfenoll, napft. isoflavonoidi jsou také popsany metody zaloZené na
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plynové chromatografie (GC — gas chromatography). Zde je vSak nutné analyty
nejdiive derivatizovat na methylestery, coz doda latkdm potfebnou tékavost pro

separaci v koloné (Naczk a Shahidi, 2006; Stalikas, 2007; Tsao 2010).

Nejvétsi rozvoj je vsak ve vyuzivani spraznych technik, resp. pouziti HPLC
s tandemovou hmotnostni spektrometrii (MS/MS — tandem mass spectrometry), toto
spojeni je poté oznacovano jako LC-MS/MS (liquid chromatography — tandem mass
spektrometry: kapalinova chromatografie s tandemovou hmotnostni spektrometrii).
Tato metoda vyuziva fragmentaci molekul a poskytuje tak informace 0 struktufe latky
a zaroven je schopna Vv rezimu MRM (multiple reaction monitoring) tyto analyty
kvantifikovat, a to i v ptipad¢, Ze dochazi ke koeluci (Naczk a Shahidi, 2006; Stalikas,
2007; Tsao 2010). Pfiblizna identifikace koeluovanych latek je znazornéna na obrazku
9.

K analyze polyfenoli se také wvyuzivaji dalS$i metody, jako kapilarni
elektroforéza, NIR spektroskopie (near infra-red — blizka infracervena spektroskopie)
nebo nuklearni magneticka resonance (Ajila et al., 2010) Tyto metody jsou vsak pfilis

specifické, a pro bézné analyzy se ve vétsi mife nepouzivaji.
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Obrazek 9. Identifikace koeluovanych latkek v dzemu z hlohu pefenoklaného
(Crataegus pinnatifida Bunge) pomoci HPLC-MS/MS.
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Poznamka: a) hlohovy extrakt byl analyzovany pomoci HPLC s UV detektorem pii 280 nm: je vidét pouze jeden
pik (oznaceny v ovalu); b) zdznam hmotnostnich spekter (m/z) ptislusného piku (bez fragmentace, negativni mod
s elektrosprejovou ionizaci [M-H]), jsou vidét dvé dominantni latky s molekulovou hmotnosti 577 a 463; c)
provedeni MS/MS: fragmentace molekuly o hmotnosti 577 dava vznik fragmentiim o hmotnostech 425, 289 a 125;
d) provedeni MS/MS: fragmentace molekuly o hmotnosti 463 dava vznik dcefiného iontu 0 molekulové hmotnosti
301; po ziskani téchto hmotnostnich spekter 1ze patrat v literatufe nebo knihovnach hmotnostnich spekter a najit
tak informace o téchto latkach, které se vyskytuji v hlohu pefenoklanném; e) standard hyperosidu: v piipadé
dostupného standardu je mozné ové&fit retenéni Cas latky ve vzorku, podle kterého je mozné s jistototu potvrdit, ze
jedna z koeluovanych latek ve vzorku je hyperosid a druha prokyanidin dimer typ B; tyto latky byly identifikovany

podle Liu et al. (2010), pomoci reten¢nich ¢asti a hmotnostnich spekter dostupného standardu (hyperosidu).
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2.4.2 Metody stanoveni antioxidacni aktivity

Metody, které stanovuji AOA, resp. ,silu“ ¢&i acinnost AO jsou
spektrofotometrické metody zalozené na zméné barvy po reakci AO s ¢inidlem, ktera

je pfimo imérna antioxida¢nim schopnostem studovanych latek.

4

Nejznaméjsi je metoda vyuzivajici stabilni radikal DPPH (2,2-difenyl-1-
pikrylhydrazyl), ktery po reakci s AO méni barvu. Na podobném principu funguje
i metoda ABTS (2,2¢-azinobis(3-ethylbenzothiazolin-6-sulfonat). Casto vyuZivanou
metodou je i FRAP (ferric reducing antioxidant power), ve které je redukovano
trojmocné zelezo na dvojmocné, které tvoii s 2,4,6-tripyridyl-s-triazinem modry
komplex. Dalsi pomérmné vyuZivanou metodou je ORAC (oxygen radical absorbance
capacity), pti které se v testovaném systému generuji kyslikové radikaly a nasledné se
hodnoti schopnost testované latky zpomalit nebo =zastavit radikalovou reakci.
Stanoveni se provadi métenim ubytku fluorescence. VSechny tyto metody maji urcité
nedostatky, protoze nedokazi dobie vystihnout fyziologické podminky v téle, nicméné
poskytuji alesponi orienta¢ni predstavu o u¢innosti AO Vv potraviné (Paulova et al.,

2004; Tsao a Deng, 2004).

Kromé vySe uvedenych metod jsou vyuzivany jesté dal§i metody, které jsou
popsany napt. v ptehledovém ¢lanku Gupta (2015), nicméné jejich popis by byl nad

rdmec této prace.

2.4.3 Metody stanoveni miry oxidace lipidii a proteini

Metody stanoveni miry oxidace lipidd a proteint do ur¢ité miry souvisi s AOA.
Jejich principem vsak neni stanoveni AO ¢i jejich vlastnosti, ale zaméfuji se predev§im
na oxidacni produkty, které se déli na primarni a sekundarni (viz kapitola 2.3.1). | kdyz
se Vv praxi lze setkat s vice metodami, které dokazi popsat oxida¢ni zmény lipidu,

V potravinarstvi se vyuzivaji jen n€které z nich a na né¢ bude tato kapitola zaméfena.

Primarnimi produkty oxidace lipida jsou hydroperoxidy, které jsou
stanovovany tzv. peroxidovym ¢islem. Jedna se o jodometrické stanoveni, pii kterém
hydroperoxidy reaguji s jodidem, coz vede K vytvoreni jodu, ktery je poté titrovan
thiosiranem sodnym. Jako indikator je vyuzivan Skrob. Vysledek je vyjadien jako mg
aktivniho kysliku obsazeného v 1 g lipida, ktery dokaze oxidovat jodid draselny.
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Peroxidové ¢islo je jedna z nejstarSich a nejpouzivanéjSich metod hodnoceni oxidace
lipidi. Metoda ma i spektrofotometrické provedeni — Stanoveni konjugovanych diend.
Konjugované dvojné vazby se vytvaii v polynenasycenych mastnych kyselinach jako
dasledek oxidace. Konjugované dieny absorbuji UV zafeni pii 234 nm. ZvySeni
absorbce pfi této vinové délce znamena vice konjugovanych dvojnych vazeb, a tedy
vyssi stupenn oxidace (Shantha a Decker, 1994; Laguerre et al., 2007; Pignitter
a Somoza, 2012).

Zmetod stanovujicich sekundarni produkty oxidace lipida je jednou
z nejcastéjSich metod TBARS analyza (thiobarbituric acid reactive substances — latky
reagujici s Kyselinou barbiturovou). Pii oxidaci podléhaji hydroperoxidy degradaci
a vytvari se dalsi oxidaéni produkty, nejéastéji aldehydy. Ty jsou zastoupeny prevazné
MDA a 4-hydroxynonenalem (HNE). MDA reaguje s kyselinou 2-thiobarbiturovou za
vzniku barevného produktu. Absorbance pii 532-535 nm je ptfimo umérna koncentraci

MDA (Papastergiadis et al., 2012).

Podobnou metodou stanovujici i jiné aldehydy nez jen MDA je p-anisidinové
¢islo. Metoda je zaloZena na reakci karbonylové skupiny aldehydii s p-anisidinem, coz
vede k formaci produktu absorbujiciho UV zafeni pii 350 nm (Barriuso et al., 2013).
Zuo et al. (2017) vsak upozoriuji, Ze tato metoda je pouze relativnim posouzenim
oxidace oleje nebo tuku a neposkytuje piesné zastoupeni a koncentraci jednotlivych

oxidac¢nich produkti.

Z téchto duvodt jsou vyuzivany dals$i metody =zaloZzené na principu
chromatografie, které jednotlivé analyty dokazi detekovat. Vzhledem k tomu, ze velka
¢ast sekundarnich produkti oxidace lipidi (aldehydy, ketony, alkoholy a dalsi
uhlovodiky) jsou té€kavé latky, jevi se k vyuZziti jako vhodnd metoda plynové
chromatografie (GC — gas chromatography) spojena s hmotnostni spektrometrii (GC-
MS) (Laguerre et al., 2007).

U produktl oxidace lipida, které tékavé nejsou, je mozné vyuzit HPLC,
nejvyhodnéjsi se opét jevi ve spojeni s hmotnostni spektrometrii, nejlépe tandemovou
(HPLC-MS/MS), kde pti analyze lipidd mohou byt detekéni limity v fadu pikogramui
(Mssey a Nicolaou, 2013).

Dalsi variantou kapalinové chromatografie je i SEC (Size exclusion

chromatography) neboli vyluCovaci chromatografie, u které¢ jsou jako vhodné
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detektory pouzivany RI detektor (refractive index —refraktometricky detektor) a ELSD
(evaporative light scattering detector — odpafovaci detektor rozptylu svétla). SEC je
pouzitelna hlavné pro polymery triacylglycerolti, proto je ¢asto vyuzivana
u fritovacich oleju, kde k polymeraci u déle pouzivaného oleje dochazi (Caldwell et
al., 2011).

Barriuso et al. (2013) uvadi, Ze existuji i dal$i metody na posuzovani
oxidaénich produkti lipidd. Jsou to napf. chemiluminescence, fluorescenéni
spektroskopie, infracervend spektroskopie, Ramanova spektroskopie, nukledrni
magnetickd resonance a elektronova paramagnetickd resonance. Tyto metody jsou
velmi specifické a pro bézné posuzovani oxidace lipidii v potravinach se pfilis

nevyuzivaji.

Jak bylo zminéno v pfedchozich kapitolach, lipidy nejsou jedinym substratem
pro oxidacni pochody. Vyznamnou sloZkou potravin jsou i proteiny, které také
podléhaji oxidaci. | zde je mozno setkat se srozmanitou skupinou metod, avSak
Vv publikacich zaméfenych na oxidaci proteinii ve velké mife pfevazuje metoda
stanovujici proteinové karbonyly, tzv. DNPH metoda (2,4-dinitrofenylhydrazin).
Oxidaéni modifikace proteini mize vést k tvorbé karbonylovych derivati peptidi
a aminokyselin. Karbonylové derivaty vytvaii s DNPH produkt detekovatelny pti 370

nm a absorbance je piimo umérna karbonylovych sloucenin (Nollet a Toldra, 2008).
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3 CIiLPRACE

Hlavni naplni disertacni prace bylo studium vlivu pfidavku surovin bohatych

na polyfenolické slouceniny na chemické, technologické a senzorické vlastnosti bézné

konzumovanych potravin. Jednalo se zejména o komer¢né dostupny extrakt

rozmarynu l¢katského (Rosmarinus officinalis L.) Inolens 4 o a vedlejsi produkty

cibule kuchynské (Allium cepa L.) jakozto odpadni suroviny vznikajici pfi zpracovani

cibule kuchynské.

Dil¢imi cili prace bylo:

- najit vhodnou formu cibulovych slupek (¢isty extrakt/vodny vyluh/namleté sypka

smes), ktera by slouzila jako obohacujici slozka pro potraviny za ucelem zvyseni

jejich oxidaéni stability,

- ovéfit ucinnost pridané slozky bohaté na antioxidanty ve vybranych potravinach

rostlinného a Zivo¢isného puvodu, zejména posoudit antioxidacni aktivitu

obohacené potraviny, miru oxidace lipidi a tepelnou stabilitu polyfenolickych

latek,

- posoudit vliv pfidavku na senzorické vlastnosti fortifikované potraviny.

Diserta¢ni prace vznikla za finanéni podpory a v souvislosti s feSenim téchto projekti:

NAZV KUS QJ1610324 — Studium tradi¢nich a novych zemé&délskych plodin
jako zdrojt antioxidantii a dal$ich zdravi prospésnych latek a jejich vyuziti pti
vyrobé potravin,

TACR GAMA TG03010027 — Posileni aktivit proof-of-concept na Jihodeské
univerzité: dil¢i projekt: Aplikacni moznosti fermentace bezlepkovych surovin
pro zpracovani na bezlepkové pekaiské vyrobky s vyssi vyzivovou hodnotou,

GAJU 002/2016/Z — Genetika, zdravi zvifat a kvalita produkti jako zaklad
konkurenceschopnosti,

GAJU 028/2019/Z — Genetika, zdravi zvitat a biologicky a senzoricky aktivni
latky jako zakladni pfedpoklady kvalitnich potravin a zemédélskych surovin,

GAJU 032/2018/T — Vyuziti odpadnich produktd pii péstovani a zpracovani

cibule kuchynské (Allium cepa L.) jako zdroje biologicky a technologicky
cennych latek v potravinarské vyrobg,
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= NAZV KUS QJ1510336 — Vyzkum a podpora produkce zdravotné
spottebitelsky benefitnich mléénych vyrobkl cilenou selekci a modifikaci
profilu mastnych kyselin mlééného tuku.
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4 MATERIAL A METODIKA
41 MATERIAL

Komeréné dostupny extrakt rozmarynu lékaiského Inolens 4 (Vitiva d.d.,
Slovinsko). Hlavni u¢inné slozky byly karnosol a karnosova kyselina. Antioxidant je
schvaleny jako potravinaiska piidatna latka oznacena kodem E392 podle Natizeni

Evropského parlamentu a Rady (ES) ¢. 1333/2008.

Vedlejsi (odpadni) produkty pii zpracovani cibule kuchynské byly poskytnuty
firmou VITAL Czech s.r.o., Viestary, Ceska republika. Tato zemé&délska firma je
jednim z nejvétSich producentt cibule kuchyniské ve stfedni Evropé. Vedlejsi produkty
byly slozeny ptednostné z cibulovych slupek a malych ¢i deformovanych, ale jinak
zdravych cibuli dvou odrid: zluta Hybelle a ¢ervena Lisa. Vzhledem k velkému
zneCisSténi zeminou nebyly odebirdny nejsvrchnéjsi slupky, které se separuji pfi
Tyto Cisté slupky vznikaji pfi expedici cibule, tedy v dobé, kdy uz jsou Spinavé slupky

oddélené. Schéma odbéru cibulovych slupek je zndzornéno na obrazku 10.

Obrazek 10. Schéma tiidéni cibuli a odbér ¢istych slupek.

* 1. ptebirani Cerstve sklizenych cibuli a
oddélovani Spinavych slupek
Uskladnovani
cibuli

<

Skladovani
cibuli

<

* 2. prebirani pfed expedici a oddélovani
Cistych slupek
* odbér Cistych slupek

Expedice
cibuli

\

<
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42 METODIKA
4.2.1 Priprava fortifikovanych potravin

Typy potravin uréené pro obohaceni byly vybrany na zakladé splnéni téchto

podminek:
1.) jsou bézn¢ konzumovang,
2.) obsahuji lipidy nachylné k oxidaci a
3.) jsou vhodné pro fortifikaci z hlediska senzorickych vlastnosti.

Z téchto divodl byly vybrany nasledujici typy potravin: rybi filety, vepirové
karbanatky, bezlepkovy chléb a rybi klobasa. Tabulka 4 shrnuje druh obohacujici
slozky a procento jejiho ptidavku. Konkrétni slozeni a postupy vyroby jsou popsany
Vv jednotlivych publikacich (kapitoly 5.1, 5.2, 5.3 a 5.4).

Tabulka 4. Aplikace riznych forem obohacujici slozky do potravin.

Obohacujici slozka aplikovana do potravin

SmazZena cibule,

Rozmarynovy Vodny vyluh suSena cibule a Mouka z cibulovych
extrakt z cibulovych slupek  mouka z cibulovych slupek
slupek
! ! ! !
Rybi filety Veprové karbanatky  Bezlepkové chleby Rybi klobasy
Rozmarynovy extrakt Vodné vyluhy 5 % bezlepkové smési  Mouka z cibulovych
byl roziedén na 0,5, 1 cibulovych slupek mouk slupek zluté odrady

a2 % ve vodé. Filety  Zluté a Cervené odridy  nahrazeno riznymi  aplikovana do klobasy
byly rozdéleny na 4 byly aplikovany do frakcemi cibulového vyrobené z rybiho

skupiny. Poté byly na  karbanatkl z veptové odpadu Cervené strojné oddéleného
10 minut ponoieny do krkovice. Celkem odrudy. Celkem byly =~ masa. Celkem byly 4
roziedénych extrakti bylo 5 skupin: 4 skupiny: kontrolni,  skupiny, kontrolni, 1,
o prislusné kontrolni, 10 a 20 % smazena cibule, 2 a 3 % ptidavku
koncentraci. U pridavku vyluhu ze  suSena cibule a mouka slupkové mouky.
kontrolniho vzorku zlutych cibulovych z cibulovych slupek.
byla pouzita misto slupek a 10 a 20 %
extraktu voda. ptidavku ¢ervenych
cibulovych slupek.

4.2.2 Analytické metody

Analyzy, které byly pouzité pti experimentech, jsou shrnuty v tabulce 5.

Detailni popis jednotlivych analyz je popsan v kazdé publikaci. Sté¢zejnimi analyzami
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u fortifikovanych potravin byly vzdy AOA (metodou DPPH), senzoricka analyza
a pokud se jednalo o masny vyrobek, byla vzdy provedena analyza sekundarni oxidace

lipidii (TBARS).

Tabulka 5. Ptehled provedenych analyz u forem cibulovych slupek a fortifikovanych

potravin.
Cibulové slupky Fortifikovana potravina
Analyza Vodny  Namleta Rybi Veprové Bezlepkové Rybi
vyluh mouka filety*  karbanatky chleby klobasy
Zakladni
chemické X X X
sloZeni**

Antioxida¢ni vlastnosti
Celkové
polyfenoly
DPPH X
FRAP X
LC-MS/MS X

X

X X X X
X X X X

Oxidac¢ni stabilita tuku

TBARS X X X
Peroxidové
¢islo

pH X X

Fyzikalni vlastnosti

Analyza barvy X X X
Hmotnostni

ztrata po

tepelném

opracovani

Analyza textury X
Vaznost vody X

Mikrobiologické vySetieni

CPM X X
Psychrofilni X
Senzoricka

, X X X X
analyza

DPPH: 2,2-difenyl-1-pikrylhydrazyl; FRAP: ferric reducing antioxidant power; LC-
MS/MS: liquid chromatography — tandem mass spectrometry; TBARS: thiobarbituric
acid reactive substances; CPM: celkovy pocet mikroorganismii *Rozmarynovy extrakt
Inolens 4, aplikovany na rybi filety, analyzovan nebyl. Pti experimentech se vychazelo
z deklarace vyrobce, ktery udava, ze aktivni latky extraktu jsou karnosol a karnosova
kyselina; **Zakladni chemické slozeni: voda, tuk, bilkoviny, lipidy, stl, popel
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5 VYSLEDKY A DISKUZE

Tato kapitola bude ¢lenéna do 4 podkapitol, které predstavuji 3 publikované
vysledky v Casopisech simpakt faktorem a 1 vysledek ve formé manuskriptu
ptipraveného k odeslani do redakce. V kazdé podkapitole bude kratky souhrn

pfislusnych publikaci.

Prace byla zaméfena na studium vlivu pfidavku surovin bohatych na AO do
béznych potravin. Na zaklad¢é predbéznych vysledkl byla prace nasledné zamétena
vice na vyuzivani vedlejSich produktt cibule kuchyniské, zejména slupky, jako zdroj
AO pro fortifikaci potravin. Cibule kuchyiskd je zhlediska vyprodukovaného
mnozstvi druhou nejpéstovangjsi zeleninou na svété. Jeji péstovani a zpracovani je
spojeno s generovanim velkého mnozstvi odpadu, ktery by mohl byt vhodnym
zdrojem technologicky i biologicky prospésnych latek.

52



51 VLIV EXTRAKTU Z ROZMARYNU NA SKLADOVATELNOST
RYBICH FILET

Linhartova, Z., Lunda, R., Dvorak, P., Barta, J., Bartova, V., Kadlec, J., Samkova, E.,
Bedrnicek, J., Pesek, M., Laknerova, 1., Mozina, S.S., Smetana, P., Mraz, J. 2019. Influence
of rosemary extract (Rosmarinus officinalis) to extend the shelf life of vacuum-packed rainbow
trout (Oncorhynchus mykiss) fillets stored under refrigerated conditions. Aquaculture
International, 27: 833-847.

Skladovatelnost riznych potravin se 1isi s ohledem na rozdilny obsah vody
a skladbu Zivin. NeoSetiené rybi maso se rychle kazi a ma nejkratsi skladovatelnost
oproti ostatnim potravindm, jako jsou zrniny, zelenina, ovoce a ostatni druhy masa.

Hlavnimi divody jsou vyssi obsah vody a vyssi pH (Chang et al., 2020).

Rychlé mikrobidlni a biochemické reakce, které probihaji po pordzce ryb,
vedou ke zménam v senzorickych a nutriénich vlastnostech a zhorSuji tak
skladovatelnost. Pro zamezeni téchto procesi se ¢asto vyuzivaji rostlinné extrakty,
které maji antioxidacni i antimikrobidlni vlastnosti (Olatunde a Benjakul, 2018).
Velmi ¢asto vyuzivany je také extrakt z rozmarynu 1ékatského (Rosmarinus officinalis

L.), ktery je velmi u¢inny a komeréné dostupny (Xie et al., 2017).

Cilem této studie bylo prodlouzit skladovatelnost erstvych filet z pstruha
duhového (Oncorhynchus mykiss L.) pomoci extraktu zrozmarynu lékaiského

Inolens 4.

Extrakt z rozmarynu byl ziedén ve vodé na koncentrace 0,5 %, 1 % a 2 %.
V kontrolni skupiné byla pouzita pouze pitna voda. Do zfedénych extrakti, resp. vody
byly na 10 minut ponoteny vzorky filet. Poté byly vyjmuty a ponechany na odkapani,
nasledné vakuové zabaleny a uskladnény po dobu 14 dnu pii teplot¢ 4 °C.

Sledovanymi parametry byly:

pocet celkovych mikroorganismu,
oxidace lipida,

AOA (metodou DPPH) a
senzorickd analyza.

Osetieni vzorkn extraktem rozmarynu mélo pozitivni efekt na skladovatelnost.

Béhem skladovani méla kontrolni skupina vyrazn€ vyss$i celkové pocty
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mikroorganismi a koncentraci MDA, naznacujici vyraznou oxidaci lipidia. AOA (graf
2; neni soucast publikace) byla zvySena u vSech skupin oSetfenych extraktem, pouze
u skupiny oSetfené 2% roztokem bylo navySeni statisticky vyznamné. Ptesto, Ze se
AOA u skupin 0,5 % a 1 % statisticky vyznamné nezvysila, byly tyto koncentrace

dostate¢né ucinné pro potlaceni oxidace.

Senzorické hodnoceni ukéazalo, Ze nejlépe hodnocené byly vzorky oSetiené
0,5% roztokem extraktu. Z vysledka vyplyva, ze pouziti extraktu nemélo negativni

vliv na senzorické vlastnosti.

Graf 2. Antioxidac¢ni aktivita (DPPH) rybich filetd oSetfenych rozmarynovym
extraktem.
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Sloupce v grafu predstavuji primér + smérodatnou odchylku (n = 4); P sloupce pro
DPPH s riiznymi indexy se statisticky vyznamné 1isi; statistickd analyza: ANOVA +
post hoc Tukey HSD test; a = 0,05; DPPH: 2,2-difenyl-1-pikrylhydrazyl

V zavéru lze konstatovat, ze rozmarynovy extrakt byl dostate¢né uGcinny

k prodlouZeni skladovatelnosti syrovych vakuové balenych filett pstruha duhového.
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Abstract

The effects of three concentrations (0.5, 1.0 and 2%) of rosemary extract “Inolens 4" and
control (without additive) on microbiological quality, sensory attributes, colour parameters and
oxidative stability of rainbow trout (Oncorhynchus mykiss) fillets during refrigerated storage
after different periods (0, 3, 6, 10 and 14 days) were investigated. Microbial communities grew
to between 1.93 and 2.29 colony-forming units per gramme (log CFU g '), 5.10 and 5.27, 5.12
and 5.80 and 6.34 and 7.66 log CFU g ! after 0, 6, 8 and 10 days of storage, respectively, and
fillets treated with Inolens 0.5 showed the lowest total viable counts among all analysed
groups. Also, sensory analyses showed that Inolens 0.5 achieved best scores in all sensory
attributes of cooked flesh. Evaluation of lipid oxidation parameters proved that treatment with
Inolens 4 had a positive effect, leading to delay oxidation processes in flesh.

Keywords Antioxidant - Fish flesh - Lipid oxidation - Microbiological analyses - Sensory
attributes

Introduction

One of the most important parameters of fish flesh quality is the freshness (Alasavar et al.
2011). Generally, fish flesh, in comparison to poultry, pork or beef (Grau et al. 2011), is known
for its very short shelf life, due to faster chemical and biological changes (such as oxidation of
lipids, autolytic changes, metabolic activities of microorganisms) starting at the onset of the
fish death (FAO 2005). This is affected by high water, nitrogen and protein content; low
content of carbohydrates (close to neutral pH); and the presence of native autolytic and
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microbial proteolytic activity in fish flesh (Sivertsvik et al. 2002). Thus, it is desirable to
extend the time from killing the fish to its consumption and maintain freshness of flesh
(Pacquit et al. 2007). There are many factors that affect freshness parameters of fish flesh
such as: age of the fish, methods and time of fish processing, correct slaughtering and
evisceration, storage temperature during handling, packaging technologies, lipid content and
microbial contamination (Gates 2011; Pearce et al. 2011). From consumers’ point of view, the
colour and odour of fresh fish are the two most important quality parameters. Better results for
fish freshness can be achieved using additives that suppress the growth of undesirable
microorganisms, increase antioxidant capacity and have positive effect on other qualitative
parameters (Pezeshk et al. 2015).

Recently, a great interest has been shown in natural additives because of the numerous benefits
that they promise to human health. Among the most commonly used natural additives belong
essential oils, plant extracts and herbs (Burt 2004; Holley and Patel 2005; Bakkali et al. 2008).
Particular attention is being paid to the antioxidant and antimicrobial effects of extracts from the
family Lamiaceae as rosemary (Rosmarinus officinalis), oregano (Origanum glandulosum),
thyme (Thymus vulgaris), sage (Salvia officinalis) and also clove (Svzygium aromaticum) and
citrus fruits extracts, which are the most studied natural additives used in the food industry
(McCarthy et al. 2001; Corbo et al. 2008; Alén-Ruiz et al. 2009). Rosemary, belonging to the
Lamiaceae family and being used as a medicinal herb for centuries, is an extremely effective herb
that is the most profusely used active natural agent in food industry (Akhtar et al. 1998; Klan¢nik
et al. 2010; Serdaroglu and Felekoglu 2005). The substances responsible for the high antioxidant
effect of rosemary are phenolic diterpenes mainly including carnosic acid, 12-methoxy carnosic
acid and carnosol (Borras-Linares et al. 2014; Richheimer et al. 1996) and their antioxidant
actions are similar to those of synthetic phenolic antioxidants (Cuvelier et al. 1996). Peiretti et al.
2012 studied the effect of three concentrations (0.2%, 1% and 3%) of rosemary oil (RO) on
minced rainbow trout meat (MTM) and reported improvement of pH and oxidative stability of the
lipids and fatty acids profile, which resulted in a significant extension of MTM shelf life after RO
treatment. Also Li et al. (2012a) indicated that dipping of large yellow croaker (Pseudosciaena
crocea) with tea polyphenol and rosemary extract combined with chitosan coating during
refrigerated storage could extend the shelf life of fish to 8-10 days compared with the control
(untreated) group. Bensid et al. (2014) showed reduced growth of bacteria (Pseudomonas) using
0.04% thyme extract (decrease of 1.92 log colony-forming unit (CFU) g!) on anchovies
(Engraulis encrasicolus) stored on ice. Similar results were obtained using 0.03% oregano extract
(0.79 log CFU g ! reduction) and 0.02% clove (1.13 log CFU g ! reduction).

So far, most studies have focused on the effect of natural additives on bacterial growth or
oxidative changes in fish flesh. However, the positive antimicrobial/antioxidative effects of
these natural substances are not a priority from a consumer perspective. High quality of the
fresh product with ideal sensory properties such as odour, taste, aftertaste, texture and colour
are the most important factors for consumers. It is necessary to study how a natural extract can
influence the organoleptic properties and texture of the final product, because it may not
always be positively attributed by consumers. As an example, Pezeshk et al. (2015), used
thyme extract, which positively inhibited the bacterial growth, but on the other hand, nega-
tively affected the texture, colour, aroma and taste of the rainbow trout fillets. Similar results
were obtained by Andevari and Rezaei (2011) using cinnamon oil, which negatively affected
mainly the colour of rainbow trout flesh. As mentioned before, plant extracts are strong
antioxidants, but may have a negative effect on taste. Therefore, pre-tests for the improvement
of sensory characteristics as well as better fish flesh quality and longer shelf life are needed and

‘2_) Springer

56



Aquaculture International (2019) 27:833-847 835

could improve the fish consumption. For the present study, we have chosen a commercial
product from the company Vitiva d.d., Slovenia—a rosemary extract called “Inolens 4 with
active antioxidant substances (carnosol and carnosic acid). However, the effect of the product
of rosemary extract Inolens 4 on microbiological, sensory, colour and lipid oxidation param-
eters analyses of flesh in rainbow trout has not been investigated yet.

The main objective of this study was to evaluate the effects of natural additive Inolens 4,
following sensory and colour analyses, microbiological growth and lipid oxidation parameters
of vacuum-packed rainbow trout fillets stored under refrigerated conditions

Materials and methods
Experimental fish, filleting and treatments

Farmed rainbow trouts of marketable size (414 + 86 g) were obtained from a local company
Lesy a rybniky mésta Ceské Budé&jovice s.r.o., Czech Republic, in November 2016. Fish were
immediately transported to the processing facilities of the Institute of Aquaculture and
Protection of Waters (IAPW), Faculty of Fisheries and Protection of Waters (FFPW), Univer-
sity of South Bohemia (USB) in Ceské Budgjovice, Czech Republic. Then, 48 fish were
randomly selected and divided into four experimental groups (7 = 12 per group). Fish from
cach group were stunned, weighted, beheaded, gutted and filleted. All fish were hand filleted
by the same person to ensure consistency. Fillets were washed in cold water with ice.
Experimental fish were processed per group (12 fish per group), which were named based
on the concentration of the used rosemary extract Inolens 4 (Vitiva d.d., Slovenia). Four
different treatments were applied: (A) control (without any additive); (B) Inolens 0.5 (Inolens
of concentration 0.5% with dilution 5 mL/1 L of tap water); (C) Inolens 1.0 (Inolens of
concentration 1.0% with dilution 10 mL/1 L of tap water) and (D) Inolens 2.0 (Inolens of
concentration 2.0% with dilution 20 mL/1 L of tap water). After filleting, fillets were washed
in a bath with the appropriate dilution of Inolens in cold tap water for 10 min (control group
only bath with tap water) and led to drip on grids for 5 min. Five grams of muscle was cut from
each fillet, frozen at — 80 °C for later analysis of the compliance with the permitted levels of
active substances (carnosol and carnosic acid) of rosemary extract according to Regulation
(EC) No. 1333/2008 of the European Parliament and of the council with regard to the use of
extracts of rosemary (E 392) in certain low-fat meat and fish. These analyses were done by the
company Vitiva d.d., Slovenia. Subsequently, fillets from each group were packed separately
in polyvinyl chloride bags, vacuumed and stored in straight horizontal position separately in
refrigerated chambers at a temperature of 4.3 = 0.6 °C for up to 14 days.

Sensory and microbiological analyses were performed on days 0, 3, 6 and 10 and colour
analysis on days 0 and 7. Sampling for lipid oxidation analyses was done on days 0, 8, 10 and
14 and samples were frozen at — 80 °C for later analyses.

Microbiological analyses

Microbiological analyses were performed on storage days 0, 3, 6 and 10 in duplicates. Ten grams
of individual right trout fillet (» = 10 per experimental group) was cut, weighed and homogenised
with 90 mL of sterile peptone water (0.1 % peptone, Sigma-Aldrich, Prague, Czech Republic) in
Stomacher Classic Panoramic IU500 (IUL Instruments, Spain) for 90 s. Further decimal dilutions
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were made with the same diluent and diluted inoculum was poured with molten plate count agar
(PCA, Sigma-Aldrich, Prague, Czech Republic) and congealed. PCA plates were incubated under
acrobic conditions at 30 °C for 72 h. Total viable counts (TVC) were determined after incubation
and recorded as log colony-forming units per gramme.

Sensory analyses

Sensory analyses were evaluated on raw fillets at days 0, 6, 8 and 10 and on cooked fillets on
days 0, 6 and 8. Sensory quality of raw and cooked fillets was evaluated by a panel of 10
trained members from the staff of Institute of Aquaculture and Protection of Waters (IAPW),
Faculty of Fisheries and Protection of Waters (FFPW), University of South Bohemia (USB),
Ceské Budgjovice, Czech Republic, in individual cubicles to separate panellists from each
other (ISO 8589 2007) under controlled conditions of light, temperature and humidity. The
evaluators were asked to avoid the following prior to the test: drinking coffee, eating spicy
food, being too hungry or too full, smoking and wearing strong perfumes. Sensory analyses of
cooked samples were composed of three small pieces of flesh (2 x 2 ¢cm), each from a different
part of fillet of the appropriate group, placed separately in 0.2-L glass jars with a lid labelled
with random 3- or 4-digit codes and cooked for 15 min at 150 °C in an electric oven. To
comply with the rules of ISO 6658 (2005) and ISO 8589 (2007), no salt, oil, or spices were
added. Samples of each group were served warm, in unopened jars and evaluation of each
sample was performed twice under different coding with 30-min break between assessments.
The panellists classified five parameters, namely odour, flavour, after taste, consistency and
assessing of liking and were supposed to indicate the rating by assigning a point on a 100-mm
unstructured hedonic scale (0 mm = very good fresh quality; 100 mm = spoiled quality). Points
in hedonic scale were measured by a ruler, converted to numbers and statistically analysed.
Sensory analysis of raw fillets of rainbow trout were examined by four attributes by numbers
from 1 to 5, namely: consistency (5 = firm; 1 = soft); colour/discolouration (5 = no
discolouration; 1 = extreme discolouration), odour (5 = extremely desirable; 1 = extremely
undesirable) and overall acceptability (5 = extremely acceptable; 1 = extremely unacceptable)
according to Masilko et al. (2015).

Colour measurement

Colour of rainbow trout fillets of the four experimental groups (7 = 5 per group) during storage
(days 0 and 7) was measured at three locations along the dorsal part: A = frontal; B = mid and
C = caudal, and two locations along the ventral part: D = frontal and E = caudal. Colour was
measured at five locations of each fillet to represent the whole surface using a Colour
Spectrophotometer CM-600d (Konica Minolta Inc., Japan). Colorimetric data represented as
CIE L* = whiteness, a* = the red-green axis and b* = the yellow-blue axis were measured
directly on the fillets and each spot was measured in duplicates.

Spectrophotometric determination of lipid oxidation parameters: thiobarbituric acid
reactive substances and peroxide value

Samplings for lipid oxidation analyses were performed on days 0, 8, 10 and 14. Five grammes
of muscle was cut and homogenised in a table blender. Lipid oxidation parameters were
determined by two spectrophotometric methods.
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Firstly, lipid hydroperoxides determined by peroxide value (PV) was performed according
to Shanta and Decker (1994) and Richards and Hultin (2002). To 1-g homogenised sample
(each sample in triplicates), ice cold chloroform/methanol (2:1 v/v) was added and
homogenised with T18 basic Ultra-Turrax (IKA, Germany) for 3 min. The homogenate was
filtrated, 0.5% NaCl was added, vortexed and centrifuged at 3000xg (Hereus Megafuge 16R,
Thermo Scientific, Waltham, MA, USA) for 5 min. Lower phase was additionally diluted. To
2.5 mL of final sample solution, ammonium thiocyanate and iron (II) chloride were added.
Samples were incubated in the dark, at room temperature for 20 min. After incubation, the
absorbance was determined at S00 nm on spectrophotometer Spectroquant Pharo 100 (Merck
s.r.o., Prague, Czech Republic). Calibration curve was prepared with iron (III) chloride and
results were expressed as milliequivalents of peroxide per kilogram of sample. Analyses were
performed on samples from four experimental groups from the beginning (day 0) and at the
end (day 14) of storage.

Secondly, thiobarbituric acid reactive substances (TBARS) were performed following the
method of Miller (1998). To 1-g homogenised sample (each sample in triplicates),
butylhydroxytoluene (BHT) and 10% TCA in 0.2 M H;PO, solutions were added and
homogenised with T18 basic Ultra-Turrax (IKA, Germany) for 1 min. After homogenisation
and filtration, 0.02 M thiobarbituric acid (TBA) was added to the filtrate, vortexed and heated
for 30 min at 85 °C. After heating, each sample was pipetted in triplicates on 96-well plate and
the absorbance was determined at 550 nm on PLATE Reader AF 2200 (Eppendorf AG,
Hamburg, Germany). Standard curve was prepared with triethyl phosphate (TEP) and results
were expressed as micrograms of malondialdehyde (MDA) per gramme of sample. Analyses
were performed on samples from four experimental groups and storage days 0, 8, 10 and 14.

Free radical scavenging method

The antioxidant activity (AOA) of rosemary extract was determined using 2.2-diphenyl
picrylhydrazyl (DPPH) as a free radical. Samplings for AOA analyses were performed on
day 0. Ten grammes of muscle of fillets (n = 10 per treatment) was cut and stored at — 80 °C
for analyses. On the day of analysis, samples were homogenised. To 0.5-g homogenised
sample (each sample in triplicates), 0.5 mL of methanol was added. Samples were extracted for
10 min and centrifuged at 7000xg (Hereus Megafuge 16R, Thermo Scientific, Waltham, MA,
USA) at 5 °C for 15 min. The analytical amount of DPPH was estimated based on the
procedure described by Brand-Williams et al. (1995) and Sanchez-Moreno et al. (1998) with
slighter modifications. To 4 mL of methanol-DPPH solution at a concentration of 0.0275 mg
mL !, 100 uL of extracted supernatant was added and incubated at room temperature for 2 h.
After incubation, the absorbance was determined at 515 nm against methanol. The evaluation
was performed using the external standard method (Trolox). The results were expressed as
milligrammes of Trolox equivalent (TE) per gramme of dry matter of fish, showing the same
AOA as antioxidants present in 1-g sample.

Statistical analyses

All data were calculated as means + standard deviations (SD). The microbiological and
spectrophotometric data were performed with analysis of variance (ANOVA) with subsequent
post hoc comparisons using Tukey’s honest significant difference (HSD) or Fisher’s low
significant difference (LSD) tests. Sensory analyses were evaluated using hierarchical ANOVA
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(assessors nested in treatments, assessments nested in assessors) using Fisher’s LSD test. In the
same way, colour measurement were performed using hierarchical ANOVA (storage days
nested in treatments) using Fisher’s LSD test. Probability values of p < 0.05 were considered
as significant. All statistical analyses were performed using STATISTICA software (Version
12, StatSoft, Inc., 2013) for MS Windows.

Results and discussion
Fish sample and filleting

The bodyweight of fish of all analysed groups namely control, Inolens 0.5, Inolens 1.0
and Inolens 2.0 was 413.98 + 87.59 g. Morcover, weight of right and left fillets was
examined and were 135.66 + 17.79 and 137.56 + 20.12 g, respectively. High filleting
yield with very low SD (59.59 + 1.33%) and no significance difference (Fisher’s LSD
test, p > 0.05, n = 12 per treatment) between the weight of right and left fillets show
professional filleting of only one qualified person. The analyses done by Vitiva d.d.,
Slovenia, on compliance with the permitted levels of active substances (carnosol and
carnosic acid) of rosemary extract according to Regulation (EC) No. 1333/2008 were in
regulation (10-12 mg/kg of carnosic acid and carnosol) and did not exceed the limit
value 15 mg/kg expressed as the sum of carnosic acid and carnosol for low-fat meat
and fish.

Microbiological analyses

Figure 1 shows the changes in TVC (log CFU g!) in trout fillets of four experimental
groups during storage (days of analyses = 0, 3, 8 and 10). The highest bacterial growth
was documented in the control group and the lowest in the group Inolens 0.5 during all
days of analyses (Fig. 1). The initial load was 1.93-2.29 log CFU g ! and increased to
5.10-5.27, 5.12-5.80 and 6.34-7.66 log CFU g ! after 6, 8 and 10 days of storage in
tested groups. respectively. Considering the 7 log CFU g ! as an upper acceptable level
for TVC in samples of fish fillets (ICMSF 1986), this limit was exceeded on day 10 and
only in the control group (7.66 + 0.38 log CFU g ). Inolens 0.5 showed the smallest
increases in TVC during storage. This proves our hypothesis that Inolens inhibits
microbial growth and extended the shelf life of rainbow trout fillets to 10 days. Similar
results were demonstrated by Gao et al. (2014), where rosemary extract in combination
with nisin extended the shelf life of pompano (Trachinotus ovatus) fillet for 6 days
compared to control during chilled storage. This is in accordance with reports of Li
et al. (2012a, b), who studied the effect of 2% rosemary extract in crucian carp and
microbial deterioration was delayed about 5 days. Jiang et al. (2011) identified that
rosemary essential oil had strong antibacterial activity against Gram-positive and Gram-
negative bacteria. Also, Coban and Ozpolat (2013) reported that rosemary extract was
effective in reduction of bacteria growth. Mahmoud et al. (2004) documented that various
essential oils reduced growth total aerobic mesophilic and psychrotrophic bacteria.
Likewise, Oguzhan Yildiz (2015) confirmed that the thyme and rosemary oil effectively
inhibited the growth of total aerobic flora. Similar results have been reported in other
recent studies (Ucak et al. 2011; Erkan 2012; Coban and Can 2013).
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Fig. 1. Changes in total viable counts of four experimental groups (control, Inolens 0.5, Inolens 1.0 and Inolens
2.0) of rainbow trout fillets in dependence on the length of storage period (days 0, 3, 6 and 10) at 4.3 = 0.6 °C.
Data are shown as mean (bars) + standard deviation (whiskers) within the treatments. Bars with the same letters
are not significantly different (Tukey’s HSD test, p < 0.05), n = 10 per treatment

Sensory evaluation

The best way for fish freshness evaluation is the organoleptic assessment. If the plant
extract/essential oil has a positive antibacterial and antioxidant effect, the organoleptic
consumers’ preferences and satisfaction would be important (Pezeshk et al. 2015).
Figure 2 documents the development of sensory properties (texture, colour, odour and
overall acceptability) of raw fillets of rainbow trout of four experimental groups during
storage (days 0, 6, 8 and 10), where the higher scoring represents better quality.
Figure 3 shows the evaluation of the sensory properties (odour, flavour, after taste
and consistency) of four experimental groups of cooked rainbow trout fillets on days 0,
6 and 8. Based on the results of the microbiology analyses (TVC range = 6.34-7.66 log
CFU g ') and sensory analyses (discolouration, slime production and off-odour) mainly
in control group, the samples were rejected for consumption on day 10. On the first day
of sensory analysis (day 0, Figs. 2a and 3a) similar results were recorded among all
analysed groups in all sensory attributes on raw fillets, whereas in the case of cooked
fillets, the best scores were recorded in the group Inolens 0.5, in all analysed charac-
teristics. On day 8, the best result with significant difference was recorded in group
Inolens 1.0 for texture of raw flesh (Fig. 2¢). For cooked flesh, similar results as on day
0 were detected on day 8, where Inolens 0.5 achieved best scores in all attributes and
control the worst scores except for after taste (Fig. 3¢). This also strengthened the result
that the better sensory results of the fillets treated with Inolens correlate with the lower
microbial counts in these fillets. Sensory scores in each evaluated parameter increased
(cooked, 0 = fresh and 100 = spoilage quality) or decreased (raw, 1 = the worst and 5 =
the best) as storage time increased. On the last day of analyses, where only raw fillets
were tested, control group reported the worst results in all sensory attributes (Fig. 2d).
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Fig. 2. Sensory evaluation (texture, colour, odour and overall acceptability) of raw (the best = 5, the worst = 1)
fillets of rainbow trout of four experimental groups (control, Inolens 0.5, Inolens 1.0 ,and Inolens 2.0) on days (a)
0, (b) 6, (¢) 8 and (d) 10 at 4.3 = 0.6 °C. Results are expressed as mean (bars) = standard deviation (whiskers)
within the treatments. Bars having the same character are not significantly different (hierarchical ANOVA,
Fisher’s LSD test, p > 0.05), n = 10 per treatment

The results show that rosemary flavour and colour have no negative attributes. Similar
results in odour and taste were documented by Coban and Can (2013) in smoked
rainbow trout by determining the fish to be of “good quality” after processing. Oguzhan
Yildiz (2015) improved the sensory quality of smoked rainbow trout flesh by using
rosemary and thyme essential oils. The flavour and texture of the whole crucian carp
treated with 0.2% tea polyphenols and 0.2% rosemary extract were improved during
storage at 4 + 1 °C (Li et al. 2012a). Similar results were reported in other recent
studies (Ucak et al. 2011; Erkan 2012; Coban and Ozpolat 2013.

Colour analysis

Colorimetric data of fillets of four experimental groups (control, Inolens 0.5, Inolens 1.0 and
Inolens 2.0) of rainbow trout were evaluated at 5 points (A—E) on each fillet by CIE L* =
lightness, a* = redness (red-green axis) and b* = yellowness (yellow-blue axis) during storage
(days 0 and 7) and recorded in Table 1. The results show that fillets of all experimental groups
slightly brightened (L*), slightly reddened («¢*) and yellowed (b*) during storage. As was
expected, the strongly green rosemary extract had a significant effect on the coloration of fillets
from the Inolens 2.0 group with detected green colouring (—a*) at the beginning of the
experiment. On the other hand, green colouring of groups 0.5 and 1.0 Inolens were comparable
with the control. However, on day 7, significantly higher a* (less green) values in the Inolens
2.0 group were measured than on the first day of analysis (Table 1) and were comparable with
control, indicating that the green colour disappears during storage and does not negatively
affect the coloration of flesh. We found that the ventral parts (spot D) of examined fillets were
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Fig. 3. Sensory attribute analysis (odour, flavour, after taste and consistency) of four experimental groups
(control, Inolens 0.5, Inolens 1.0 and Inolens 2.0) of cooked rainbow trout fillets on days (a) 0, (b) 6 and (¢)
8 at4.3 = 0.6 °C. Results (0 = very fresh quality; 100 = spoiled quality) are expressed as mean (bars) + standard
deviation (whiskers) within the treatments. Bars having the same characters are not significantly different
(hierarchical ANOVA, Fisher’s LSD test, p < 0.05), n = 10 per treatment

significantly lighter and more yellow than the dorsal ones. This could be associated with the
distribution of fat in fish flesh, which is usually lower in the dorsal and posterior parts than in
the ventral and anterior parts of fish fillet (Nortvedt and Tuene 1998; Roth et al. 2007). In the
study of Tironi et al. (2009) the rosemary extract partially prevented the loss of red colour in
chilled Argentinian sea perch (Pseudopercis semifasciata) muscle. Similar flesh colour vari-
ables according to storage time and treatments (0.2, 1.0 and 2.0 % rosemary oil) in minced
rainbow trout were reported by Peiretti et al. (2012). Likewise, the variabilities and colour loss
in fish flesh attributed to the oxidation of protein was documented by Li et al. (2012a, b).

Spectrophotometric determination of lipid oxidation

Two lipid oxidation parameters were measured and in both, increasing trend was observed
during storage with significant difference between control and Inolens groups at the last days
of analyses as shown in Figs. 4 and 5.

In PV analysis, only data from the beginning (day 0) and last (day 14) day of storage are
reported (Fig. 4). The PV was measured, because it provides information about lipid oxidation
degree and indicates the amount of oxidised substances, mainly the hydroperoxides, so-called
primary oxidation products (Coban and Can 2013). The limit value of PV content for human
consumption is between 8 and 10 millieqv kg ! fat (Schormiiller 1968). In the control group,
PV significantly increased from initial 0.41 + 0.17 to 0.77 + 0.45 millieqv peroxide kg ',
representing over 50% increase of PV. Moreover, PV in control group was significantly higher
than in all analysed Inolens groups and ranged from 0.31 + 0.12 to 0.36 + 0.12 millieqv
peroxide kg !, which showed an effective inhibition in the primary oxidation process. Tironi
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Table 1 Colour parameters of fillets of four experimental groups (control, Inolens 0.5, Inolens 1.0 and Inolens
2.0) of rainbow trout represented as L* = whiteness, a* = redness and b* = yellowness during storage (days 0 and
7). Data are shown as mean + standard deviation (SD). Values having the same character in the same row and
among colour parameters and positions are not significantly different (hierarchical ANOVA, Fisher’s LSD test, p

> 0.05), n = 5 per treatment

Experimental group/day of storage

Colour parameters (mean = SD) Position Control/0 Control/7
L* A 54.04 +2.17b¢ 56.54 + 2.05b
B 54.12 + 3.37ab 55.81 +£2.03ab
C 53.56 + 3.90* 56.26 = 2.673b
D 59.51 + 1.93b¢ 62.25 £ 1.62¢
E 55.80 + 1.78ab 53.89 £ 1.122
a* A —-2.76 £0.72¢ —2.55 +£0.94¢
B —2.41 £ 0.57¢ -1.95+1.07°
(& —1.99 + 0.67b¢ —-1.90 + 0.85°
D —1.82 £ 1.26° —2.15 £ 1.03be
E —1.48 £ 0.513b -091 £0.532
b* A 6.63 +2.542 8.25 +2.63ab
B 6.88 +2.152 8.50 + 2.36*b
C 7.84 +£2.3]ab 9.61 £ 3.02b¢
D 11.18 + 1.36¢ 10.86 £ 2.18¢
E 7.18 £ 2.962 8.45 +2.568b
Colour parameters (mean = SD) Position Inolens 0.5/0 Inolens 0.5/7
I* A 55.71 + 3.59a¢ 57.40 £231¢
B 54.02 + 4.78ab 56.35 + 3.96b<
(@& 5244 £3.512 57.45 + 3.86¢
D 62.97 +3.144 61.90 £ 1.944d
E 55.38 + 3.202¢ 53.38 + 3.82ab
a* A —2.78 £0.534 —2.23 +0.82¢d
B —2.36 £0.55¢d —1.79 £0.91b¢
C —1.54 £ 0.78b¢ —1.43 £0.78b
D —1.61 £ 0.56b¢ —1.63 £ 1.42b¢
E - 1.03 + 0.462b —0.65 £ 1.08
b* A 6.38 +2.942 8.09 £ 2.34ab
B 6.68 +2.122 8.27 + 2.492b
€ 8.82 £ 3.31b 10.03 + 2.25b¢
D 10.92 £ 1.02¢ 11.11 £ 1.04¢
E 8.62 + (.88 8.67 + 1.65b
Colour parameters (mean = SD) Position Inolens 1.0/0 Inolens 1.0/7
L* A 56.85 + 3.84b 58.95 + 3.3bc
B 55.29 + 2.00ab 58.73 £3.61¢
C 5427 £0.932 57.20 £ 3.20b
D 60.51 £ 1.88¢d 63.06 +2.534
E 52.58 +2.26? 55.31 +£4.72ab
ax A —2.69 £ 0.40¢ —2.78 £0.594
B —2.18 £0.24b —2.19 £ 0320
(& —2.02 £ 047 —2.08 £0.28>
D —2.38 £ 0.35b¢ —2.59 +£0.20<d
E -1.04 £0.372 - 1.20 £ 0.562
b* A 6.69 = 2.442 8.25 £ 0.84b
B 8.45+0.91b 9.09 + 1.06>¢
C 8.27 + 0.80° 7.94 + 1.2]2b
D 9.94 + 1.20¢ 11.26 = 1.064
E 7.02 + 1.452b 8.78 + 1.68b<¢
Colour parameters (mean = SD) Position Inolens 2.0/0 Inolens 2.0/7
L A 55.44 + 1.41b¢ 57.70 + 1.95¢
B 53.84 + 1.93ab 55.22 £ 0.86P
(@ 54.28 + 5.22ab 54.83 +£2.18b
D 55.89 + 1.86b<¢ 57.32 +1.88¢
E 52.20 +2.65* 52.67 +3.00?
a* A -3.39 £0.29¢ —241 £0.27¢d
B —2.80 +0.444 —1.91 £0.29b¢
C —2.19 £0.46¢ —1.65 £ 0.35b
D —2.51 £0.55¢d — 1.84 £ 0.93bec
E —1.50 £ 0.55b —0.80 £ 0.642
b* A 6.55 + 1.58b 6.61 = 0.762>
B 6.99 £ (0.42b¢ 5.81 £0.652
@ 8.85 £ 1.90¢ 6.96 = (0.24b¢
D 9.65 £2.07¢ 8.99 + 1.39¢
E 7.08 +£0.47° 7.36 = 0.76b
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Fig. 4. Spectrophotometric determination of lipid oxidation parameters determined by peroxide value (PV),
expressed as milliequivalents of peroxide per kilogramme of sample, at the beginning (day 0) and at the end (day
14) of storage. Data are represented as mean (bars) £ standard deviation (whiskers) within the treatments. Bars
having the same letters are not significantly different (Fisher’s LSD test, p < 0.05), n = 5 per treatment in
triplicates

et al. (2009) reported the application of 200 and 500 mg kg ! rosemary extract in chilled
Argentine sandperch muscle, which significantly reduced production of secondary oxidation
compounds.

The TBA test is widely used to measure lipid oxidation in food products (mainly alkanes,
alkenes, aldehydes and ketones) during the final stage of oxidation—the secondary oxidation
products. The reaction of aldehydes (particularly malondialdehydes and glutaraldehydes), with
amino groups in proteins or DNA, may cause structural and functional changes (Gerrard and
Brown 2002). The consumable limit value of the TBA content is between 7 and 8 mg MDA
kg ! samples (Sinnuber and Yu 1958: Coban and Ozpolat 2013). On the first day of analysis,
TBARS in control group (0.11 = 0.03 ug MDA g!) was significantly higher compared to

OControl mInolens 0.5 Inolens 1.0 @AlInolens 2.0
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Fig.5 Spectrophotometric determination of lipid oxidation parameters by thiobarbituric acid reactive substances
(TBARS) expressed as microgrammes of MDA per gram of sample in dependence of storage period (days 0, 8,
10 and 14). Data are shown as mean (bars) = standard deviation (whiskers) within the treatments. Bars with the
same letter are not significantly different (Fisher’s LSD test, p < 0.05), n = 5 per treatment in triplicates
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Inolens groups 1.0 (0.07 £ 0.02 ug MDA g'!') and 2.0 (0.07 £ 0.02 ug MDA g !, Fig. 5). The
TBARS values increased during storage and reached significantly higher values (p > 0.05) in
control (0.53 + 0.14 ug MDA ¢ ') in comparison to all Inolens groups (0.13-0.16 ug MDA
g !, Fig. 5). Our observation was similar to the results from Ojagh et al. (2010) and Li et al.
(2012a). More or less similar results on the effective antioxidant activity of essential oils or
extracts have been obtained in rainbow trout (Erkan 2012; Coban and Can 2013; Oguzhan
Yildiz 2015) and mangar (Luciobarbus esocinus) (Coban and Ozpolat 2013). Cadun et al.
(2008) investigated the effect of rosemary extract on the quality of marinated decp-water pink
shrimp during refrigerated storage and showed that addition of rosemary extract decreased
TBA values in comparison with the control group. Also, Serdaroglu and Felekoglu (2005)
observed inhibition of TBA by using that rosemary and onion extract. To sum up, lipid
oxidation parameters showed that Inolens has a positive effect on delaying oxidation processes
in fish flesh and did not reached the limit for flesh consumability.

Antioxidant activity

The DPPH method was used to evaluate the antioxidant capacity of fillet treated with rosemary
extract Inolens 4 at the beginning of experiment (day 0). The DPPH radical scavenging
activities of rosemary extract increased with the increasing concentration and control exhibited
the lowest AOA. The AOA reached significantly lower values in control (1.11 + 0.08 mg TE
g ! dry matter) in comparison to Inolens group 2.0 (1.41 + 0.06 mg TE g ! dry matter). The
results are consistent with previous reported data on antioxidant activity of rosemary oils
(Hussain et al. 2010; Amariei et al. 2016).

Conclusion

The present study showed that rosemary extract Inolens 4 (0.5, 1.0 and 2%) could effectively
inhibit lipid oxidation, delay the oxidative changes in fish flesh, retard the microbial growth,
could improve colour and sensory characteristics and extend the shelf life of rainbow trout
fillets. Therefore, treatment with Inolens 4 on vacuum-packed rainbow trout fillets stored
under refrigerated conditions can be utilized as a safe method for the preservation of fish and
could extend the shelf life to 10 days.
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5.2 VODNE EXTRAKTY Z CIBULOVYCH SLUPEK JAKO ZDROJ
ANTIOXIDANTU PRO MASNE VYROBKY

Bedrniéek, J., Laknerova, 1., Linhartova, Z., Kadlec, J., Samkova, E., Barta, J., Bartova, V.,
Mraz, J., PeSek, M., Winterova, R., Vrchotova, N., Ttiska, J., Smetana, P. 2019. Onion waste
as a rich source of antioxidants for meat products. Czech Journal of Food Sciences, 37: 268-
275.

Voda vV receptute vétSiny masnych vyrobku zaujima dulezité misto.
U nékterych vyrobka se ptidava ve velkém mnozstvi, az okolo 30 %. Divodi pro
ptidavani vody je nékolik. Jde o ekonomiku vyroby, vzhledem k tomu, ze voda je
nejlevnéjsi ingredienci a snizuje cenu produktu. Voda ma vyznamnou technologickou
funkci, rozpousti proteiny, fosfaty a siil, ve form¢ ledu snizuje teplotu béhem kutrovani

¢1 mélnéni. S tim souvisi 1 senzorické vlastnosti, protoZe pfidand voda zvySuje

Stavnatost vyrobku (Rhodes a Nute, 1980; Feiner, 2006).

Cilem tohoto experimentu bylo nahradit vodu pouZzivanou pfi vyrob&é masnych
vyrobkd vodnym vyluhem (extraktem) z cibulovych slupek za Gicelem zvySeni AOA

masného vyrobku a oxidac¢ni stability lipida.

Divodem vyuziti vodného vyluhu bylo pokusit se jednoduchym,
v prumyslovém métitku proveditelnym, zpiisobem zvysit antioxidaéni vlastnosti bez
nutnosti vyuzivat slozité extrakéni postupy a organicka rozpoustédla. Jako modelovy

masny vyrobek byl zvolen karbanatek vyrobeny z veptové krkovice.

Vyluhy cibulovych slupek Zluté odridy (Z) Hybelle a gervené odridy (C) Lisa
(obrazek 11) byly vyrobeny nasledujicim zptisobem: 50 g nenamletych slupek bylo
extrahovano ve 2 litrech vody pii 100 °C. Kombinace doby a teploty extrakce
cibulovych slupek na vyrobu vodnych extrakti, které byly nasledné pouzity pii vyrobé
karbanatkli, byla zvolena na zdklad¢ piedchoziho experimentu provedeného
u cibulovych slupek Z. Pfedpokus spoéival v nalezeni optimalni kombinace doby
a teploty, pii které by mél vyluh nejvyssi AOA a obsah celkovych polyfenoli.
Vysledky tohoto pre-experimentu jsou znazornény Vv grafu 3 (neni souc¢ast publikace).
Z grafu je patrno, Ze nejlepsi antioxidacni vlastnosti mél vyluh extrahovany pii teploté
100 °C po dobu 1 hodiny. Na zaklad¢ tohoto zjisténi byl poté vyroben 1 vyluh
z cibulovych slupek C. Nejsilngjsi vyluh Z dosahoval hodnoty 3,46+0,06 mg TE/ml,

coZ je V porovnani se samotnymi cibulovymi slupkami velmi malo. AOA samotnych

70



slupek Z byla 84,67 mg TE/g, tj. zhruba 25x vice, AOA slupek C ¢inila 99,9 mg TE/g.
Vyroba vodnych vyluhii se tak zda byt velice neefektivni, nicméné je to lehce

aplikovatelna forma obohacujici slozky.

Graf 3. Antioxida¢ni aktivita (metodou DPPH) a obsah celkovych polyfenoli ve
vodnych extraktech cibulovych slupek zluté odriady Hybelle.

4
a
A
B B )
B b = b a
| I I
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* Antioxidaéni aktivita (mgTE/ml)
[EEN

**Celkové polyfenoly (mgGAE/ml)

o

m DPPH* Celkové polyfenoly**
Sloupce v grafu ptedstavuji primér + smérodatnou odchylku (n = 4); *“sloupce pro
DPPH s riiznymi indexy se statisticky vyznamné lisi; “Bsloupce pro obsah celkovych

v,

polyfenoll s riznymi indexy se statisticky vyznamné lisi; Statistickd analyza:
ANOVA + post hoc Tukey HSD test; a = 0,05; DPPH: 2,2-difenyl-1-pikrylhydrazyl

Do vzorkih masa byla pfiddna riznd mnozstvi (10 %, 20 %) vyluhid
(extrahovanych p#i 100 °C/1 hodina) cibulovych slupek Z a C. Celkem bylo vytvoieno
pét skupin: 10 % Z, 10 % C a 20 % Z a 20 % C. Kontrolni skupina byla bez ptidaného
vyluhu. Vyrobené vzorky karbanitkii byly skladovany pét dnl pii 5 °C

Vv polyetylenovych saccich bez modifikace atmosféry.
Sledovanymi parametry u vzorku byly:

e AOA (metodou DPPH),

e obsah celkovych polyfenold,
e TBARSa

e senzoricka analyza.

Pro posouzeni vlivu tepelného opracovani na AOA a obsah celkovych

polyfenoll ve vzorcich karbanatkl byly tyto analyzy provedeny jak v syrovych, tak
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peéenych vzorcich. Také byl proveden rozbor cibulovych vyluhit Z a C pomoci LC-
MS/MS, kde bylo cilem identifikovat hlavni G¢inné latky s antioxida¢nimi

vlastnostmi.

Obrazek 11. Vyluhy z cibulovych slupek zluté odriidy Hybelle (vlevo) a
¢ervené odrudy Lisa (vpravo).

Vysledky pfinesly pomérné zajimavé informace. Dominantni latkou ve
vyluzich cibulovych slupek byl kvercetin, ktery byl ur¢en na zakladé hmotnostnich
spekter a ktery byl zodpovédny za antioxida¢ni vlastnosti vyluhi. Pfidavek vyluht do
vzorkd karbanatki zvysil jak obsah celkovych polyfenold, tak AOA. Tepelné
opracovani (pec¢eni) mélo negativni vliv na tyto dva analyzované parametry, respektive
vyrazné je snizilo. To naznaCuje CasteCny tepelny rozklad kvercetinu. | piesto toto
sniZzeni dokéazaly vyluhy zabranit oxidaci lipidd, protoZe u kontrolniho vzorku byl

obsah MDA mnohem vyssi nez ve vzorcich s vyluhy.

Zajimavym zjiSténim bylo také to, Ze piidavek vyluhd cibulovych slupek
neovlivnil senzorické vlastnosti, zejména chut, vini a vzhled. Piedpoklad, Zze se
cervené vyluhy osvéd¢i ve zlepSeni barvy hotového vyrobku, potvrzen nebyl. Na
obrazku 12 jsou zobrazeny karbanatky syrové i peCené vyrobené v pribéhu
experimentu. Je jasné patrné, Ze vyluhy nedokézaly dostatecné dobte hotovy vyrobek
obarvit. Z toho bohuzel vyplyva, Ze se tak nedaji v praxi pouzivat jako ¢ervené barvivo

do masnych vyrobkd.
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Obrazek 12. Karbanatky s 10 % a 20 % vodnych vyluhti ze Zlutych (Z) a Eervenych
(C) cibulovych slupek.

syrové karbanatky

|
|
kontrola 10 % 7 10 % C 20 % 7, 20%C

pecené karbanatky

Cibulové vyluhy dokazaly zvysit AOA a obsah celkovych polyfenold, zpomalit
oxidaci lipidi a zaroven negativné neovlivnily senzorické vlastnosti. Na druhou stranu
je jejich nevyhodou to, ze se musi do masného vyrobku pfidavat v pomérné velkém

mnozstvi.
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Abstract: Onion skin is a waste produced in thousands of tons annually in the European Union. It is a rich natural
source of flavonoids and its water extracts (as an environmentally friendly solvent) could be used as an antioxidant
material for meat products. Therefore, antioxidant properties of onion skin water extracts (OSWEs) were tested
on cooked pork patties. Pork patties were divided into five treatments: control (no antioxidant), 10 and 20% (w/w)
of yellow OSWE, and 10 and 20% (w/w) of red OSWE. Antioxidant activity, total polyphenols, thiobarbituric acid re-
active substances (TBARS), and sensory analysis were assessed. Patties with added antioxidants showed significantly
(P < 0.05) higher antioxidant activity and total polyphenol content. Samples with OSWEs, after 5-day storage (5°C),
had significantly (P < 0.05) lower TBARS values compared to control. Two main phenolic compounds were identified
in OSWEs by liquid chromatography — mass spectrometry using electrospray ionisation in negative mode: quercetin
(m/z 301) and quercetin monoglucoside (m/z 463). OSWEs demonstrated the potential to be used as a source of na-
tural antioxidants with strong antioxidant activity in meat products.

Keywords: antioxidant; LC/MS; onion skin; pork patties

Natural materials and ingredients are increasingly  field in food science. Onion (Allium cepa L.) is one of
more preferred by consumers because of health con-  the most common species of vegetable in the world,
cerns, thus the utilization of them is an emerging anditisa veryimportant source of flavonoids in the
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human diet (BEESK ef al. 2010). Thousands of tons
of industrial onion waste are produced annually
in the European Union (K1assos et al. 2009). Certain
parts of onion waste are rich in flavonoids with the
richest being onion skin, where the most abundant
compound with antioxidant and radical scavenging
properties is quercetin and its glycosides (ALBISHI
et al. 2013). These phenolics could reduce some
unwanted processes in foods.

Lipid oxidation is one of the most unfavorable chemi-
cal reactions that takes place in meat products (ROHLIK
et al. 2013), which can lead to a deterioration of the
sensory and nutritional parameters of meat products
(NunEez pE Gonzalez et al. 2008). The addition of
antioxidants can effectively inhibit or prevent these un-
desired processes (S0J1¢ et al. 2017). Previous research
shows that ethanol onion skin extracts, as a natural
antioxidant source, can reduce meat lipid oxidation
(SHIM et al. 2012) and can also eliminate microbial
spoilage (ALAHAKOON et al. 2013). There are many
conventional extraction methods using organic solvents
(e.g. maceration, sonication and soxhlet) and some
newer ‘green extraction techniques’ such as pressur-
ized liquid extraction, supercritical CO, extraction and
microwave-assisted extraction suitable for obtaining
antioxidants from plant material (CAMPONE et al. 2018),
however, these procedures require specific instruments.

‘Water, unlike ethanol, is an environmentally friendly
solvent without any negative impact on consumer
health, and it is also the only liquid used in food
preparation in amounts up to 30% (for example
in some recipes of meat products). To the best of
our knowledge, there is no data in scientific litera-
ture that deals with the effects of onion skin water
extracts on meat product quality.

Based on all arguments mentioned above, our aim
was to evaluate antioxidant activity, total polyphenol
content, lipid peroxidation and sensory attributes of
meat products fortified with natural antioxidants
obtained from industrial onion waste, using water
as extraction agent. Additionally, high performance
liquid chromatography coupled with electrospray
ionization tandem mass spectrometry (HPLC-ESI-
MS/MS) analysis was conducted to determine main
phenolic antioxidants in onion waste extracts.

MATERIAL AND METHODS

Material and chemicals. Fresh pork neck meat was
obtained from the local retail market in Prague, Czech

Republic. Meat was stored at 5°C in the dark, ap-
proximately 10 h before use. Dry onion skin as a waste
was obtained directly from the grower (Vital Czech
s.r.0., Czech Republic). For this experiment, two
colours of onion skin were used, red (var. Lisa) and
yellow (var. Hybelle).

All chemicals, namely Trolox, 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH), thiobarbituric acid, Folin-Cio-
calteu reagent, butylated hydroxytoluene (BHT),
trichloroacetic acid (TCA), gallic acid, 1,1,3,3-tetra-
ethoxypropane (TEP), orthe-phosphoric acid (H,PO,),
sodium carbonate, acetonitrile (LiChrosolv, LC/MS
grade), formic acid (reagent grade), quercetin dihy-
drate and quercetin-3,4"-diglucoside were purchased
from Sigma-Aldrich (Czech Republic).

Preparation of onion skin water extracts (OSWEs).
Two variants of OSWE were prepared, one was from
yellow onion skin (YWE — vellow water extract) and
one from red onion skin (RWE — red water extract).
The onion skins were washed to remove residues of
soil and then dried in an oven (Memmert UN 75;
Memmert, Germany) for 8 h at 40°C. Washed and
dried onion skins (50 g) were added to 2 | of water.
This mixture was gently boiled (100°C) for 40 min-
utes. Thereafter, the mixture was left for 15 min
to cool down and then filtered. The onion skin was
then manually squeezed to obtain remaining liquid
extract. OSWEs were immediately used for pork
patty preparation, HPLC-ESI-MS/MS analysis, de-
termination of antioxidant activity (AOA) and also
for total polyphenolic content determination (TPC).

Preparation of pork meat patties. Approximately
3 kg of pork neck meat was minced using a 2 mm plate.
After mincing, the meat was divided into one of the
following five treatments: control (no antioxidant);
10Y (10% w/w of YWE); 10R (10% w/w of RWE);
20Y (20% w/w of YWE) and 20R (20% w/w of RWE).
Also, 2% (w/w) of salt was added to all samples. When
all ingredients were added, the meat was properly
hand-mixed and then formed into patties (50 g por-
tions). A hot air oven (T-fal Maxi-Oven Varmluft;
Tefal, France) was used to cook the patties for 17 min
at 200°C to reach an internal temperature of 70°C
for 10 minutes. After 30 min, when the temperature
of the patties decreased to room temperature, they
were aerobically packed into low density polyethylene
bags and stored at 5°C for 5 days and analysed for
TPC, AOA, organoleptic properties, and thiobarbi-
turic acid reactive substances (TBARS). TPC, AOA,
dry matter and fat content were analysed before and
after the heat treatment, and TBARS after cooking
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(day 0) and after 5 days of storage. Sensory analysis
was conducted after cooking at day 0.

Qualitative analysis of main antioxidant com-
pounds in OSWEs by HPLC-ESI-MS/MS. Firstly,
extraction was performed according to CHENG et al.
(2013) with modifications. Briefly, 0.25 g of onion
skin water extracts (OSWE) was dissolved in 12 ml
of methanol/water (80:20, v/v). The mixture was
sonicated for 1 h at room temperature and then
centrifuged at 4000 rpm for 15 minutes. Extracts
were filtered through a 0.45 um glass filter and for
the analysis 20 pl (diluted if needed) was injected
into an HPLC system.

Analysis of the OSWEs was accomplished using
a Dionex UltiMate 3000 UHPLC system (Dionex,
Germany), which consisted of a quaternary pump,
column compartment, and UV detector. Separation
was performed on a Phenomenex Kinetex C18 100A
analytical column (150 mm x 2.1 mm, 2.6 pm,). Col-
umn temperature was maintained at 35°C. A linear
gradient elution with mobile phase A (5% acetonitrile
+ 0.5% formic acid in water) and B (100% acetonitrile)
was used as follows: mobile phase B increased from
5% to 60% within 35 min, then decreased back to 5%
in 5 min to equilibrate the system. Flow rate was
0.2 ml/min and analytes were detected at 355 nm.

After separation in the HPLC system, qualitative
analysis was conducted on an Agilent 6420 Triple
Quadrupole Mass Spectrometer (Agilent Technologies,
USA). The mass spectrometer was operating in nega-
tive electrospray ionization (ESI) mode. For drying and
nebulising nitrogen (N,) gas was used at a flow rate
of 11 I/min and nebulising pressure of 15 psi. Drying
gas temperature was set at 300°C and capillary voltage
at 4000 V. Fragmentor, collision, and cell accelerator
voltages were 100, 10 and 7 volts, respectively.

Antioxidant activity (DPPH assay). The free
radical-scavenging activity was measured using

https://doi.org/10.17221/68/2018-CJFS

1,1-diphenyl-2-picrylhydrazyl (DPPH) according
to BRAND-WiLIAMS et al. (1995) and SANCHEZ-
MORENO ef al. (1998). The antioxidant activity was
related to Trolox and expressed as mg of Trolox
equivalent (TE) per g of dry weight (DW).

Determination of total phenolic content (TPC).
The amount of total phenolics was determined us-
ing Folin-Ciocalteau reagent (LACHMAN et al. 1997)
and calculated as gallic acid equivalent (GAE) in mg
per g of DW.

Determination of dry matter and fat content. Pat-
ties were analysed for its dry matter (ISO 1442:1997)
and total fat content (AOAC 922:06) and expressed
as a mass percentage of fresh weight (Table 1).

Thiobarbituric acid reactive substances (TBARS).
For expression of lipid oxidation, TBARS assay was
used according to MILLER (1998) with modifica-
tions. To 1 g of homogenized sample, 0.2 ml BHT
(0.2 mg per ml in methanol) and 9.1 ml 10% TCA
in 0.2M H, PO, solutions were added and homog-
enized with T18 Basic Ultra-Turrax (IKA, Germany)
for 1 minute. Homogenate was filtrated and 1.5 ml
was transferred to a test tube, then 1.5 ml of 0.02M
TBA was added and the mixture was vortexed and
heated for 30 min at 85°C. After heating, each sam-
ple was pipetted in triplicate on 96 well plates and
absorbance was read at 530 nm on Tecan (Eppendorf,
Czech Republic). TEP was used as a standard and
the results were expressed as pg of malondialdehyde
(MDA) per gram of sample.

Sensory analysis. Sensory evaluation of the meat
products was conducted in the laboratory of sensory
analysis in Food Research Institute, Prague, equipped
according to the international standard ISO 8589.
The sensory analysis was carried out under ISO 6658
conditions. The assessor panel was composed of
10 highly trained panelists according to ISO 8586. For
this evaluation method, 100 mm long non-structured

Table 1. Dry matter and fat content in a raw and cooked patties (%)

Meat patty Dry matter Fat content

raw cooked raw cooked
Control 32.65 + 0.76% 44.11 + 0.55% 14.15 + 0.35%% 19.76 + 0.39%4
10Y 31.02 + 0.86%" 43.08 + 0.06°* 12.21 £ 0.31°F 17.78 + 0.33"
10R 30.62 + 0.93°° 40.95 + 0.36"* 11.64 = 0.27°8 17.28 + 0.33"
20Y 25.44 + 0.67"® 42.59 + 0.29°°4 8.84 = 0.59° 15.62 + 1.07*
20R 26.41 + 0.28"° 36.08 + 0.04" 8.74 + 0.28°" 15.12 + 0.27%*

*“means within a column with the same letter do not differ significantly (P > 0.05); * ®means within a row with the same letter

do not differ significantly (P > 0.05); control — no antioxidant; 10Y-20Y — meat patty with 10-20% of yellow onion skin water

extract; 10R-20R — meat patty with 10-20% of red onion skin water extract
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abscissas were used while panelists recorded 6 attrib-
utes: appearance, colour, odour, flavour, texture and
overall acceptability (100 = excellent, 0 = very poor).

Data analysis. All analyses were done in triplicate
and the results were reported as mean + standard er-
ror. Students’ ¢-test, analysis of variance with Tukey’s
HSD test were used to determine statistically signifi-
cant differences (P < 0.05). Normality of the input data
obtained from sensory analysis was checked using
the Shapiro-Wilk test and outliers were determined
by the Dean-Dixon test. STATVYD Version 2.0 (TBU,
Czech Republic) and Statistica 12 (StatSoft, USA)
was used for data processing.

RESULTS AND DISCUSSION

Qualitative analysis of main antioxidant com-
pounds in OSWEs by HPLC-ESI-MS/MS. To iden-
tify main phenolic compounds in OSWEs, LC-MS
analysis was used. Comparison of retention times
and mass spectra with those obtained from analysis
of available standards and also reports in existing
literature were used for compound identification.

It is well known that onion skin contains high
amounts of flavonol antioxidants, which are rep-
resented mainly by quercetin aglycone and its glu-
cosides (SUH et al. 1999). However, our aim was
to identify phenolic compounds that are presented
in water extracts, since water is not the strongest
solvent for less polar compounds such as quercetin
(XU et al. 2006).

Asillustrated in Figure 1, there are only two main
peaks with retention times 14.6 and 18.0 min (peak
2 and 3, respectively) which have been later deter-
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mined in MS? analysis. The fragmentation pattern
in negative ionization mode provided very useful
information for identification of flavonols. Peak 2 was
assigned as quercetin monoglucoside (Figure 2A)
which showed fragmentation of the molecular ion
as a precursor ion at m/z 463 [M-H] to fragment
ion at m/z 301 [M-162]". The fragment with m/z
162 is anhydroglucose and it is typical for the fragmen-
tation of glucosides, which is the same fragmentation
as described by BoNaccoORst et al. (2008). Peak 3
with a molecular ion at m/z 301 [M-H]~ (Figure 2B)
was identified as quercetin due to its MS? fragments
(m/z 179 and 151), which are typical for quercetin
(FABRE et al. 2001).

Also, quercetin 3,4 -diglucoside (peak 1) was iden-
tified according to its fragmentation pattern and
coelution with authentic standard. The molecular ion
at m/z 625 [M-H]  (Figure 2C) showed fragmenta-
tion in MS? analysis (m/z 463 and 301) after losing
glucosyl moieties [M-H-162-162] ", which is typical
for this compound (MULLEN et al. 2003). It is one
of the most dominant flavonol in edible parts of the
onion (ROLDAN-MARIN et al. 2009), but in OSWEs
it is presented only as minor compound.

Qualitative composition of the main polyphenolic
compounds in OSWE corresponds with the com-
position of onion skin as reported by Kim and Kim
(2006), where these authors found only two main
peaks (quercetin monoglucoside and quercetin).

AOA and TPC content in OSWEs and meat pat-
ties. The results of AOA and TPC assays in OSWEs
are presented in Table 2. The RWE had significantly
higher (P < 0.05) antioxidant activity and total poly-
phenol content than YWE. This confirms that red skin
onions are a richer source of antioxidants than yellow

3
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Figure 1. Typical HPLC chromatogram of OSWE recorded at 355 nm
1 — quercetin-3,4"-diglucoside, 2 — quercetin monoglucoside, 3 — quercetin
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Figure 2. Mass spectrum (ESI in negative mode) of selected main and minor constituents of OSWE: (A) quercetin
monoglucoside; (B) quercetin; (C) quercetin 3,4 -diglucoside

varieties, which is in accordance with the findings of
many authors (ALBISHI et al. 2013; LEE et al. 2015; REN
et al. 2017). A positive linear correlation (R? = 0.998;
graph not shown) between antioxidant activity and total

Table 2. Antioxidant activity (DPPH) and total polyphe-
nols content (TPC)

Sample  DPPH (mg TE/gFW) TPC (mg GAE/g FW)
YWE 3.46 + 0.06" 1.99 + 0.03"
RWE 6.35 + 0.32° 413 +0.25°

“bmeans within a column with the same letter do not differ

significantly (P > 0.05); FW — fresh weight; YWE — yellow
onion skin water extract; RWE — red onion skin water extract

polyphenol content in OSWEs was also found, which
suggests that the polyphenolic compounds contributed
significantly to the antioxidant activity of OSWEs.
This correlation corresponds with other authors which
reported similar results (CHENG et al. 2013).

AOA and TPC in pork meat patties are illustrated
in Table 3. All treatment groups showed higher an-
tioxidant activity than control (2 < 0.05) and Trolox
equivalent content ranged between 0.83-5.35 mg
TE/g DM for raw samples and between 0.98-4.05 mg
TE/g DM for cooked samples. In treatment groups
the highest antioxidant activity was observed in the
treatment 20R and the lowest in 10Y. The same trend
was observed in total polyphenol content. Concen-
tration varied between 1.01-3.26 mg GAE/g DM

Table 3. Effect of onion skin water extracts on antioxidant activity (DPPH) and total polyphenol content (TPC) in raw

and cooked pork patties

DPPH (mg TE/g DM) TPC (mg GAE/g DM)
Type of meat patty
raw cooked raw cooked

Control 0.83 + 0.00°® 0.98 + 0.00%* 1.01 + 0.0 0.97 +0.01%
10Y 1.93 + 0.0244 1.07 + 0.02%° 1.45 + 0.04%4 1.3 £ 0.00®
10R 2.71 + 0.00°* 1.68 + 0.028 1.93 + 0.00°* 1.86 + 0.07"*
20Y 2.84 + 0.00°* 2.25 + 0.0"® 2.46 + 0.08" 1.83 + 0.02"°
20R 5.35 + 0.06%* 4.05 + 0.01*® 3.26  0.09%* 2.97 + 0.03%"

a-e.

means within a column with the same letter do not differ significantly (P > 0.05); A-Bmeans within a row with the same letter

do not differ significantly (P > 0.05); For abbreviations see Table 1
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for raw samples and 0.97-2.97 mg GAE/g DM for
cooked samples, and all enriched groups with OS-
WEs had significantly (P < 0.05) higher polyphenol
concentration compared to control. The highest
polyphenol concentration was found in treatment
20R which is in agreement with AOA assay, and the
lowest value was found in group 10Y.

As can be seen in Table 3, there are significant
(P < 0.05) differences between raw and cooked pat-
ties with antioxidants in TPC and AOA. It is obvious
that the heat treatment reduced antioxidant activity
and also decreased the content of total polyphenols
in groups with antioxidants, except for the group 10R.

Also, a strong positive linear correlation (R*=0.927)
between AOA and TPC in meat patties was found,
which is illustrated Figure 3. Kim and Kim (2006)
reported that DPPH radical scavenging activity is af-
fected by the quercetin level in onion, which is the
main phenolic compound in onion skin.

Lipid oxidation (TBARS values). Fat oxidation
can negatively affect sensory and hygienic attributes
of meat products, thus its inhibition is very impor-
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Figure 3. The relationship between total polyphenol con-
tent (TPC) and antioxidant activity (AOA) in meat patties

Table 4. Effect of onion skin water extracts on lipid per-
oxidation (TBARS) values in cooked pork patties under
refrigerated conditions at day 0 and 5

TBARS (pg malondialdehyde/g)

Sample

day 0 day 5
Control 0.30 + 0.03*® 2.07 + 0.09*4
10Y 0.15 + 0.01°° 0.19 + 0.00"*
10R 0.15 + 0.01°® 0.26 + 0.01"*
20Y 0.11 + 0.01¢¢ 0.19 + 0.01°*
20R 0.13 + 0.01"* 0.12 + 0.01"*

a-b.

means within a column with the same letter do not differ
significantly (P > 0.05); *"®means within a row with the same
letter do not differ significantly (P > 0.05); *for abbreviations
see Table 1

tant (RoHLIK et al. 2013). The effect of different
treatments on the concentration of MDA in cooked
pork patties is shown in Table 4. Content of MDA
at day 0 ranged from 0.11 to 0.30 pg MDA per g of
sample and from 0.12 to 2.07 ug MDA/g of sample
at day 5, respectively. Storage time significantly
(P < 0.05) influenced TBARS values. For example,
the control sample had an almost sevenfold increase
in MDA content after 5 days. However, in group 20R,
there were no significant (P > 0.05) differences after
five days of storage. Statistically highest (P < 0.05)
TBARS values were observed in control samples
compared to all other treatments, but no signifi-
cant differences (P > 0.05) were observed between
groups with antioxidants. These results suggest that
OSWEs, at a concentration of 10%, radically inhibit
fat oxidation.

Our results are in agreement with other authors
who reported high effectivity of onion skin ethanol
extracts in relation to meat lipid oxidation, and also
that red onion skin ethanol extracts showed better
results than yellow onion skin extracts (ALBISHI ef
al. 2013; SHIM et al. 2012).

Sensory analysis. Sensory analysis of cooked pork
patties was performed at day 0. The parameters tested
were: overall acceptance, appearance, colour, flavour,
texture and odour. Sensory evaluation results are
illustrated in Figure 4.

Assessors detected the differences between all
groups of patties, however, they were not significant
(P >0.05). Results indicate that the addition of OSWE
at a concentration of 10 or 20% has only a small ef-

O\'etl'all ——— Control
acceptance ——-10Y
100 — —10R
80 —= Y
Odour
Texture

Flavour

Figure 4. Sensory evaluation of meat patties with addition
of antioxidants

Control — no antioxidant; 10Y-20Y — meat patty (10-20%
of yellow onion skin water extract); 10R—20R — meat patty
(10-20% of red onion skin water extract)
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fect on the sensory attributes of cooked meat patties.
This might be influenced by trace concentrations of
sulphur and alk(en)yl cysteine sulphoxides in on-
ion skin, which are the main precursors of onion
flavour (BENITEZ et al. 2011). However, our results
are in disagreement with other authors who added
onion skin ethanolic extracts to meat products and
reported negative effects on sensory parameters
(ALAKAHOON et al. 2013). Nevertheless, the authors
admit that the change of the recipe can solve the
problem with deterioration of sensory properties.

CONCLUSIONS

OSWEs showed positive effects on the selected
properties of meat patties. They significantly in-
creased the antioxidant activity and total polyphenol
content of meat patties, at a concentration of 10%, and
also provided good protection of fat against oxida-
tion. High antioxidant activity of OSWEs is caused
mainly by the presence of quercetin and quercetin
monoglucoside. Our results indicate that the water
extracts from onion skin, which is a waste mate-
rial, can be used as a good source of antioxidants
for the enhancement of cooked pork patties. There
is no other data available in existing literature that
can be compared with our results regarding the
usage of water as an extraction agent. There are
only a few references about utilization of onion skin
as a source of antioxidants for meat products, but
ethanol or subcritical water were used as an extraction
solvent, which is, at the present time, difficult for
practical application. Our simple extraction method
provides a possible application for the food industry,
however, more research is needed.

Acknowledgement. Many thanks go to PAUL SuL-
TANA for his English grammar corrections.
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5.3 CIBULOVE ODPADY JAKO ZDROJ BIOLOGICKY AKTIVNICH
LATEK PRO BEZLEPKOVE PECIVO

Bedrnicéek, J., Jirotkova, D., Kadlec, J., Laknerova, 1., Vrchotova, N., Ttiska, J., Samkova,
E., Smetana, P. 2020. Thermal stability and bioavailability of bioactive compounds after
baking of bread enriched with different onion by-products. Food Chemistry, 319, 126562.

Celiakie je autoimunitni porucha, zplsobujici permanentni nesnaSenlivost
lepkovych proteint. Je charakterizovana chronickym zanétem stievni sliznice a atrofii

stievnich klki (Saturi et al., 2010).

Ferretti et al. (2012) udavaji, Ze nékteré slozky potravin, napi. polyfenoly,
mohou pomoci pifi prevenci a 1é¢bé celiakie, hlavné diky zmirnéni zanétu stievni
sliznice a oxida¢niho stresu. Serra et al. (2018) uvadi, ze bezlepkova dieta mize mimo
jiné zpusobovat i dysbalanci stfevni mikrobioty, coz miZe podporovat zanét ve
sttevech. Také udavaji, ze polyfenoly mohou ur¢itym zplisobem mikrobiotu pozitivné
ovliviiovat, coz znamena, ze polyfenoly mohou potlacovat zanétlivé projevy i timto
zpusobem. Studie ukazuji, ze 20 az 38 % lidi trpici celiakii maji urCité vyzivové
deficity, napt. nedostatek vlakniny a dalSich mikronutrienta (Saturi et al., 2010),
a proto je dilezité¢ v ramci vyzkumu vyvijet bezlepkové produkty s vy$Sim obsahem
nutrién¢ prospésnych latek, jako jsou minerdlni latky, AO a vldknina (Giménez-

Bastida et al., 2015).

Vzhledem k vyse zminénym dtivodim byl pro fortifikaci vybran pohankovy
(pohanka obecna; Fagopyrum esculentum Moench) bezlepkovy chléb obohaceny
rizné upravenymi vedlejSimi produkty cibule kuchynské. Vedlejsi produkty byly
neprodejné (malé nebo deformované, ale chorobami nenapadené) cibule cervené

odridy Lisa a cibulové slupky téZe odridy.

V prvni fazi tohoto experimentu byl proveden pfedpokus. Jeho cilem bylo
zjistit vliv piidavku vodnych vyluhii z cibulovych slupek Z a C na AOA vzorkt
pSeni¢ného chleba. Vyluhy byly vyrobeny tak, jak bylo popsano v kapitole 5.2, tzn.,
7e extrakce probihala pti 100 °C po dobu jedné hodiny. Uéelem bylo nahradit vodu,
kterd se pouZziva pii zad¢lavani té€sta slupkovymi vyluhy. Z celkové hmotnosti tésta
tvotily vyluhy 41 % (59 % pak tvotila smés mouk), v piipad¢ kontrolniho chleba byla
do tésta pouzita pouze pitnd voda. U pecenych vzorkl chlebl byla stanovena AOA

metodou DPPH. Vysledky ptedpokusu jsou zobrazeny v grafu 4 (neni soucasti
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publikace). Nahrazeni vody vyluhem sice statisticky vyznamné zvysilo AOA, nicméné
tyto hodnoty jsou stile pomérné nizké. Ztohoto divodu byly do pokusu
s bezlepkovymi chleby vybrany cibulové slupky C ve form& mouky, a nikoliv ve formé

vodného vyluhu.

Graf 4. Antioxidac¢ni aktivita (DPPH) chlebi s ptidanymi vyluhy
z cibulovych slupek zluté odridy (Z) Hybelle a ¢ervené odrudy (C) Lisa.

1

Antioxida¢ni aktivita
(mgTE/g sus.)
o e o
D (o)) (o]
(@]

o
N

m Kontrola = Chléb ZV = Chléb CV

Sloupce v grafu ptredstavuji primér = smérodatnou odchylku (n = 4); *“sloupce
S riznymi indexy se statisticky vyznamn¢ lisi; statistickd analyza: ANOVA + post
hoc Tukey HSD test; a. = 0,05; DPPH: 2,2-difenyl-1-pikrylhydrazyl

Do pokusu byly vedlejsi produkty vznikajici pfi zpracovani cibule ptipraveny
takto: malé cibulky byly bud’ ususeny i se slupkami nebo osmazeny (pouze duznina
bez slupek). Slupky byly namlety na mouku o velikosti ¢astic mensi nez 0,25 mm
(obrazek 13). P&t procent kontrolni bezlepkové smési mouk bylo nahrazeno smazenou
cibuli, susenou cibuli nebo moukou z cibulovych slupek. Celkem byly tedy Ctyfi
skupiny: vzorky kontrolni, se smazenou cibuli, se susenou cibuli a s cibulovymi
slupkami.

Cilem této studie bylo posoudit vliv druhu obohacujici slozky na:

e obsah polyfenolickych latek a AOA (metodou DPPH) u vzorku
bezlepkovych chlebi,

e tepelnou stabilitu polyfenoli béhem peceni a
e senzorické vlastnosti bezlepkovych chlebt.
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Obrazek 13. Mouka z ¢ervenych cibulovych slupek odridy Lisa.

Py A2

Z vysledkt vyplyva, ze AOA vzorki chlebt se oproti kontrole vyrazné zvysila
pfidanim smazené i suSené cibule a mletych cibulovych slupek. Pomoci LC-MS/MS
analyzy bylo zjisténo, ze cibulové vedlejsi produkty obsahuji nejvice kvercetin,
kvercetin-3,4°-diglukosid a kvercetin-4‘-monoglukosid. Jejich zastoupeni (poméry)
byly zéavislé na pouzité cibulové frakci. U suSené a smazené cibule prevladaly obé
formy glukosidii nad kvercetinem a naopak ve vzorku chleba s cibulovymi slupkami
byl dominantni kvercetin. Navic v této skupiné byly identifikovany (nikoliv
kvantifikovany) dalsi derivaty kvercetinu, které v jinych rostlinnych materidlech
nalezeny nebyly. Jedna se o ¢tyfi druhy dimeru kvercetinu a jeden trimer. Strukturni

vzorce vSech studovanych latek jsou na obrazku 14.

V souvislosti s pouzitim pohankové mouky byl také stanovovan rutin, coz je
Vv pohance dominantni polyfenol. Ve vzorcich chleb bylo nalezeno pouze
zanedbatelné mnozstvi, mezi 4,31 az 7,26 pg/g susiny. Nizké koncentrace vsak mohou
byt ovlivnéné tim, Ze byla pouzita pohankova mouka bila a nikoliv celozrnna, nebot
jak uvadi Lin et al. (2009), obsah rutinu je vyssi v celozrnné pohankové mouce,

protoze se vice vyskytuje v obalovych vrstvach nazky.

Zajimavym vysledkem, ktery tento experiment piinesl, je i poznatek o tepelné
stabilité kvercetinu a jeho derivati. Tepelna stabilita byla urCovana tak, Ze se zméfily
obsahy latek ve vzorcich tést tésné pied peCenim a poté v peCenych vzorcich chlebi.
Vysledky jednoznaéné poukazuji na to, Ze glykosidy (rutin i oba glukosidy) béhem

peceni degraduji a uvoliuje se kvercetin (aglykon), jehoz koncentrace byla v pecenych
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vzorcich vzdy o néco vyssi nez v té€stech. Velice piekvapivy jev byl pozorovan
u skupiny s ptidanymi slupkami. Zde béhem peceni doslo i k rozkladu dal$ich derivata
kvercetinu. Jedna se o dimery a trimer. Tato publikace byla prvni, kterd popsala
tepelny rozklad téchto latek. Peceni tedy piispiva ke zvySeni AOA chleba s cibulovymi
slupkami.
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Na zakladé senzorického hodnoceni vzorki chlebii bylo zjisténo, ze nahrazeni
bezlepkové smési mouk 5 % cibulovych vedlejSich produktti vyrazné neovliviiuje
ptijemnost, chut, vini, vzhled a texturu. Piidavek cibulovych slupek vSak vyrazné
zménil barvu vzorkd chlebt (viz obrazek 15). Z tohoto hlediska je mozné cibulové

slupky doporucit jako barvivo pro pekatské vyrobky.

Obrézek 15. Bezlepkové chleby vyrobené béhem experimentu.

Kontrolni chléb Chléb se smazenou cibuli

~\~

Chléb se susenou cibuli Chléb s cibulovymi slupkami

V navaznosti na senzorické vlastnosti uvadi Torbica et al. (2010), ze
problémem u bezlepkového peciva je rychlé starnuti, kdy pecivo tvrdne v disledku
retrogradace Skrobu. Z toho divodu byl proveden skladovaci pokus (tfi dny pii
pokojové teploté, nezabaleno), kde se sledovala tvrdost texturometrem TA.XT Plus
podle metody Moore et al. (2008). Vysledky (Graf 5, neni soucast publikace)
jednoznacné ukazuji, Ze nejtvrdsi po celou dobu skladovani byly chleby s cibulovymi
slupkami. To je pravdépodobné zpusobeno tim, Zze slupky obsahuji zhruba 75 %
vlakniny, kterd je pfevazné nerozpustna (Benitez et al., 2011). Na druhou stranu
nejmekéi byly vzorky se smazenou cibuli, coz bylo zptisobeno tim, Ze smaZena cibule

méla oproti suSené cibuli a slupkdm nejvyssi vlhkost, ¢imz zjemnila stiidu chleba.
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Graf 5. Zmény tvrdosti stfidy bezlepkovych chlebii béhem tiidenniho skladovani.
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Body v grafu pfedstavuji primér + smérodatnou odchylku (n = 4)

Z vysledkl vyplynulo, Ze cibulové vedlejsi produkty jsou vhodnym zdrojem
polyfenolickych AO, které mohou byt ptfidavany do bezlepkového chleba. Nejbohatsi
surovinou jsou bezesporu mleté cibulové slupky, kde je dominantni latkou kvercetin,

ktery je stabilni béhem peceni a zistava tak i v hotovém vyrobku.
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ARTICLE INFO ABSTRACT

Keywords:
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This study investigated the effects of the addition of onion waste fractions into gluten-free (GF) bread to promote
its health benefits. 5% of the control (C) GF flour blend was replaced with three waste fractions in the form of:
fried onion (FO), dried onion (DO) and onion peel (OP). Antioxidant activity, content of flavonols and total
polyphenols of breads increased in the following order: C < FO < DO < OP. No differences were observed in
sensory analysis. We found that quercetin glycosides, dimers and trimer in OP-bread, determined according to
their mass spectra, decomposed during baking and released free quercetin, which points to their thermal in-
stability. Cross-over study revealed that consumption of OP-bread significantly increased (p < 0.05) anti-

oxidant activity of consumers’ blood compared to control bread consumption, indicating good bioavailability of

Chemical compounds studied in this article:
Quercetin (PubChem CID 5280343)
Quercetin-4’-O-glucoside (PubChem CID
12442954)

Quercetin-3,4”-O-diglucoside (PubChem CID
44259154)

Rutin (PubChem CID 5280805)

sensory acceptance.

flavonols. Results suggest incorporation of OP into GF bread can increase its biological value with satisfactory

1. Introduction

Celiac disease is an immune-mediated systemic disorder triggered
by ingestion of gluten or related prolamines in genetically susceptible
individuals and is occurring still more frequently in the human popu-
lation. The only effective treatment for celiac disease is a strict ad-
herence to a gluten-free (GF) diet throughout the patient’s life. Previous
studies have demonstrated that 20-38% of celiac patients have some
nutritional deficiencies, therefore obtaining GF food products with
health-promoting components (such as fibre, antioxidants and/or mi-
nerals), the optimization of recipes and the characterization of final
products in terms of sensory acceptance and potential functional
properties have acquired a lot of interest in the past few years
(Giménez-Bastida, Piskula, & Zielinski, 2015; Saturni, Ferretti, &
Bacchetti, 2010).

Development of GF products involves a diverse approach which

= Corresponding author.

includes the use of starches, dairy products, gums and hydrocolloids,
other non-gluten proteins or prebiotics in order to improve the struc-
ture, mouthfeel, acceptability and shelf life of GF bakery products.
Finally, blends of buckwheat and rice flours in the presence of hydro-
genated vegetable fat also have the potential to produce GF breads with
good sensory attributes (Torbica, Hadnadev, & Dapcevi¢, 2010).
By-products of fruit and vegetable processing are appropriate
sources of nutrients and functional ingredients for GF products without
increasing their price (Drabinska, Ciska, Szmatowicz, & Krupak-Kozak,
2018). Suitable sources meeting these requirements can be, for ex-
ample, onion waste, which is composed of different fractions, such as
the upper and bottom parts of onion bulbs, onion skin and undersized,
malformed and diseased or damaged bulbs (Nile, Nile, Keum, &
Sharma, 2017). Based on FAOSTAT (2017), the onion is the second
most cultivated vegetable in the world, with an approximate production
of 98 million tons every year, which results in huge amounts of by-
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products. Hence it is necessary to find a way to utilize them. The waste
products generated from industrially processed onions consist of a
significant amount of dietary and phenolic compounds, especially
quercelin and its derivatives, mainly represented by glucosides (Benitez
et al,, 2011).

Over the last few decades, many biological studies on quercetin
have been published, reporting a wide range of biological effects in vitro
and in vivo, including anti-inflammatory and neuroprotective activities
(Almeida et al., 2018), as well as antioxidant and protective properties
against cancer and cardiovascular diseases (Lesjak et al., 2018). There is
already quite a lot of evidence that suggests onion peel is a good source
of quercetin and dietary fibre which can be added to wheat bread
(Gawlik-Dziki et al., 2013; Prokopov et al., 2018).

However, potential health effects of bioactive compounds depend
on bioavailability that follows oral administration (Egert et al., 2008)
and their stability or transformation during food preparation (Germ
et al., 2019), because, according to Ou, Wang, Zheng, and Ou (2019),
some polyphenols are not thermally stable. High temperatures during
cooking can cause cleavage of the glucosyl moiety from aglycone,
which can then change the bioavailability of the original compound
(Manach, Scalbert, Morand, Rémésy, & Jiménez, 2004).

Considering all the arguments mentioned above, we hypothesized
that the incorporation of onion waste into GF bread may improve its
potential health benefits. Therefore, the aim of this study was:

i. to assess the effect of different fractions of onion waste on the
content and thermal stability of biologically active compounds and
the antioxidant activity of fortified GF breads,

i. to evaluate sensory characteristics of GF breads and

iii. to investigate the effect of consumption of fortified GF bread on the

antioxidant activity and the concentration of free radicals in the
blood of consumers.

=
==

In addition, the new HPLC-MS/MS method was employed to char-
acterize and quantify some of the main biologically active compounds
in enriched doughs and breads.

2. Materials and methods
2.1. Preparation of onion wastes and enriched GF breads

First of all, onion-related ingredients were prepared. The industrial
waste of the red variety, Lisa, supplied by a local grower (VITAL Czech
s.1.0., Vestary, Czech Republic), was composed of dry onion peel and
small or unusually-shaped (deformed) but disease-free onions that did
not meet required visual quality parameters to be sold on the market.

The onion peel was washed with drinking water and dried at 40 °C
to a consistent weight and then milled to powder with particles smaller
than 0.25 mm. One part of the deformed onion bulbs was peeled and
cut into small pieces. These were then fried for seven minutes in oil
used in bread-making, reaching a temperature of 113 °C in the middle
of the onion pieces. The second part of the waste was processed even
with inner dry layers of peel (closer to the centre of the bulb) as follows:
it was washed with drinking water and cut into slices (0.3 mm), dried
(40 "C/48 h) and also milled to a fine powder (< 0.25 mm). All three
fractions were stored at 4 °C prior to bread making.

Control bread (C) was prepared according to this formula (all per-
centages are w/w): unhusked white buckwheat flour 19.2%, corn flour
13.7%, rice flour 11%, linseed flour 9.3%, yeasts 0.4%, rapeseed oil 1%
and water 45.4%. In experimental batches, 5% (w/w) of the dry control
flour blend was replaced with a) fried onion (FO), b) dried onion (DO)
and ¢) onion peel (OP). The content of water, yeasts and oil remained
unchanged. In the FO group, the requested amount of rapeseed oil,
which was used for frying, was added together with the fried onion. The
percentages of antioxidant-rich materials were chosen after previous
antioxidant activity and sensory analyses (data not shown). All

Food Chemisry 319 (2020) 126562

ingredients were put into an automated electric bread maker (Duplica
Vital Plus, Eta, Czech Republic). The baking process consisted of three
steps: the first step - mixing of ingredients (30 min; room temperature);
the second step - fermentation (60 min; 33 “C) and the last step, baking
(60 min; 180 "C). The maximum temperature inside of the dough
reached roughly 95 °C during the last 30 min of baking. Finished breads
were taken out of the bread maker and left to cool down to room
temperature overnight. Samples of doughs (the dough moisture content
ranged from 52.2 to 54%) were taken before commencement of the
baking phase (at the end of fermentation phase) and from finished
breads after cooling down to room temperature (the moisture content
for all breads ranged between 48.6 and 51.4%). Afterwards, all samples
taken for chemical analyses were lyophilised (containing 1.3 to 3% of
water after lyophilisation), milled (< 0.25 mm) and stored at 4 *C until
analysis. Lyophilised samples were analysed for their antioxidant ac-
tivity, flavonoids and total polyphenolic content (TPC), whilst fresh
bread samples were also used in sensory analyses, colour measurement
and cross-over stud.

2.2. Study design of cross-over experiment

To find out how antioxidants from control and enriched breads af-
fect in vivo antioxidant activity (FORD assay - Free Oxygen Radical
Defence) and in vivo concentration of free radicals (FORT assay - Free
Oxygen Radical Test) in the blood of consumers, the following trial was
conducted. It was designed as a randomised cross-over experiment se-
parated by a one-day wash-out interval.

According to Bojnanskd, Francdkovd, Chlebo, and Vollmannova
(2009), a 200 g portion of C and OP breads were administered to 14
healthy volunteers (3 men and 11 women who were staff and students
of the University of South Bohemia in Ceské Budé&jovice) with an
average age of 26 *+ 5 years and weight of 61.5 = 9.27 kg. They were
randomly divided into two groups, A and B, each composed of 7 vo-
lunteers. Subjects were told not to eat antioxidant rich foods such as
vegetables and fruits and drink beverages for 1 day prior to and
throughout the experiment (foods that were avoided together with re-
commended foods are shown in Supplementary Material 1). Volunteers
were familiar with the experiment and written informed consent was
obtained from all of them. The study was approved by the Ethical
Committee of the Faculty of Education, University of South Bohemia in
Ceské Bud&jovice and was in accordance with the Helsinki Declaration.

Group A ingested C bread and group B ingested OP bread. After a
one-day wash-out period groups were swapped, so that group A in-
gested OP bread and group B ingested C bread. This means that the time
between consumption of C and OP bread (and vice versa) for all par-
ticipants was 48 h. In all days, groups of volunteers came to the la-
boratory in the morning at 8:00 after an overnight fast of at least 12 h
and their FORD and FORT in their blood were measured (time
0 = baseline). After this, the breads were consumed with 200 ml of
water and were ingested within 10 min. Then, 90 min after ingestion,
antioxidant activity and free radicals were measured again, to simulate
the same time period and methodology as reported by Kashino et al.
(2015).

2.3. Chemical analyses

2.3.1. Chemicals

Chemicals were supplied from Sigma-Aldrich (Prague, Czech
Republic), namely quercetin (purity = 95%), quercetin-4’-O-glucoside
(purity = 95%), quercetin-3,4’-O-diglucoside (purity = 85%), gallic
acid (purity = 99%), sodium acetate (purity = 99%), acetic acid
(purity = 99%), formic acid LC/MS grade 98-100%, acetonitrile LC/
MS grade, methanol LC/MS grade, ethanol for spectroscopy, sodium
carbonate, ferric (IIT) chloride, hydrochloric acid (37%; HC), 2,4,6-tris
(2-pyridyl)-1,3,5-triazine (TPTZ, purity = 98%), 2,2-diphenyl-1-pi-
crylhydrazyl (DPPH), Trolox (purity = 97%), Folin-Ciocalteau’s phenol
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reagent. FORD and FORT kits were obtained from Callegari SpA, Italy.

2.3.2. HPLC-MS/MS analysis of antioxidant compounds in doughs and
breads

Approximately 1 g of the lyophilised sample was mixed in 5 ml of
methanol, then extracted using an ultrasonic bath for 15 min and oc-
casionally shaken. The extract was centrifuged at 4000 rpm for 15 min
and kept at —18 “C until analysis, For analysis, 5 ul of the properly
diluted sample was injected into the HPLC-MS/MS system.

Analyses were carried out on the HPLC Dicnex UltiMate 3000
system and Agilent 6420 triple quadrupole mass spectrometer (MS)
equipped with an electrospray ionisation source (ESI). For separation, a
Phenomenex Kinetex column (C18, 2.6 um, 150 x 2.1 mm) maintained
at 35 °C was used for the separation of analytes. Mobile phases con-
sisted of mobile phase A (5% acetonitrile and 0.5% formic acid) and B
(100% acetonitrile). The gradient involved a linear increase of solvent B
from 15 to 70% within 20 min, then a decrease back to 15% in the next
5 min. Afterwards, the column was equilibrated for 5 min to be pre-
pared for the next injection. The flow-rate of the mobile phases was
0.2 ml/min.

After separation, analytes were introduced into the MS operating in
ESI negative mode, which was used for their identification and quan-
tification. Quantification of quercetin, quercetin-4’-O-glucoside, quer-
cetin-3,4’-O-diglucoside and rutin was performed using multiple reac-
tion monitoring (MRM). Settings of MS parameters were as follows:
11 L/min of drying gas (N3), nebulizer pressure of 35 psi, gas tem-
perature 300 °C, capillary voltage —4kV and cell acceleration voltage
of 7 V. Fragmentor voltage (FV), collision energy voltage (CE) and
transitions were optimised for each compound. For quercetin the
transition m/z was 301 — 151 with FV = 130 V and CE = 20 eV, for
quercetin-4"-O-glucoside 463 — 301 m/z with FV = 100 V and
CE = 10 eV, for quercetin-3,4-O-diglucoside 625 — 463 with
FV = 100 V and CE = 10 eV, for rutin 609 — 300 with FV = 200V and
CE = 30 eV. A 6-point calibration curve for all compounds was pre-
pared in the range between 0.1 pg/ml to 25 pg/ml. Results are ex-
pressed as pg/g of dry matter (DM).

The applied method was validated considering linearity, limit of
detection (LOD), limit of quantification (LOQ), intra- and inter-day
precision.

2.3.3. Invitro antioxidant activity of doughs and breads

Exactly 0.2 g of the lyophilised sample was mixed with 9.8 ml of
methanol: water (90:10, v/v), shaken in a laboratory shaker for 10 min
and finally centrifuged at 7000 RPM at 5 °C for 15 min. Supernatant
was used for determination of the DPPH and FRAP (ferric reducing
antioxidant power) assay of antioxidant activity.

2.3.3.1. DPPH assay. A method for measuring antioxidant activity
using DPPH as a reaction agent was conducted according to Brand-
Williams, Cuvelier, and Berset (1995) with modifications. Briefly,
100 pl of extract was added to 4 ml of DPPH solution in methanol
(27.5 pg/ml). The reaction mixture was kept in the dark at room
temperature for 2 h. Then the absorbance at 515 nm was measured
against a blank. Results are expressed as Trolox equivalents (TE)/g DM.

2.3.3.2. FRAP assay. A slightly modified FRAP method of Dudonné,
Vitrac, Coutiére, Woillez, and Mérillon (2009) was used. The FRAP
reagent was prepared by the mixing of 100 ml of 300 mM acetate buffer
(pH 3.6) with 10 ml of 10 mM TPTZ in 40 mM HCl and 10 ml of 10 mM
ferric chloride. To 4 ml of FRAP reagent, 0.1 ml of sample extract was
added. The mixture was kept at 37 "C for 30 min. After this, the
absorbance was measured at 593 nm with a spectrophotometer against
the acetate buffer. Results are expressed as TE/g DM.

2.3.4. Determination of TPC of doughs and breads
5 g of lyophilised sample was extracted in 100 ml of 80% ethanol
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(v/v) under reflux at 90 °C for 120 min. The TPC was determined by the
method deseribed by Lachman, Hosnedl, and Pivec (1998) with mod-
ifications. Briefly, the obtained extract was filtrated and aliquot (1 ml)
was transferred into a 50 ml volumetric flask. Then 10 ml of deionized
water, 2.5 ml of Folin-Ciocalteu reagent and 7.5 ml of 20% sodium
carbonate were added and properly mixed. Afterwards, the flask was
filled with deionized water up to the mark. The mixture was incubated
at room temperature for 120 min, followed by the measurement of
absorbance at 765 nm. Results are expressed as gallic acid equivalents
(GAE)/g DM.

2.3.5. In vivo antioxidant activity and in vivo free radicals measurement in
blood

In vive antioxidant activity (FORD assay) and in vivo free radicals
(FORT assay) of consumers’ blood was measured using Callegari
CR3000 kit (Callegari SpA, Catellani Group, Parma, Italy) based on the
manufacturers’ instructions. 50 and 20 ul of capillary blood for FORD
and FORT analyses, respectively, was collected from their fingertips.
The capillary blood was collected as follows: subjects came into the
laboratory, warmed their hands under a stream of warm water and then
sat quietly for a few minutes to calm down. One middle finger of the
right or left hand was chosen for taking a blood sample. The finger was
cleaned (with 70% ethanol), then dried and a sterile needle was used to
make a puncture on the side of the fingertip. The first drop of blood was
removed with gauze as it may contain tissue fluid. Afterwards, the
finger was then gently and repeatedly squeezed until a big drop of
blood was formed. The blood was collected using a 50 pl glass capillary
tube for the FORD analysis and a 20 ul glass capillary tube for FORT
analysis which were included in the Callegari kits. Glass capillary tubes
were then filled with blood without air bubbles by touching the blood
drop; capillaries were filled by capillary action. Subjects’ blood was
directly mixed with supplied reagents by shaking in a closed centrifuge
micro tube, then centrifuged and spectrophotometrically determined.
The principles of the FORD and FORT analyses are described below
according to the manufacturer.

The FORD test uses a stable coloured radical, the absorbance of
which at 505 nm is inversely proportional to the concentration of an-
tioxidants in blood. Specifically, in the presence of an acidic buffer
(pH = 5.2) and a suitable oxidant (FeCl;), the chromogen (which
contains 4-amino-N,N-diethylaniline sulphate) forms a stable and co-
loured radical cation, photometrically detectable at 505 nm.
Antioxidant (AOH/AQ) in the sample reduces the radical cation of the
chromogen, quenching the colour and producing a decolouration of the
solution which is proportional to its concentration. Results are ex-
pressed as mmol TE/| blood.
Chromogen n, cotoun + Fe® ™ + H™ — Chromogen jimie
Chromogen iy + AOH — Chromogeng, coloury + AQ

FORT is a colorimetric assay based on the ability of transition metals
such as iron to catalyse, in the presence of hydroperoxides (ROOH), the
formation of free radicals which are then trapped by an amine deri-
vative CrNHs. The amine reacts with free radicals forming a coloured,
fairly long-lived radical cation, detected at 505 nm. The intensity of the
colour correlates directly to the quantity of radical compounds. Results
are expressed as mmol H.O, eq. /1 blood.

R-OOH + Fe*' — RO" + OH  + Fe®!
R-OOH + Fe** — ROO" + HY + Fe**

RO" + ROO" + 2CrNHy — ROO™ + RO + [CriNHz " Jpurpie

2.4. Sensory analysis and colour measurement of breads

Fresh bread samples were cut into slices (1.5 cm thick, square
shaped according to a baking form with dimensions of 12 x 9 em) and
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randomly marked with a three-digit number. Then each assessor re-
ceived a plate with all the samples to compare them at the same time.
Appearance, flavour, texture and overall acceptability of all sample
groups were evaluated on a 5-point hedonic scale (1 = dislike ex-
tremely, 3 = neither like nor dislike 5 = like extremely) by a 33-
member panel, which was chosen from instructed staff and students of
the Department of Food Biotechnologies and Agricultural Products’
Quality, Faculty of Agriculture, University of South Bohemia in Ceské
Budéjovice. Due to the high number of assessors and the small capacity
of the evaluation room, they were divided into smaller groups, where
the maximum number of panellists was six. The assessment room with a
controlled temperature (22 °C with approximately 40-55% relative air
humidity) was equipped with tables for each assessor and daylight-type
bulbs for balanced light. Water was also served to let panellists rinse
their mouth before the judging of the next sample. The sensory as-
sessment was led by a sensory expert who did not allow panellists to
influence each other during the analysis.

Colour analysis in the CIE L*a*b* system was accomplished using a
ColorEye XTH Spectrophotometer (GretagMacbeth, USA). Bread
crumbs were chosen as a representing part of bread and results are
expressed in the L*a*b* scale.

2.5. Statistical analysis

Results are given as the mean * standard deviation for all analyses
except sensory analysis. One-way analysis of variance (ANOVA) was
used to compare differences between groups in HPLC-MS/MS mea-
surement, in vitro antioxidant activity, TPC and colour analyses of
doughs and breads. The Tukey HSD test was thereafter applied to de-
termine the difference between groups.

Data obtained from the sensory analysis were expressed as medians
and analysed with the Kruskal-Wallis nonparametric ANOVA because
they were found not to be normally distributed, based on the Shapiro-
Wilk test.

ANOVA was used for repeated measures with the post-hoc Tukey
HSD test to assess differences in FORD and FORT assays before and after
consumption of control and enriched breads.

Differences in all analyses were considered significantat p < 0.05.
Stalistica, version 12, was used as a slatistical software.

3. Results and discussion
3.1. HPLC-MS/MS method validation

Nowadays, there is an increasing trend to use mass spectrometry as
a powerful tool for qualitative and quantitative analysis of polyphenols
in foods (Ottaviani, Fong, Borges, Schroeter, & Crozier, 2018). Many
analytical methods were developed and used for the quantitative de-
termination of flavonols in onion and onion waste products, however,
most of them were based on Diode Aray Detection after HPLC separa-
tion (Bonaccorsi, Caristi, Gargiulli, & Leuzzi, 2008; Campone et al.,
2018). Our HPLC-MS method using MRM was validated with respect to
linearity given as the correlation coefficient, detection and quantifica-
tion limits (LOD, LOQ) and precision (intra- and inter-day). Results are

Table 1
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shown in Table 1.

Calibration curves were obtained by plotting the peak areas versus
concentration of analytes. The method provided good linearity for ca-
libration curves of all compounds (r = 0.99) in the range of 0.1 to
25 ng/ml. However, sample extracts exceeding the concentration range
were appropriately diluted before injection.

Also, good results were obtained in determination of LODs and
LOQs, which were calculated according to this formula:
LOD; LOQ = %, where k is 3 or 10 for LOD or LOQ, respectively, o is
the baseline noise of the blank solution chromatogram and S the slope
of the regression line, as described by Dousa, Reitmajer, Lustig, and
Stefko (2016). The values of LODs ranged between 0.00002 and
0.00007 pg/ml and of LOQs between 0.00007 and 0.00022 ug/ml. In
both cases, the lowest values belong to quercetin-4’-O-glucoside and the
highest to quercetin. If other authors are taken into account with regard
to quercetin as a main flavonol in onion peel, our method achieved
lower LOD and LOQ, compared to Chen et al. (2015), who quantified
quercetin using LC-MS/MS apparatus. Their limits were approximately
two orders higher.

The method precision was also determined. Intra-day precision was
determined on real samples as follows: ten independently prepared
extracts (according to the established extraction method in chapter
2.2.2.) of random sample were analysed, each in duplicate. To de-
termine inter-day precision, ten previously prepared extracts, stored at
—18 "C, were analysed 14 days later, also in duplicate. Results are
given as the relative standard deviation (RSD). Analysis of method
precision gave satisfactory RSDs, for intra-day, ranging between 4.59%
and 14.35% and for inter-day, between 1.07% and 10.35%, which in-
dicates a good level of precision. Overall, the validation tests showed
that the MRM method is suitable and sensitive enough for analysis of
fortified GF breads, where it was successfully applied.

3.2. HPLC-MS/MS analysis of polyphenolic compounds in doughs and
breads

Quercetin-3,4-O-diglucoside, rutin, quercetin-4’0O-glucoside and
quercetin were analysed in doughs and baked breads enriched with FO,
DO and OP as well as in C bread. The contents of analytes are presented
in Table 2. The sum of determined flavonol compounds in doughs and
breads decreases in this order: OP > DO > FO > C.Itindicates that
OP bread has the highest flavonol content. Buckwheat flour was the
only ingredient that contained rutin, thus it was represented in all
samples in very low amounts (8.21-10.40 pg/g DM for doughs;
4.31-6.41 pg/g DM for breads). However, the content in our breads is
very similar to values presented by Lin, Liu, Yu, Lin, and Mau (2009) in
buckwheat bread (9.0 ug/g DM), where these authors replaced 15% of
wheat flour by unhusked buckwheat flour. Rutin was also the only
flavonol compound found in C dough, but in C bread after baking,
quercetin was also present, that was released from the rutin after the
cleavage of glucosyl moiety (rutinose).

The highest content of quercetin-3,4’-0-diglucoside was observed in
samples with FO (167.45 and 75.82 pg/g DM for dough and bread,
respectively). It is the expected result, because, according to Bonaccorsi
et al. (2008), 90% of flavonols in onion bulbs are represented by

Linearity, limit of detection (LOD) and limit of quantification (LOQ), intra- and inter-day precision,

Regression equation Correlation coefficient LOD LOQ Intra-day precision Inter-day precision
(pg/ml) RSD (%)
Quercetin-3,4-O-diglucoside 16783.1x + 10423.4 0.994 0.00005 0.00016 10.34 10.32
Rutin 21569.5x + 10858.1 0.997 0.00005 0.00015 14.35 10.35
Quercetin-4-0-glucoside 3 61146.8x + 44740.2 0.996 0.00002 0.00007 6.70 7.97
Quercetin v = 16497.0x + 6562.4 0.998 0.00007 0.00022 4.59 1.07

RSD: Relative standard deviation.
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quercetin  glucosides and especially, quercetin-3,4’-O-diglucoside,
which is the most abundant. On the other hand, the lowest content of
quercetin-3,4’-O-diglucoside was observed in samples with OP (dough
and bread), which is also in agreement with Takahama and Hirota
(2000), because quercetin in onion peel is mainly represented as
aglycone due to the presence of glucosidases that catalyze the cleavage
of glucose moiety. Thus, the most dominant compound in OP samples
was quercetin.

The content of quercetin in OP bread was 598.43 =+ 17.75 ug/g
DM, which was much more than reported by Gawlik-Dziki et al. (2013),
who also incorporated up to 5% of onion peel into wheat bread. Sam-
ples with DO (dough and bread) had the highest content of quercetin-4’-
0O-glucoside, which was in the range between 216.44 and 138.92 ug/g
DM. It is because dried onion contained small amounts of dry onion
peel (as mentioned in chapter 2.1.), in which this compound is also very
abundant (Benitez et al., 2011).

Many authors have studied the thermal stability of polyphenols in
enriched products because it is very important to ensure that these
antioxidant compounds are stable enough to resist high temperatures
during thermal processing and remain in the final product (Ou et al.,
2019). In our study, the content loss of flavonol compounds after heat
treatment (baking) was also evaluated (Table 2). Results show that the
total flavonol content (sum of flavonol derivatives) decreased after
baking in C, FO and DO breads, mainly because quercetin glycosides
decomposed and transformed into quercetin, which in all breads was
slightly higher than in doughs. The least stable was quercetin-3,4’-O-
diglucoside (only 31% remained in breads) whereas quercetin-4’-O-
glucoside and rutin had almost the same values (58% and 60% re-
mained, respectively). This transformation was foreseeable. On the
other hand, a very different situation occurred in groups (dough and
bread) enriched with OP. There was a very significant increase of
quercetin in bread after baking (almost a 3-fold higher content than in
dough).

As mentioned above, 90% of flavonol antioxidants in onion bulbs
are represented mainly by glucosides, but in onion peel they are re-
presented predominantly by free quercetin and its derivatives such as
dimers, trimer, glucoside-dimers and condensation products with pro-
tocatechuic acid. These compounds were identified according to their
mass spectra obtained by MS/MS analysis (Table 3) and confirmed by
literature data (Campone et al., 2018; Ly et al., 2005). Fig. la and 1b
shows full scans (Total lon Chromatogram) of dough and bread re-
spectively, both enriched with OP. There can be clearly seen that under
the described baking conditions (180 *C/60 min; 95 ‘C/30 min inside of
the dough) these derivatives decomposed to their final degradation
product, quercetin. This finding gives a brief insight into the thermal
stability of quercetin dimers and trimer. High temperatures (above
100 °C) are also applied in techniques (e.g. subcritical water extraction)
used for obtaining phenolic compounds from onion solid wastes, in-
cluding onion peel, that can be used as a food additive or for medical
purposes (Munir, Kheirkhah, Baroutian, Quek, & Young, 2018). Some

Table 3
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papers have been published concerning the utilization of onion peel in
wheat bread (Gawlik-Dziki et al., 2013; Prokopov et al., 2018) and also
several papers dealing with the positive biological impact of onion peel
extracts on human health (Abouzed et al., 2018; Choi et al., 2015). It
means that it is important to know how these compounds behave
during the thermal processing of food, because it can change their
structure and also their biological effects, which still remain unknown.
It is also very difficult or almost impossible to determine the thermal
stability of quercetin when it is in a mixture with its derivatives, be-
cause its content raises after derivatives decompose. However, our re-
cent results imply that quercetin is very stable at baking conditions,
whereas glycosides, dimers and trimer are not.

3.3. In vitro antioxidant activity (DPPH and FRAP assay) and TPC in
doughs and breads

The same trend as in total flavonol content, measured by LC-MS/
MS, is observed in the case of antioxidant activity (DPPH and FRAP
assay), as given in Table 2. Addition of onion wastes (FO, DO, OP) into
doughs and breads increased antioxidant activity significantly
(p < 0.05) compared to C samples. Also baking affected these values,
because in baked breads, antioxidant activity was lower than in doughs
with the exception of OP samples, where antioxidant activity was sig-
nificantly higher (p < 0.05) in both assays. This phenomenon suggests
that quercetin, after degradation of its derivatives (dimers, condensa-
tion products with protocatechuic acid and glycosides), has higher
antioxidant activity than when it is bounded. This is in agreement with
Ly et al. (2005), who reported also the highest antioxidant activity for
quercetin compared to its bound forms in onion peel extract. This claim
is also supported by correlation analysis. A very strong statistically
significant (p < 0.05) correlation was found between the quercetin
content and antioxidant activity. Coefficients (data not given in the
table) were 0.91 and 0.98 for DPPH and FRAP, respectively.

The highest value for TPC was noticed in dough and bread fortified
with OP (5.27 = 0.01 and 5.28 = 0.11 mg GAE/g DM, respectively).
The content of polyphenols in enriched doughs and breads decreased in
the following order: OP > DO > FO > C. There was a very slightly
decreasing trend in TPC after heat treatment (i.e. baking) of doughs,
however, these changes were not statistically significant (p > 0.05).
This can be probably caused by the degradation of quercetin derivatives
into quercetin, which reacts with the Folin-Ciocalteu’s reagent in the
same ratio as when quercetin is bounded to glycosyl moiety, or in di-
mers, trimer or condensation products with protocatechuic acid.
However, the exact reaction is still unknown (Sanchez-Rangel,
Benavides, Heredia, Cisneros-Zevallos, & Jacobo-Velazquez, 2013).

3.4. Sensory and colour analysis of breads

Our assumption was that the addition of DO and OP causes the
deterioration of organoleptic properties, and that the FO would be the

HPLC-MS/MS data of flavonol compounds in dough and bread enriched with onion peel.

Peak No. Compound Retention time (min) ESI negative [M—H]~ (m/z)
Molecular lon Fragment ions (MS/MS)
1 Quercetin-3,4"-0-diglucoside 2.88 625 301, 151
2 Rutin 3.65 609 463, 301, 300, 151
3 Quercetin-4'-O-glucoside 6.83 463 301
4 Condensation products of quercetin with protocatechuic acid 9.50 453 299
5 9.69 453 299
6 Quercetin 9.95 301 273,179, 151, 121
7 Adduct of quercetin with quercetin-4-O-glucoside 11.58 763 299
8 4-O-glucoside of quercetin dimer 12.87 763 299
9 Quercetin dimer 14.91 601 299, 273
10 Quercetin trimer 17.12 901 599, 299
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Fig. 1. Total Ion Chromatogram (full scan; presented compounds are described in Table 3) of (a) dough and (b) bread enriched with onion peel.

most preferred, but this was not confirmed. Nevertheless, despite these
results, sensory analysis yielded satisfactory results.

Differences were observed among samples within descriptors of
appearance and texture (Table 4), but they were not statistically sig-
nificant (p > 0.05). The lowest score for the appearance and texture
was received by C bread. Texture evaluation also revealed OP bread as
less favourable, which is consistent with results published by Prokopov
et al. (2018). This can be explained by the presence of the high content
of non-soluble fibre (Benitez et al., 2011) which makes the texture
harder. On the other hand, Gawlik-Dziki et al. (2013) reported that
wheat bread fortified with 5% of onion peel powder was assessed as the
worst which was not in agreement with our results. However, our
breads had a different recipe (GF vs. wheat bread), which could cause
the difference in acceptability. It could be caused by the fact that
buckwheat flour gives the bread a characteristic aroma (Lin, Hsieh, Liu,
Lee, & Mau, 2009) which could cover the pleasant taste of fried onion in
the bread or that the amount of onion ingredients was too small.

Applying FO, DO and OP had a significant effect (p < 0.05) upon
the colour of GF breads in the CIE L*a*b* system (Table 4). The

addition of wastes of a red variety of onion caused a decrease in the L*
value, which made fortified samples darker compared to the control
and with a big contribution of red in the case of the sample with OP
where the a* value was 11.3 + 0.6 vs. 5.3 = 0.1 for the control. This
suggests that the utilization of onion peel from the red variety can serve
as a colorant for breads. Samples with FO and DO were very similar in
L* and a* values, whereas b* was slightly but statistically different
(p < 0.05).

3.5. In vivo antioxidant activity and in vivo free radicals in the blood of
consumers

For this experiment, whose results are shown in Fig. 2, C bread and
bread with OP as the experimental bread were chosen. Despite the fact
that OP enriched bread had a lower sensory score in texture compared
to other enriched groups, differences were not statistically significant,
thus we decided to choose this sample because it had the highest con-
tent of TPC, highest antioxidant activity and highest amount of quer-
cetin.

Table 4

Sensory analysis of control bread, and breads enriched with fried onion, dried onion and onion peel and their colour analysis in the CIE Lab system.
Assessed attribute Control Fried onion Dried onion Onion peel
Appearance 3 4 4 4
Flavour 3 3 3 3
Texture 3 4 4 3
Overall acceptability 3 3 3 3
L+ 47.0 = 02% 40.5 = 0.1° 41.5 = 0.4° 27.0 = 0.6°
a* 53 + 0.1% 55 + 0.4 6.3 = 0.4° 11.3 + 0.6"
b* 16.8 = 0.3% 139 + 1.2° 16.5 = 0.2% 11.9 + 0.6°

Results are expressed as median for sensory analysis (n = 33) and as mean =

standard deviation for colour analysis (n = 3).

Values with different upper case letter within a row differ significantly (p > 0.05).

Score 5 is the best.
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Fig. 2. In vivo antioxidant activity (a) and in vivo free radicals concentration (b)
in blood of consumers before (0 min) and after (90 min) consumption of control
and onion peel enriched bread.

There are some suggestions that food matrix enhances the bioa-
vailability of quercetin, e.g. quercetin from onion peel is more bioa-
vailable than a pure compound (Burak et al., 2017) due to its lipophilic
character and low solubility in the digestive tract (Wiczkowski et al.,
2008). To the best of our knowledge, this is the first study that deals
with the antioxidant activity of consumers’ blood after the adminis-
tration of functional GF bread fortified with onion peel powder, which
is a real and common type of food for some consumers.

A 200 g portion of control bread contained 0.84 mg of flavonols (the
sum of quercetin-3,4-O-diglucoside, rutin, quercetin-4"-O-glucoside
and quercetin) which corresponds to 0.51 mg of quercetin equivalents.
The same portion of OP enriched bread contained 68.02 mg of flavonols
(approximately 65 mg quercetin equivalents), that were mainly re-
presented by quercetin aglycone, as described in chapter 3.2. This
content is adequate, because quercetin may be used as a nutraceutical
for functional foods within a content range of 0.008-0.5% or
10-125 mg/serving (Harwood et al., 2007).

It can be seen in Fig. 2a, that the C bread did not alter FORD values
(antioxidant activity) in consumers’ blood, but after OP enriched bread
was ingested, the antioxidant activity of subjects increased significantly
(p < 0.05) to double the compared values before consumption.

In FORD assays, our data show considerable inter-individual
variability (standard deviation). As reported by Almeida et al. (2018),
in many studies focused on bioavailability of quercetin, high inter-in-
dividual variability was observed, which can arise from numerous
factors, including genetic polymorphism, dietary adaptation, composi-
tion of gut microbiota, drug exposure and other subject characteristics
such as body mass index and health status.

Qur finding is a contrary result compared to other authors (Egert
et al., 2008; Shanely et al., 2010), who did not observe any effect on
antioxidant activity of blood after oral supplementation with quercetin.

Food Chemistry 319 (2020) 126562

However, they administered a pure compound in the form of capsules
which was not therefore presented in its natural matrix (e.g. food).
They also used different monitoring methods, such as ORAC (oxygen
radical absorbance capacity) or FRAP. Thus it is hard to compare these
results. Nevertheless, these antioxidant activity measurement methods
as well as other assays (including FORD) suffer from low specificity
(Lotio & Frei, 2006), and thus each of them can give different results.
Unfortunately, authors who were focused on the bioavailability of
quercetin from onion peel did not measure blood antioxidant activity
(Burak et al., 2017; Kashino et al., 2015; Wiczkowski et al., 2008).

FORT is a fast, simple and non-selective method for the determi-
nation of free radicals that was used in several studies (e.g. Lorgis et al.,
2010). Antioxidants provided in the diet neutralize free radicals pro-
duced by physiological processes and obtained from exogenous sources
(Harasym & Oledzki, 2014). However, we did not observe any statis-
tically significant changes (p > 0.05) 90 min after the consumption of
C or OP enriched bread, even though there were differences in FORD
after the consumption of OP bread. This can be partly explained by the
nonsufficient dosage of quercetin equivalents and/or the length of the
experiment. Thus more research is still needed.

4. Conclusions

In present days, there are a vast amount of onion wastes composed
of different fractions that are excluded from the food chain. In this
research, our study presented the fate of biologically active compounds
from onion wastes on their way from enriched dough, through their
changes during bread baking, to humans via bread consumption. The
incorporation of different kinds of onion waste, including deformed but
healthy onions (fried or dried) and onion peel, significantly increased
the content of flavonols, TPC and the in vitro antioxidant activity of
fortified GF breads. However, onion peel appeared to be the richest
source of flavonol antioxidants. Also baking showed significant influ-
ences on the quality and quantity of flavonols, determined by the new
LC-MS/MS method, in onion waste enriched breads. Nevertheless,
quercetin showed good thermal stability, despite the fact that thermal
treatment decomposed complex quercetin derivatives, such as dimers
or trimer, which caused a release of quercetin itself. Finally, in a cross-
over FORD and FORT assay study, we found a significant increase of in
vivo antioxidant activity in consumers’ blood after the consumption of
onion peel enriched bread compared to control bread. This indicates
that flavonols from onion peel are bioavailable even though they un-
derwent changes during baking at high temperatures. Thus, we con-
clude that onion peel is a rich source of antioxidants suitable for bread
made from GF ingredients with potentially elevated health benefits
while maintaining satisfactory sensory properties.
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Supplementary material 1

List of foods that were not allowed and recommended during the in vivo experiment

1.) Foods that were not allowed

o

M E@ Mo a0 o

all kinds of fruits and vegetables in any form

cocoa, chocolate

legumes

wholegrain bakery products (including buckwheat)

nuts and seeds,

virgin oils

offal

beverages — fruit or vegetable juices, coffee, tea (black, green or herbal)
alcoholic beverages — especially wine, beer and herbal alcoholic beverages

2.) Recommended foods

o

M ER e a0 o

drinking water (excluding sparkling water)

potatoes

white peeled rice

wheat pasta

dumplings

white wheat bread and pastries

dairy products — milk, butter, fresh non-ripened cheeses, cottage
refined oil

meat/meat products — chicken, pork/chicken ham
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54 MOUKA Z CIBULOVYCH SLUPEK JAKO ZDROJ ANTIOXIDANTU
PRO MASNE VYROBKY

Bedrnicéek, J., Kadlec, J., Laknerova, 1., Mraz, J., Samkova, E., PetraSkova, E., Hasonova, E.,
Vacha, F., Kron, V., Smetana, P. Onion peel powder as an antioxidant rich material for
sausages prepared from mechanically separated fish meat - Manuskript.

Rybi maso je nutricné cenna soucast lidské stravy, protoze obsahuje
polynenasycené mastné kyseliny s dlouhym fetézcem, které maji pozitivni vliv na
lidské zdravi (Tilami a Sampels, 2018). Jedna se zejména o dokosahexaenovou (DHA)

a eikosapentaenovou (EPA) kyselinu.

Rybatsky primysl pro lidskou konzumaci ¢asto ziskava z ryb jen filety (FAO,
2018). Pti takovém zpracovani ryb vznika velké mnozstvi odpadd, resp. vedlejsich
produkti, které mohou tvotit az 55 % z celkové hmotnosti ryb. Do téchto odpadii patii
naptiklad zbytky masa na kostech po filetovani, ze kterych se mize ziskat strojné
oddélené maso, které je stale nutricné cenné a které¢ mize byt pouzito na vyrobu rybich
masnych vyrobkl (Arvanitoyannis a Tserkezou, 2014; Palmeira et al., 2016), zejména

klobas, pastik nebo sekanych.

Mastné kyseliny obsazené v rybim mase rychle podléhaji oxidaci, coz je jeden
Z hlavnich divodl vedouci ke zhorSovani kvality rybich produktt. Nasledkem oxidace
je sniZeni nutri¢ni hodnoty a tvorba latek, které mohou negativng ovlivnit lidské zdravi
(Alietal., 2019). Z hlediska udrznosti vedlejsich produkti vznikajicich pfi zpracovani
ryb je nachylnost k oxidaci vyssi nez u samotného rybiho masa (Jayathilakan et al.,

2012).

Cibulove slupky obsahuji velké mnozstvi polyfenolli (Benitez et al., 2011),
proto by mohly vySe popsanym negativnim zménam probihajicim v mase zabranit.
V tomto pokusu byla misto vyluhti (popsanych v kapitole 5.2) vybrana slupkova
mouka. Divodem byla skutecnost, Ze AOA vyluhti neni tak vysoka, a protoze cibulové
slupky obsahuji mimo jiné i znaéné mnozstvi vlakniny, ktera by mohla mit urcity
technologicky vyznam. Je totiz znamo, ze vldknina v masnych vyrobcich mize
zvySovat vaznost vody a snizovat hmotnostni ztratu béhem tepelného opracovani

(Feiner, 2006).

99



Cilem experimentu bylo zjistit vliv pfidavku mletych slupek do rybich klobas na:

hmotnostni ztratu béhem tepelného opracovani,

pH,

AOA (metodou DPPH),

obsah celkovych polyfenolt,

oxidaci lipidi (TBARS),

senzorické vlastnosti a

mikrobiologické vlastnosti (celkovy pocet mikroorganismi a
psychrotrofni mikroorganismy).

Celkem byly vyrobeny ¢&tyti skupiny vyrobku: rybi klobasy obohacené 1 %,
2 % a 3 % mouky z cibulovych slupek Z (obrazek 16), skupina bez ptidavku mouky
byla kontrolni (obrazek 17). Po tepelném opracovani byly klobasy vakuové zabaleny

a skladovéany 28 dni pfi teploté 5 °C. Rozbory byly provadény 0., 7., 14., a 28. den.

Obrazek 16. Mouka z cibulovych slupek zluté odrady Hybelle.

Pridavek slupkové mouky vyznamné zvySil AOA rybich klobas i obsah
celkovych polyfenolll. Nariist téchto hodnot byl pfimo imérny pridanému mnoZstvi
slupek. S tim souvisela i snizena oxidace tukd. U kontrolnich vzorki byly oproti
vzorkiim se slupkovou moukou hodnoty MDA po celou dobu skladovani vyrazné

VySSi.

100



Obrazek 17. Klobasy ze strojn¢ oddéleného rybiho masa s riznym podilem
cibulovych slupek Zluté odrady Hybelle.

Kontrola 1% 2% 3%

Zajimavé byly zmény hodnot pH vzorkl klobas v priibéhu celého skladovani.
Ptidavek cibulovych slupek vyznamné snizil pH vzorku, které se projevilo uz v den
vyroby. Nejvyssi pH mély kontrolni vzorky a nejnizsi vzorky s ptidavkem 3 %
cibulovych slupek. To mohlo byt zptisobeno kyselou povahou latek piitomnych
v cibulovych slupkach, které obsahuji velké mnozstvi pektinu, az 28 % (Babbar et al.,
2016). Tento heteropolysacharid je sloZzeny z fetézce galakturonové kyseliny, ktera
dava pektinu kyselé vlastnosti (Slavov et al., 2009). SniZzeni pH masného vyrobku tak

muze prodlouzit jeho trvanlivost (Leistner a Gorris, 1995).

Velmi pozitivni vysledky pfinesla i senzorickd analyza. Rybi klobasy s 1 %
a 2 % cibulovych slupek byly ze senzorického hlediska hodnoceny vyrazné 1épe po
celou dobu skladovani, zatimco senzorické vlastnosti kontrolnich vzorkl byly
hodnoceny spiSe negativné. Vzorky se 3 % cibulovych slupek byly rovnéz hodnoceny
negativné, zejména z diivodu nepiijatelné, tuhé konzistence. Cibulové slupky dokéazaly
ve vzorcich rybich klobas velmi efektivné bud’ ptekryt nebo zmirnit nepfijemny rybi
pach, ktery je pro konzumenty ¢asto divodem odmitani (Leek et al., 2000). Z pohledu
senzorickych vlastnosti se tedy zda byt ptidavek 1 % az 2 % slupkové mouky idealnim

mnozstvim.

Obohaceni vzork rybich klobas 3 % slupkové mouky Se projevilo negativné
I na hmotnostni ztraté¢ béhem tepelného opracovani. Nepotvrdila se tudiz hypotéza, ze
by mohlo vyssi procento cibulovych slupek pfispét k vyssi vaznosti vody v masném
vyrobku. Nejpravdépodobné;jsi vysveétleni tohoto jevu bude spocivat ve skutecnosti, ze

vlaknina ve slupkach dokéaze vodu poutat mnohem rychleji nez proteiny, které jsou za
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vaznost vody primarné zodpovédné, ale nasledné béhem tepelného opracovani neni

tato vlaknina schopna vodu udrzet.

V piipad¢é zpracovani zivocisSnych produktii je problematicka udrznost také
z hlediska mikrobialniho. Ptidavek ruznych ingredienci, naptiklad kofeni mtze byt
rizikovy v dasledku kontaminace Sirokou skalou mikroorganismt (Hampikyan et al.,
2009).

V experimentu se ukazalo, ze tepelné oSetfeni neinaktivovalo vsechny
mikroorganismy a zda se, ze vyssi piidavek cibulovych slupek mohl zpusobit i vyssi
mikrobidlni zatéz. Nicméné celkovy pocet mikroorganismii nemusi nutné¢ znamenat
ptitomnost bakterii zpisobujici kazeni masa, coz potvrdila i senzoricka analyza.
Z téchto davodi by bylo vhodné se v dalsim vyzkumu zaméfit vice i na tuto

problematiku.

Z celkovych vysledkt vyplyva, ze ptidavek 1 — 2 % cibulovych slupek dokazal
prodlouzit trvanlivost klobas vyrobenych zrybiho masa, zejména z hlediska

senzorického a chemického (snizena oxidace lipidh).
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ABSTRACT

Mechanically separated fish meat (MSFM) can be used for manufacturing of ready-
to-eat products, such as sausages, however, it is highly perishable. Several plant by-
products, including onion peel, rich in polyphenol antioxidants can be added to food
to extend shelf life. This study investigated the effects of the addition of onion peel
powder (OPP) to sausage made from MSFM. Sausages were divided into four
treatments with different amounts of added OPP: 0 % (control), 1 %, 2 % and 3 %.
Cooked sausages were stored for 28 days at 5 °C. Samples were analysed for
thiobarbituric acid reactive, antioxidant activity, total polyphenol content, pH and
organoleptic properties. The addition of OPP significantly increased antioxidant
activity and total polyphenol content and decreased pH indicating acidic nature of
OPP. Polyphenols from OPP effectively suppressed lipid oxidation. 1-2 % addition of
OPP enhanced sensory properties. After 28-day storage, control samples received the
lowest sensory score due to the presence of strong fishy odour which was not presented
in samples with OPP. HPLC-MS/MS analysis revealed that quercetin is the most
dominant compound in OPP. Overall, results indicate that the addition of OPP in

amounts 1-2% can extend shelf life without deterioration of sensory properties.

KEYWORDS

Mechanically separated fish meat, fish sausage, onion peel, lipid oxidation, shelf life

1. INTRODUCTION

Fish meat is nutritionally valuable part of the human diet and consumption two times
a week is recommended, mostly due to the content of long chain polyunsaturated n-3
fatty acids with positive impact on human health (Tilami and Sampels, 2018).

In 2016, about 88% (of total 171 million tonnes) of fish production were utilized for
direct human consumption, primarily in live, fresh or chilled form, however, the fish
industry often extracts only fillets. The remaining 12% were used for non-food
purposes, such as fish meal or fish oil (FAO, 2018).

Fish processing is tightly related to the production of wide range of wastes or by-

products. The edible proportion of fish represents approximately 45% of the total fish

104



weight; therefore, 55% of the fish can be considered as a fish waste from processing,
including head, guts, bones, skin, fins, frame and meat adhered to bones and skin
(Arvanitoyannis and Tserkezou, 2014). On the other hand, mechanically separated fish
meat (the meat originally adhered to head, bones and skin) from commercial fish
processing and fishes not acceptable, such as fillets and whole fishes with non-
commercial size, are considered as a fish waste, which can be consumed by human
and, therefore, could be used for the manufacturing of ready-to-eat products (Palmeira
etal., 2016).

According to Vanhonacker et al. (2013), some people may have an aversion to fish
consumption. The reason of this is perceived difficulty in buying, preparing and
cooking, the belief that it is expensive, or the unpleasant properties of some varieties
of fish such as presence of bones and the smell (Leek et al., 2000). Such a ready-to-eat
product is for example fish sausage, since it could overcome above mentioned barriers

for consumers, and thus, might be easily acceptable.

Unfortunately, fish meat, compared to poultry, pork or beef, is known for its very short
shelf life, due to faster chemical and biological changes (such as oxidation of lipids,
autolytic changes and metabolic activities of microorganisms) starting at the onset of
the fish death (Linhartova et al., 2019). Far worse situation is in case of the utilization
and disposal of product specific waste due to its inadequate biological stability,
potentially pathogenic nature, high water content, potential for rapid auto-oxidation
and high level of enzymatic activity (Jayathilakan et al., 2012).

The incorporation of antioxidants is considered as an effective method to inhibit or
delay the lipid oxidation that may result in negative sensory and nutritional changes of
meat product, thereby extending the shelf life of products. Despite synthetic
antioxidants have been used in recent years, the demand for natural antioxidants has
been increased mainly because of adverse effects of synthetic antioxidants on human
health. Thus, it is still increasing trend to investigate effects of natural antioxidants
from plant sources as meat products additives (Shah et al., 2014; Das et al., 2020).

These plant sources could be for example vegetable processing by-products, such as

onion peel. Onion (Allium cepa L.) is the second most cultivated vegetable in the world
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and thousands of tons of waste, generated during its processing, are produced annually
only in the European Union (Choi et al., 2015). It was reported that onion peel contains
high amounts of dietary fibre, and also polyphenolic antioxidants, mainly quercetin
and its derivatives which belong to a group of flavonoids (Jaime et al., 2002; Benitez
et al. 2011). Onion flavonoids are widely recognized for their health benefits, which
include antioxidant, anti-inflammatory, antimicrobial and anticancer bioactivities and
their protective effects against different degenerative pathologies based on oxidative
stress, such as cardiovascular and neurological diseases (Ren et al., 2020). Onion peel
or onion peel extracts (either water or ethanol) have attracted increasingly more
attention during last years as a functional food ingredient, which was incorporated for
example into wheat bread (Piechowiak et al., 2020), gluten-free bread (Bedrniéek et
al., 2020) and meat patties (Chung et al., 2018; Bedrnicek et al., 2019; Kurt et al.,
2019) to promote health benefits or product shelf life.

Therefore, the aim of this study was to investigate the effects of incorporation of onion
peel powder (OPP) into a sausage prepared from separated fish meat on selected

chemical, technological and sensory properties.

2. MATERIAL AND METHODS

2.1 Raw material

Dry and soil-free middle layers of onion peels of yellow variety Hybelle were donated
by Czech grower of onion (VITAL Czech s.r.o., VSestary, Czech Republic). Onion
peels (water content approximately 12 %) were ground into a fine onion peel powder
(OPP) with particles equal or smaller than 250 um and stored at room temperature in
dark until further use. OPP was then subjected to analysis of basic chemical
composition, antioxidant activity, polyphenols and water holding capacity
determination.

Mechanically separated fish meat of common carp (Cyprinus caprio L.) was bought
frozen at -18 °C (several days old) from a local fish meat producer (FISH MARKET
a.s.). The separated meat was prepared from fish skeleton (including spine and ribs
without head) with adhered meat that remained after filleting. Eggs and pork belly
were bought fresh at local markets 1 day prior to the experiment and stored overnight
at 5 °C. Several hours before sausage preparation, pork fatback was put into a freezer

(-18 °C) to be frozen and easily chopped in a bowl cutter. Spices used for sausage
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production were purchased from GOLDEN WAY spol. s r. 0. Natural pork casing

(diameter 34 — 36 mm) was purchased from Herold feznické potieby s.r.o.

2.2 Preparation of fish sausages

Four treatments were performed to determine the effect of addition of OPP on
physicochemical and sensory properties of fish-pork sausages. Control group of
sausages was prepared according to this recipe (all percentages are w/w): mechanically
separated fish meat 49.2%, pork belly 32.8%, garlic 0.4%, salt 1.6%, black pepper
0.2%, caraway seeds 0.1%, marjoram 0.03%, chilli pepper 0.2%, paprika 0.5%, egg
2.7%, ice 12.3%. In experimental groups, all ingredients were replaced by 1, 2 and 3
% (w/w) of OPP. Fish and pork meat was chopped into small pieces and weighed
separately according to the recipe. Ingredients were then mixed in a bowl cutter in the
following order: firstly, pork belly and fish mechanically separated meat were slowly
minced with ice. Secondly, salt with spices was added and finally OPP was added at
the end of mixing. Total time of mixing of ingredients was approximately five minutes
and the temperature during this process did not exceed 8 °C. Sausage batter was then
stuffed into a natural pork casing. After this, raw sausages were left approximately for
one hour in the room to let proteins dissolve. Raw sausages were cooked in a water
bath for 1.5 hour at 80 °C (to reach internal temperature of 72 °C for 10 minutes) and
then smoked for one hour at 70 °C in a smoking chamber. All batches, after cooling
down to 5 °C, were then vacuum-packed and stored at 5 °C for 28 days. Cooking loss
was determined during processing. Antioxidant activity, total polyphenol content
(TPC), and basic composition chemical composition was measured 0" day of storage.
pH, thiobarbituric acid reactive substances (TBARS), CIE L*a*b* colour
measurement, microbiological and sensory analysis was assessed 0", 7", 14" and 28"

day of storage.

2.3 Cooking loss
Sausages were weighted before and after cooking after cooling down. The cooking

loss was calculated according to this formula:

Weight before cooking —Weight after cookin
g g§_"°8 £ x100

. On) =
COOkmg loss (/0) Weight before cooking

Cooking loss was calculated for each treatment in triplicate.
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2.4 Water holding capacity (WHC) of OPP

Water holding capacity of OPP was determined according to method described by
Benitez et al. (2017) with slight modification. Briefly, 1 g of OPP was shaken in a
laboratory shaker (180 rpm) in 10 ml of distilled water at room temperature for 24
hours in 15 ml centrifuge tube. The mixture was then centrifuged (2500 g for 30
minutes). The supernatant was transferred to graduated 10 ml cylinder, where the
volume was measured. Result was expressed as ml of H.O held by 1 g of OPP. The

analysis was conducted in triplicate.

2.5 Microbiological analysis

Prepared fish sausages (before heat treatment, and after heat treatment in storage days:
0, 7, 14, and 28) were aseptically sampled (10 g/sample), mixed with 0.1% peptone
(90mL) in a sterile plastic bag and homogenized for 1 min using an electric stomacher.
Serial 10-fold dilutions were prepared from each sample using 1 mL in 0.1% peptone
(9mL). The total viable counts (TVCs) was determined using the pour plate method
according to ISO 4833 (2003) and plates were incubated at 30 °C for 72 h. Horizontal
method was used for enumeration of psychrotrophic bacteria (ISO 6730, 2005), and
colonies were counted in a solid medium after incubation at 6.5 °C for 10 days. Results
were expressed as logarithm of colony forming units per gram of

sample (log CFU.gb).

2.6 Chemical analyses

2.6.1 Chemicals

All chemicals, namely Quercetin dihydrate (purity > 95%), quercetin-3,4’-O-
diglucoside (purity > 85%), quercetin-4’-O-glucoside (purity > 95%), gallic acid
(purity > 99%), sodium acetate (purity > 99%), acetic acid (purity > 99%), sodium
acetate (purity > 99%), sodium carbonate, ferric chloride, hydrochloric acid (HCI;
37%), 2,4,4-tris(2-pyridyl)-1,3,5-triazine (TPTZ, purity > 98%), 2,2-diphenyl-1-
picrylhydrazyl (DPPH), Trolox (purity > 97%), Trolox (purity > 97%), Folin-
Ciocalteau’s phenol reagent, thiobarbituric acid (purity > 98%), butylated
hydroxytoluene (BHT; purity > 99%), 1,1,3,3-tetraethoxypropane (TEP);
trichloroacetic acid (TCA; purity > 99%), ortho-phosphoric acid (PA; purity > 99%),
Formic acid (LC/MS grade purity 98-100%), acetonitrile and methanol LC/MS grade
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and ethanol for spectroscopy were purchased from Sigma-Aldrich (Prague, Czech
Republic).

2.6.2 Basic chemical composition of onion peel

Water content, ash, crude protein (CP), ether extract (EE), and non-soluble fibre
fractions were analysed in OPP. Moisture was determined by drying the sample at 105
°C in an oven to a constant weight, ash content by combustion at 550 °C for 16 hours
in a muffle furnace to obtain light grey ash (AOAC, 1991). Crude protein was
determined by Kjeldal method using Kjeltec system. The amount of nitrogen was
multiplied by factor of 6.25. Lipid content was determined using an ANKOM XT10
extractor (Ankom Technology, USA) with petroleum ether as a solvent. Neutral
detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL)
were analysed according to modified method of Van Soest et al. (1991) using ANKOM
A200 Fiber Analyzer (Ankom Technology, USA). Afterwards, cellulose,
hemicellulose and nitrogen-free extract content was calculated as follows:
Hemicellulose = NDF — ADF

Cellulose = ADF - ADL

Nitrogen-free extract = 100 — (% of water, ash, crude protein, NDF and ether extract)

All analyses of onion peels were assessed in triplicate.

2.6.3 Basic chemical composition of fortified fish sausages

Basic chemical composition of sausages (Table 1), namely water, fat, protein, collagen
and salt content, of sausages was measured using Fourier transformation near infra-
red spectroscopy (FT-NIR) instrumentation (FT-NIR Master™ N500; BUCHI,
Switzerland) according to manufacturer’s instructions. Approximately 50 g of sample
from each group was homogenised, put into a petri dish and analysed using the NIR
Master™, that scanned samples over an NIR range of 4000 — 10000 cm™ with a

resolution of 4 cm™. Three independent samples per each group were analysed.

Table 1. Chemical composition of fish sausages

OPP (%) Moisture Fat Protein Collagen Salt

Control 61.83+1.24 20.15+0.13 14.30+0.03 1.90+0.06 1.62+0.03
1 63.13£0.04 19.95+0.02 13.74+£0.03  1.53+0.04 1.51+0.01
2 60.43+£0.03  22.63+0.01 13.18+0.04 1.31+0.04 1.55+0.01
3 58.99+0.19 21.62+0.16  15.36+0.01  1.33+0.05 1.56+0.07

Results are expressed as mean =+ standard deviation (n = 3)
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2.6.4 pH measurement

pH of cooked sausages was measured using pH meter equipped with a spear-type
electrode (Spear-type electrode HC 124, Fisher Scientific, Czech Republic).
Approximately 25 g of homogenised sample was used to directly measure pH. Three

independent samples from each group were measured.

2.6.5 Antioxidant activity
Extraction of samples

0.2 g of homogenised sample was extracted in 9.8 ml of 90% methanol (v/v), shaken
in a laboratory shaker for 10 minutes and then centrifuged at 7000 RPM at 5 °C for 15
min. Collected supernatant was further used for DPPH and FRAP (Ferric Reducing
Antioxidant Power) analyses. Two independent samples from each treatment were
taken and each sample was extracted twice and analysed in (for DPPH and FRAP) in

duplicate (n = 8/group).
DPPH

A method for measuring antioxidant activity using DPPH as a reaction agent was
conducted according to Brand-Williams, Cuvelier & Berset (1995) with modifications.
Briefly, 100 pl of extract was added to 4 ml of DPPH solution in methanol (27.5
ug/ml). The reaction mixture was kept in the dark at room temperature for 2 hours.
Then the absorbance at 515 nm was measured against a blank Results are expressed as
Trolox equivalents (TE)/g FW (fresh weight).

FRAP

A slightly modified FRAP method of Dudonné, Vitrac, Coutiere, Woillez & Mérillon
(2009) was used. The FRAP reagent was prepared by the mixing of 100 ml of 300 mM
acetate buffer (pH 3.6) with 10 ml of 10 mM TPTZ in 40 mM HCI and 10 ml of 10
mM ferric chloride. To 4 ml of FRAP reagent, 0.1 ml of sample extract was added.
The mixture was kept at 37°C for 30 min. After this, the absorbance was measured at
593 nm with a spectrophotometer against the acetate buffer. Results are expressed as
TE/g FW.
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2.6.6 Total polyphenol content

5 g of lyophilised sample was extracted in 100 ml of 80% ethanol (v/v) under reflux
at 90 °C for 120 min. The TPC was determined by the method described by Lachman,
Hosnedl & Pivec (1998) with modifications. Briefly, the obtained extract was filtrated
and aliquot (1 ml) was transferred into a 50 ml volumetric flask. Then 10 ml of
deionized water, 2.5 ml of Folin-Ciocalteu reagent and 7.5 ml of 20% sodium
carbonate were added and properly mixed. Afterwards, the flask was filled with
deionized water up to the mark. The mixture was incubated at room temperature for
120 min, followed by the measurement of absorbance at 765 nm. Two independent
samples from each treatment were taken and each sample was analysed in duplicate (n

= 4). Results are expressed as gallic acid equivalents (GAE)/g FW.

2.6.7 HPLC-MS/MS quantification of main OPP flavonols

Extraction and HPLC-MS/MS quantification of main flavonol compounds (quercetin,
quercetin-4’-O-glucoside and quercetin-3,4’-O-diglucoside) presented in OPP was
assessed according to the method described by Bedrnicek et al. (2020). Briefly, 0.25 g
of OPP was mixed in 5 ml of methanol and extracted in an ultrasonic bath for 15 min
and occasionally shaken. The extract was centrifuged at 4000 rpm for 15 min and kept

at -18 °C until analysis.

5 ul of the supernatant was injected into the HPLC-MS/MS system. The analysis was
carried out on the HPLC Dionex UltiMate 3000 system coupled with Agilent 6420
triple-quad mass spectrometer (MS) equipped with electrospray ionisation source.
Phenomenex Kinetex C18 column with diameters of 150 x 2.1 mm, (particle size of
2.6 um), maintained at 35 °C, was used for the separation. Mobile phases consisted of
mobile phase A (5% acetonitrile and 0.5% formic acid) and B (100 acetonitrile).
During the separation, mobile phase B linearly increased from 15% to 70% within 20
min, then decreased back to 15%. The following step was column equilibration for 5
minutes prior to the next injection. Separated analytes were then introduced into the
MS operating in negative mode with following settings: 11 L/min of drying gas (N2),
nebulizer pressure of 35 psi, gas temperature 300 °C, capillary voltage -4kV and cell
acceleration voltage of 7 V. Optimised fragmentor voltages, collision energy voltages
and transitions were optimised for each compound (Table S1). Calibration curve was

prepared with 6 concentration levels in the range between 0.1 ul/ml to 25 pl/ml. The
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OPP was extracted twice and each extraction was analysed twice (n = 4). Results are

expressed as pug/g of FW.

2.6.8 TBARS analysis

Products of secondary lipid peroxidation (TBARS) were measured according to
method of Miller (1998). 1g of homogenised sample (three independent samples from
each group) was mixed with 0.2 ml of BHT (0.2 mg/ml in methanol) and 9.1 ml of
mixture of TCA/PA (10% TCA in 0.2M PA) using homogeniser T18 basic Ultra-
Turrax (IKA, Germany) and then filtrated. To 1.5 ml of filtrate, 1.5 ml of 0.02M TBA
was added. This mixture was then vortexed and heated at 85 °C for 35 min. After
heating, the mixture was pippeted on a 96-well plate and absorbance was measured at
550 nm on a spectrophotometer (Plate Reader AF 2200; Eppendorf AG, Germany).
Standard calibration curve was prepared using TEP and results were expressed as
micrograms of malondialdehyde (MDA) per gram of a sample. For this analysis, three

independent samples from each group were measured.

2.7 Colour measurement

CIE L*a*b* colour measurement was measured using a ColorEye XTH
Spectrophotometer (Gretag Macbeth, USA). Slices were chosen as a representative
part of sausages. Results are expressed in the L*a*b* scale. Results are presented as

mean of three independent samples.

2.8 Sensory analysis

The analysis was assessed by 9 trained panellists (5 men, 4 women, aged 25 — 70 years)
from the Faculty of Agriculture, University of South Bohemia in Ceské Bud&jovice,
who were familiar with sensory evaluation of meat products. Sausages were heated in
a water bath at 70 °C for 10 min prior to sensory analysis and were served warm. Each
panellist received approximately 15 g of each sample (randomly marked with a three-
digit number) on a plate at the same time. Appearance, odour, taste, texture and overall
acceptability was evaluated on a 100 mm unstructured abscissas (100 = like extremely;
0 = dislike extremely). Intensity of fishy odour was also assessed 28" day of storage
(100 = very intensive fishy odour; 0 = no fishy odour). Sensory analysis was conducted

in a room (temperature approx. 22 °C) equipped with tables for each panellist and
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daylight-type bulbs for balanced light. Water and bread were served as a taste
neutraliser which were consumed between judging of samples.

2.9 Statistical analysis

Data were analysed by the program Statistica CZ 12 (Statsoft CR) using a following
model with fixed effect of percentage of OPP, storage and interaction OPP x storage:

Yijk=p + OPPj + Sj + (OPPxS)k + sijk,

where: Yijx = dependent variables: pH, TBARS, CIE L*a*b*, sensory characteristics,
cooking loss; u=mean; OPP; = percentage of onion peel powder (i=4; 0, 1, 2 and 3%
of OPP); Sj = storage (j = 4; 0, 7, 14 and 28 days), &jj = residual error. Fisher’s LSD
test was used for group comparisons (post hoc test). Pearson’s correlation coefficient
was used to estimate the association between percentage of OPP addition and
antioxidant activity, TPC and also between CIE L*a*b* colour measurement and
sensory analysis results.

3. RESULTS AND DISCUSSION

3.1 Chemical composition of onion peel powder

Basic chemical composition, total polyphenol content, flavonols, antioxidant activity
and WHC of OPP is summarized in Table 2. Water accounts for 12.31+£0.04% of OPP
mass. Thus the remaining part (87.69%) is dry matter, which is mainly represented by
structural carbohydrates (fibre), where cellulose is dominant (27.77%), followed by
hemicelluloses (2.97%) and lignin (1.26+0.24%). Our finding is consistent with Choi
et al. (2015) who also found that cellulose is one of the main structural carbohydrates
present in onion peel. However, it is well known that onion peel contains high amounts
(up to 28%) of pectin (Jaime et al., 2002; Babbar et al., 2016), predominantly
composed of galacturonic acid, galactose, rhamnose and arabinose, which are
considered as a part of soluble fraction of fibre (Dhingra et al., 2012). Pectin should
be then included in the remaining part of dry matter (nitrogen-free extract) after
excluding crude protein, ether extract and ash. Composition of dietary fibre gives the
material specific properties that could be beneficial for consumers due to the health
reasons, but also for manufacturers of meat products, because, depending on the
composition, fibre has the ability to bind water, fat and to create gels in meat products
(Das et al., 2020).
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Crude protein, ether extract and ash content in OPP is 2.41+0.61%, 0.85+0.03% and
8.06+0.01% of FW, respectively. Benitez et al. (2011) reported similar values of crude
protein and ash. On the other hand, Negesse et al. (2009) measured much lower values

not only for crude protein and ash but even for NDF, ADF, lignin and ether extract.

Table 2. Basic chemical composition of onion peel powder

Compound (unit)

Concentration

Proximate chemical composition (%)

Water 12.31+0.04
Crude protein 2.41+£0.61
Ether extract 0.85+0.03
Ash 8.06+0.01
Fibre
NDF 32.00£0.11
ADF 29.03+0.03
ADL (Lignin) 1.26+£0.24
Cellulose (= ADF — ADL) 27.77
Hemicellulose (= NDF — ADF) 2.97
Nitrogen-free extract 44.37
Polyphenols (mg/g FW)
Quercetin 4.11+0.15
Quercetin-4’-0O-glucoside 3.40+0.08
Quercetin-3,4’-O-diglucoside 0.634+0.03
Total polyphenol content* 78.60+1.46
Antioxidant activity (mg TE/q)
DPPH 84.97+2.61
FRAP 91.47+2.81
Water holding capacity (ml/g) 4.20+0.10
pH of 1 % solution** 4.65+0.06

Results are expressed as mean + standard deviation based on fresh weight; TE: trolox
equivalent; NDF: neutral detergent fibre; ADF: acid detergent fibre; ADL.: acid
detergent lignin; DPPH: 2,2-diphenyl-1-picrylhydrazil; FRAP: ferric reducing
antioxidant power; FW: fresh weight; *Expressed as mg Galic acid equivalent/g

**pH of 1% solution of dissolved onion peel powder in deionised water

Main flavonols in OPP were also determined by LC-MS/MS together with
spectrophotometric determination of TPC. Content of quercetin, quercetin-4’-O-
glucoside, quercetin-3,4’-O-diglucoside is 4.11+0.15, 3.40+0.08 and 0.63+0.03 mg/g,
respectively. Quercetin is the most abundant flavonol in OPP which corresponds to
finding of Prokopov et al. (2018) who reported similar concentration of quercetin

which was 3.36 mg/g FW. With regard to quercetin-4’-O-glucoside, we found similar
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concentration as Suh et al. (1999), who also determined this compound in onion peel
as the second most dominant with concentration of 1.9 mg/g FW. Only small
concentration of quercetin-3,4’-O-diglucoside was found in OPP. It is foreseeable
result, because according to Takama and Hirota (2000) quercetin is mainly presented
in onion peel as aglycone due to the presence of glucosidases, that release quercetin
from the glycosidic bond. Other authors, however, found concentration of total
flavonols, represented mainly by quercetin and only to a smaller extent quercetin-4°-
O-glucoside, in onion peel in the range between 2.6 to 6.5% by weight (Slimestad et
al., 2007).

Concentration of total polyphenols in OPP is 78.60+1.46 mg GAE/g FW. This value
is comparable, but slightly higher, with Chung et al. (2018), who reported
concentration of total polyphenols 69.23+0.44 mg GAE/g DM.

Presence of flavonols in onion peel is tightly related to high antioxidant activity using
DPPH (84.97+2.61 mg TE/g FW) and FRAP method (91.47+2.81 mg TE/g FW).
According to Ly et al. (2005), quercetin is the most responsible compound for high
antioxidant activity of onion peel.

WHC of dietary fibre is an important technological feature that is important for
incorporation of fibre into a meat product recipe. WHC of OPP was found to be
4.20£0.10 ml/g (Table 2). This value seems to be very low compared to onion fibre
concentrates, that were analysed by Benitez et al. (2017). They could absorb much
more water (7.9 — 10.0 ml/g) than OPP. Also Metha et al. (2015) summarizes WHC of
wide range of plant fibres which is in the range of 2.8 ml/g for wheat bran to 35.4 ml/g
for sugar beet fibre. In addition, WHC of a fibre is related to its chemical structure,
pH, ionic strength and particle size. In regard to pH, 1 % solution of OPP in deionised
water has value 4.65+0.06, indicating its acidic nature, since pectin is an acidic
heteropolysaccharide with galacturonic acid (with partly nonmethylated carboxyl

groups), as a main structural component (Slavov et al., 2009).

Nevertheless, it is very hard to compare the content of various compounds in onion
peel with other authors, since different authors use different layers of onion peel that

are closer to or further from the surface of onion, and could differ, for example, in
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moisture content. According to Benitez et al. (2011) and Cheng et al. (2013) chemical
composition and compound proportions change from inner to outer layers of onion.
Another reason could be that the composition is affected by many factors, such as type
of cultivar, stage of maturation, environmental and agronomic conditions and storage
time (Choi et al., 2015).

3.2 Cooking loss

In general, weight loss of meat products during heat treatment could be lowered by
addition of plant fibre. According to Ktari et al. (2014), cooking method, type of
additives and type and amount of fat affects cooking loss. The influence of addition of
different amounts of OPP on cooking loss of fish sausages is given in Figure 1.
Cooking loss ranged from 10.5 to 21.7%. The lowest value was found paradoxically
in samples with no addition of OPP and highest in group with 3% of OPP. Thus, 3%
addition of OPP negatively affected this parameter (p < 0.05). Control samples did not
differ (p < 0.05) from samples with 1 and 2% of OPP.

Figure 1. Cooking loss of fish sausages with different percentage of onion peel

powder (OPP).
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ABBars, representing means (n = 3), with different letters differ
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This is very interesting and results indicate that 2% addition of OPP seems to be a
threshold and after further addition of OPP, cooking loss increases. There are several
explanations that could clarify this phenomenon. It could be explained by the

degradation of polysaccharides (especially pectin) in OPP during thermal treatment of
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fish sausages, which can lead to lowered water holding capacity of fibre. Other reason
could be the fibre presented in OPP can absorb water much faster than solubilized
proteins of meat, but it is not stable at elevated temperatures and it releases the water
during cooking and hence increasing cooking loss. It indicates that the bond between
water and fibre is not as strong as between meat protein matrix and water. According
to Feiner (2006), WHC is also influenced by pH, because drop of pH lowers the
amount of water held by meat. Thus, very low pH of group with 3% of OPP (Table 3)

could negatively affect the ability to hold water during cooking.

Unlike of many experiments that resulted in enhanced WHC and/or cooking loss of
meat products enriched with plant dietary fibre (e.g. Ham et al., 2017; Choi et al.,
2015), there have been published several papers that reported the addition of certain
types of plant dietary fibre can negatively influence cooking loss (Petersson et al.,
2014; Purohit et al., 2016; Henning et al. 2016; Kim et al., 2019). Similar results were
obtained by Chung et al. (2018), who incorporated 0.3 and 0.6% of onion skin powder
into Hanwoo Tteok-galbi (traditional Korean beef patties). Cooking loss was the same
or slightly higher compared to control samples. Contrary results, on the other hand,
were published by Kurt et al. (2019), who added 0, 1.5, 3 and 6% of onion skin powder
into cooked chicken meat patties. Cooking loss decreased as concentration of onion
skin powder increased. However, the later mentioned author used different recipe of
meat product and also they used different particle size of onion skin powder (500 pm
vs. < 250 um in our study), which could affect results, because, according to
Jongaroontaprangsee et al. (2007), particle size of plant dietary fibre powder could

alter water absorption.

3.3 Antioxidant activity and TPC of fish sausages

Various antioxidants from natural sources were used to increase antioxidant activity
of meat or meat products, e.g. rosemary extract (Linhartova et al., 2019) or red grape
pomace (Sayago-Ayerdi et al., 2009) in order to improve shelf life, organoleptic

properties or health benefits.

The addition of OPP into fish sausages had significantly positive effect (p<0.05) on
antioxidant activity (DPPH and FRAP) and TPC compared to control (Figure 2). As

the content of OPP increased, antioxidant activity and TPC raised. Thus, the lowest
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values were observed in control samples and highest in samples with 3% of OPP. This
Is supported by a very strong and statistically significant correlation (p<0.05), which
was found between percentage of OPP in fish sausages and DPPH (r = 0.993), FRAP
(r =0.991), and TPC (r = 0.993) values. It points out that OPP addition contributed
significantly on the improvement of antioxidant activity and higher TPC. The same
trend was already observed in our previous work (Bedrnicek et al., 2019) focused on

onion skin water extracts addition into pork patties.

Figure 2. Antioxidant activity (DPPH, FRAP) and total polyphenol content (TPC) of
fish sausages with different percentage of onion peel powder (OPP).
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Results show that OPP is a very rich source of antioxidants and even at very low
concentration (1%) it can significantly increase antioxidant activity of certain meat
products, especially due to the presence of considerable amounts of quercetin and its

derivatives (e.g. glucosides).
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3.4 Changes in physicochemical, microbiological and sensory properties of fish
sausages during storage

3.4.1 Physicochemical properties

Maintaining stability and superior quality of a meat product during storage period is
of utmost importance (Metha et al., 2015). According to Leistner and Gorris (1995),
pH is one of the most important factors influencing food preservation and safety.
Generally, a reduced pH value suppresses growth of bacteria, while strong growth is
seen in a pH range between 6.2 and 6.4 in different types of meat such as beef, chicken
and pork, however, optimal pH for bacteria growth is seen in a range of 6.1 to 6.7 for
fish meat (Feiner, 2006). It can be seen that OPP addition significantly (p < 0.05)
lowered pH of fortified fish sausages in a dose dependent manner compared to control
samples (Table 3). This reduction of pH in samples with OPP could be caused by the
acidic nature of OPP, as shown in Table 2 (pH of 1% solution of OPP is 4.65+0.06).
As mentioned earlier, onion peels contain high amounts of pectin, primarily composed
of galacturonic acid, giving it acidic nature. The same results were reported by Kurt et
al. (2019), who incorporated 1.5-6% of onion skin powder into patties. The higher the
concentration of onion skin powder, the lower pH was observed. On contrary, Chung
et al (2018) obtained different results. With increasing content of onion skin powder

pH of Hanwoo Tteok-galbi grew up.

Storage time also significantly (p < 0.05) affected pH of sausages. pH of all the
sausages continuously decreased during storage with highest value for control samples
(5.91+0.00) and lowest for samples with 3% of OPP (5.56+0.03). This decrease of pH
for all the samples might be due to spoilage lactic acid bacteria (O’Neill et al., 2018),
that have suitable environment for growth in vacuum packed meat products. Although,
significant (p < 0.05) interaction between percentage of OPP incorporation and storage
time was found, suggesting that OPP also contributed to this decrease over time.

Concentration of secondary lipid oxidation products (TBARS) were also determined
(Table 3). The addition of OPP significantly (p <0.05) lowered concentration of MDA.
Even 0" day of storage (after cooking), control samples showed signs of oxidation
(0.44+0.06 pg MDA/g), compared to sausages with OPP, where the oxidation was
suppressed (0.26+0.10 - 0.32+0.04 ug MDA/g). This oxidation is probably a result of

the exposure of fats that are prone to oxidation at high temperatures during cooking.
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Similarly, this phenomenon was described by Kurt et al. (2019) and by our previous
work (Bedrnicek et al. 2019).

Storage time also significantly (p < 0.05) affected TBARS values. During the 28-day
storage period, concentration of MDA in control samples grew up to values above 0.71
ug MDA/g, while in samples with OPP remained stably low and did not show any
increasing trend. Our results are consistent with Kurt et al. (2019), Chung et al. (2018)
and with Bedrnicek et al. (2019). In addition, strong significantly (p < 0.05) negative
correlation (r = -0.703) was found between % of OPP and MDA concentration in all
days of storage. All these facts indicate that the OPP is a promising additive for meat
products that is effective in suppression of fat oxidation in meat products, owing its

strong antioxidant properties to high amounts of quercetin.
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Table 3. Changes in pH, TBARS (thiobarbituric acid reactive substances) and colour
measurement values (L, a, b) of fish sausages with different percentage of onion peel

powder (OPP) during storage

Storage (days) P
OPP OPP
(%) 0 7 14 28 OPP  Storage X
Storage
pH
Control  6.29+0.02 631+0.01  6.1440.04  5.91+0.00
1 6.1440.02  6.1540.01  5.9540.01  5.65+0.02
2 5042001  5.9840.02  5.8040.05 5.58+002 0001 <0001 <0.001
3 58840.00 5.90+0.01  5.8440.04  5.56+0.03
TBARS (ug MDA/g FW)
Control  0.44+0.06 0.75:0.05  0.73%0.33  0.71+0.05
1 0.2640.10  0.30£0.01  0.1440.11  0.30+0.08
2 03240.04 038£0.10 031£0.10 0214005 0001 00464 0.0092
3 0.2840.02  0.28+0.07 0.2140.03  0.21%0.00
L value
Control  55.34+0.44 56.84+1.04 56.39+0.77 55.8240.57
1 48.76£0.69 51.714022 50.36£1.11 49.90+0.17
2 4838+095 48.604122 4834+033 4833:039 ~0-001 00002 0.1736
3 44.1840.59 46.0841.90 46.3540.16 46.15+0.12
a value
Control 16.9140.47 18.0940.47 18.8040.42 19.90+0.78
1 16784025 15.704025 15.4540.43 14.60+0.50
2 15724130 15494130 16.1140.75 16214169 0001 0.3339 <0.001
3 16584042 14.934042 14.504031 13.19+0.20
b value
Control  31.96+0.62 32.62+0.68 32.9042.03 33.4643.33
1 21.834041 26.6140.65 26.59+0.61 25.08+0.58
2 25.04+1.84 24394168 24.73£1.07 24.43:2.41 0001 06626 0.4891
3 2296:041 21.01£0.90 22.49+2.10 21.75+3.30

Results are expressed as a mean (n = 3) + standard deviation

FW: fresh weight

Variation in colour other than expected norm may be due to the physical characteristics
of meat, concentration and chemical state of pigments therein and presence of non-
meat ingredients (Das et al. 2020). Colour analysis, using the CIE L*a*b system, is
summarized in Table 3. OPP addition had significant effect (p < 0.05) on lightness of
fish sausages (L* value). Lightness of fish sausages proportionally decreased with
increasing percentage of OPP, except for the 0" day. The difference between samples
with 1 and 2% of OPP was small, however, sample with 3% of OPP had very dark
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colour. Lightness was affected also by storage time (p < 0.05). L* values of control
samples and samples with 1 and 2% of OPP changed with only small alterations, but
samples with 3 % were increasingly lighter over time. Also a* value (redness) was
affected by OPP (p < 0.05). Values at the 0" day slightly differed (between 15.72+1.30
and 16.91+0.47) but these differences among treatments were more obvious in later
days of storage, where these values were lower with higher addition of OPP. Again,
samples with 1 and 2% of OPP were very similar. It indicates, that OPP can cover the
typical red colour of a meat product. The same trend was also observed in case of b*
value (yellowness), which was also affected by the addition of OPP (p < 0.05). This
value was also much lower in samples with OPP. However, this is unexpected result
to some extent, because our presumption was that the incorporation of OPP could
increase b* value, because peels of yellow onion varieties contain quercetin (as
mentioned in chapter 3.1), which has yellow colour (Li et al., 2016). Neither redness
nor yellowness was affected by storage time (p > 0.05).

3.4.2 Microbiological analysis

The initial microbial loads in separated fish meat were 5.76+0.02 log CFU.g-1 for
TVCs and 5.52+0.02 log CFU.g-1 for psychrothrophic bacteria. These relatively high
amounts could probably influence the microbial levels in fish sausages before heat
treatment, which ranged from 5.29+0.04 log CFU.g-1 (3% OPP sample) to 6.03+0.04
log CFU.g-1 (1% OPP sample) for TVCs, and from 5.66+0.04 log CFU.g-1 (control
sample) to 7.02+0.03 log CFU.g-1 (3% OPP sample) for psychrothrophic bacteria
(Table S2). Except meat, microorganisms could also gain into sausage from other
ingredients like spices, and further from environment, equipment, and handlers during
processing (Sachindra et al., 2005). In our case, the addition of onion peel powder may
also have played a role in the initial contamination. On the other hand, similar
microbial levels were also found in the control sample. Heat treatment was effective
for most of the fish sausage samples examined. Microbial levels on 7th day of storage
ranged from 4.77+0.07 log CFU.g-1 (control sample) to an uncountable amount (3%
OPP sample) for TVCs, and from 6.30+£0.10 log CFU.g-1 (control sample) to an
uncountable amount (3% OPP sample) for psychrothrophic bacteria. These results
suggest the development of spore-forming microorganisms. According to Raju et al
(2003), fish sausages are considered as an ideal environment for spores and spoilage

microorganisms and heat treatment is not usually effective for all of them. In this
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context, it should also be taken into account that onion skins are in close contact with
the soil, which is known as a rich source of bacterial spores (Heyndrickx, 2011). On
14th day of storage, the lowest microbial counts were observed in the 2% OPP sample
for both indicator groups, TVC (5.39+0.03 log CFU.g-1) and psychrotrophic bacteria
(5.714£0.02 log CFU.g-1). On 28th day of storage, all examined samples were found

as uncountable.

3.4.3 Sensory analysis

Although the diet enhanced by antioxidants may have considerable health effects,
sensory properties should not be neglected. Sensory characteristics, particularly taste
and appearance, have a great impact on consumers’ preference. Results of analysis of
appearance, odour, taste, texture and overall acceptability are presented in Figure 3.
Intensity of fishy odour at 28" day of storage is depicted in Figure S1. The
incorporation of OPP significantly (p < 0.05) influenced all evaluated sensory

parameters.

It is evident that addition of more than 1% of OPP negatively influenced appearance
of fish sausage. The addition of OPP caused darker colour, compared to control (Table
3), which is not usual for meat products. This is supported by a strong correlation
coefficient (r = 0.762, p < 0.05), suggesting that the lighter the sausage is, the more
pleasant appearance it has. Together with this, there was also found a significant
correlation between appearance and redness (r = 0.662; p < 0.05). Even though there
were slight changes in appearance over time, they were not statistically significant (p
> 0.05).

The worst score in case of odour evaluation received control samples in all days. The
addition of OPP positively affected odour pleasantness. Also storage time significantly
affected (p < 0.05) odour. The pleasantness of odour of control samples continuously
decreased over time. This could be related to the presence of fishy odour. It is attributed
to compounds including alcohols, aldehydes, ketones, pyrazine, furan and
trimethylamine (Pan et al., 2018). Also lipid oxidation is associated with the
development of undesirable fishy odour in fish stored for an extended time (Sea-leaw
and Benjakul, 2014). As shown in Figure S1, after 28 days of storage, the most

intensive fishy odour was perceived in control group. This means that OPP could cover
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or inhibit the development of fishy odour. This shows an advantage of utilization of
OPP in fish sausages, since some consumers do not like fish products because of the
fishy smell (Leek et al., 2002; Vanhonacker et al., 2013). Intensity of fishy odour
strongly correlates (r = 0.999; p < 0.001) with concentration of MDA at 28" day of

storage.

Taste is also very important sensory parameter. Assessors evaluated samples with 1
and 2% of OPP as tastiest samples over the whole storage period. Control samples and
samples with 3% of OPP received similar values and did not statistically (p < 0.05)
differ from each other. Taste score of control samples decreased over time, however,

these changes were not significant (p > 0.05).

Sensory evaluation showed that the most pleasant texture had control samples and
samples with 1% of OPP. Samples with 2 and 3% of OPP were evaluated very
negatively. This study confirms with previous findings of Kurt et al. (2019). The
texture of cooked sausages is usually soft, however, OPP contains considerable
amounts of non-soluble fibre (Table 2), mainly represented by cellulose. According to
Metha et al. (2015), cellulose is responsible for mechanical strength of food. Harder
and less preferred texture is, unfortunately, a consequence of the incorporation of OPP.

Storage time had no significant effect on texture (p > 0.05).
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Figure 3. Changes in sensory characteristics of fish sausages with onion peel powder
during storage.
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In general, among all the samples, the sensory panel preferred those with 1 or 2% of
OPP. These samples received the highest score of overall acceptability. This is a
satisfactory result, since some consumers do not like the typical fish smell
(Vanhonacker et al., 2013), which could be still presented in control samples. On the
other hand, 3% of OPP addition is also below the acceptability treshold. Results of
sensory analysis demonstrate that only small amount (e.g. 1%) of OPP could enhance

palatability of sausages prepared from mechanically separated fish meat.
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4. CONCLUSION

Based on results, it is evident that OPP could extend shelf life of sausage prepared
from separated fish meat. Formation of MDA was supressed by the addition of OPP
and also overall acceptability was prolonged during storage. Unfortunately, OPP with
particle size < 250 um is not appropriate source of dietary fibre that could enhance
technological properties (such as WHC and cooking loss) of fish sausage which is
tightly related to the economical aspect of production. However, this problem could
be solved e.g. with reformulation of meat product recipe. Overall, results of this study
can be useful example of valorisation of fish processing by-product together with
onion processing by-product that could show a possible way to prevent the loss of

valuable nutrients and biologically active substances from the food chain.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Settings of Multiple Reaction Monitoring for quantification
of selected flavonoids.

Quantification Eraomentor Collision
Compound transition g(V) energy Polarity
(amu) (eV)
Q-3,4’-dgs 625 — 463 100 10 Negative
Q-4’-mgs 463 — 301 100 10 Negative
Quercetin 301 — 151 130 20 Negative

Q-3,4’-dgs: Quercetin-3,4’-O-diglucoside; Q-4’-mgs: Quercetin-4’-O-glucoside; Q:
Quercetin
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Supplementary Table 2. Total viable counts and counts of psychrotrophic bacteria in

fish sausages with different percentage of onion peel powder (OPP).

Before
heat After heat treatment
0 /PP treatment
(%) Storage (days)
0 7 14 28 OPP  storage
Total viable counts (log CFU/g)
Control 5.89+0.02 <1 4.77+0.07 6.90+0.02 N
1 6.03+0.04 3.06+0.15 6.36+£0.05 7.66+0.04 N
2 5.88+0.01 <1 7.31+0.08 5.39+0.03 N 0.024  <0.001
3 5.29+0.04 3.18+0.11 N 7.16£0.09 N
Psychrotrophic bacteria (log CFU/g)
Control 5.66+£0.04 <1 6.30+£0.10 8.48+0.16 N
1 5.70+0.04 <1 6.90+0.01 7.87+0.02 N
2 600£005 <l  7.36£005 571=002 N 0499 <0001
3 7.02+0.03 <1 N 7.14+0.15 N

N-uncountable, CFU- colony forming units; n = 2

Supplementary Figure 1. Intensity of fishy odour of fish sausages with different

percentage of onion peel powder (OPP) evaluated at 28" day of storage.
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6 ZAVER

Tato prace se zabyvala fortifikaci béznych potravin surovinami rostlinného
puvodu bohatymi na polyfenolické antioxidanty. Z dosavadnich poznatki 1ze vyvodit

tyto zavéry:

e Fortifikace vSech vybranych potravin surovinami bohatymi na antioxidanty
vedla ke zvySeni antioxidacni aktivity.

e (Cibulové slupky i rozmarynovy extrakt dokazaly prodlouzit trvanlivost
masnych vyrobki.

e ZvySena antioxida¢ni aktivita fortifikovanych vzorkt potravin omezila
oxidaci lipidi u masnych vyrobkid, v pfipadé mouky ze slupek cibule byl
uéinny jiz 1% ptidavek.

e Vyuzivani vodnych vyluht z cibulovych slupek jakozto zdroje polyfenolt
se ukazalo byt pomérné neefektivni, protoze takto pfipravené vyluhy mély
oproti slupkové mouce vice nez 20x mensi antioxidacni aktivitu.

e Tepelné opracovani vyrobkil ve vétsing ptipadii vyrazné snizilo antioxidacni
aktivitu, coz doklada rozpad polyfenolickych latek béhem zpracovani.

e U obohacenych bezlepkovych chlebii bylo prokdzano, Ze dochazi
k tepelnému rozkladu glykosidtt kvercetinu i jeho dimert a trimeru,
kvercetin samotny je vSak dostate¢né tepelné stabilni a zlistava i v hotovém
upeceném vyrobku.

e Rozklad dimerti a trimeru kvercetinu zpiasobilo uvolnéni kvercetinu
(aglykonu) a zvySeni jeho koncentrace, s¢imz souviselo i zvySeni
antioxida¢ni aktivity v pe¢eném chlebu s cibulovymi slupkami oproti téstu.

e Pokud je kvercetin vazany jako dimer ¢i trimer, ma mensi antioxida¢ni
aktivitu.

e  Vyluhy z cibulovych slupek nemaji vyrazny vliv na senzorické vlastnosti
masného vyrobku.

e Mouka z cibulovych slupek v masnych vyrobcich v ptidavku vétsim nez
2 % negativné ovlivnila senzorické vlastnosti, zejména texturu.

e Cibulové slupky ovlivnily negativné texturu i u bezlepkového chleba, ktery
byl vyrazné tvrdsi neZ ostatni vzorky chlebt.

e Vyluhy z cibulovych slupek neni mozné pouzit jako pfirodni barvivo pro
masné vyrobky.

e Do budoucna je tfeba zaméfit se podrobné&ji na mikrobiologickou kvalitu
cibulovych slupek, vzhledem ktomu, ze masné vyrobky se tepelné
opracovavaji pii nizsi teploté nez pekaiské vyrobky, a tak mohou slupky do
urcité miry pro masné vyrobky piedstavovat vétsi riziko kontaminace.
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7 SOUHRN

Béhem skladovani probihaji v potravindch oxidacni procesy, které negativné
ovliviuji jejich zdravotni nezadvadnost a senzorické vlastnosti. Pro zamezeni téchto
nezadoucich procesi mohou byt do potravin pfidavany pfirodni polyfenolické
antioxidanty. Cilem této prace bylo studium vlivu ptidavku surovin bohatych na
polyfenolické antioxidanty na chemické a senzorické vlastnosti bézné
konzumovanych potravin. Jako zdroj polyfenoli byly vybrany vedlejsi produkty
vznikajici pii zpracovani cibule kuchynské (Allium cepa L.) a extrakt z rozmarynu
I€katrského (Rosmarinus officinalis L.). Konkrétné se jednalo o cibulové slupky

a rozmarynovy extrakt Inolens 4.

Ptidavek surovin obsahujici polyfenolické latky vzdy zvysil antioxidaéni
aktivitu obohacenych potravin a v pfipadé¢ masnych vyrobkii zabranil oxidaci lipidu.
V nékterych piipadech vSak byly negativné ovlivnény nekteré senzorické vlastnosti
(textura). Tykalo se to hlavné piidavku mletych cibulovych slupek. Na druhou stranu
senzorické hodnoceni ukazalo, Ze ptidavek mletych cibulovych slupek dokazal Gi¢inné
pfekryt nebo zabranit vzniku nepiijemného rybiho pachu, ktery vznika pfti
dlouhodobém skladovani. Tento jev doposud nebyl popsan. Pomoci HPLC-MS/MS
analyzy bylo zjisténo, Ze se v cibulovych slupkach vyskytuji latky, které doposud
nebyly v jinych rostlinach detekovany. Jde o 4 druhy dimeru kvercetinu a jeden trimer.
Navic bylo zjisténo, ze béhem tepelného opracovani obohacené potraviny dochazi

k jejich rozkladu, coZ doposud ve védecké literatuie popsano nebylo.

Po shrnuti vSech vysledkli lze konstatovat, Ze pfirodni polyfenoly maji

potencial zabranit zhorSeni kvality potravin v disledku jejich skladovani.
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8 SUMMARY

Oxidation reactions, that can negatively affect safety and sensory properties,
take place during food storage. To inhibit such an unwanted process, natural
polyphenolic antioxidants can be added to food. The aim of this thesis was to study
the effects of the addition of polyphenol rich plant materials on chemical and sensory
properties of commonly consumed food products. Two types of polyphenol rich plant
material were chosen: onion (Allium cepa L.) peel, which is processing by-product and

rosemary (Rosmarinus officinalis L.) extract Inolens 4.

The addition of polyphenol rich material (both, onion peel and rosemary
extract) increased antioxidant activity of food and also delayed lipid oxidation in meat
products. Unfortunately, in some cases the addition caused deterioration of sensory
properties leading to poor consumers’ acceptance. This was observed mainly after the
addtition of onion peel powder in higher amounts. The addtition negatively affected
hardness of texture. On the other hand, onion peel powder can effectively cover or
reduce formation of unpleasant fishy odour, that is typical for fish products stored for
long period of time. Additionally, several coumpounds occurring only in onion peel
were identified (4 types of quercetin dimer and 1 type of trimer) and their stability
during thermal treatment of fortified food was elucidated. This was first study that

described this phenomenon.

Overall, it can be concluded that plant polyphenols have the potential to extend

shelf life of food products.
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