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Streszczenie
Wplyw sposobu pakowania i okresu przechowywania
na wybrane cechy jakosci migsa strusi, procesy oksydacyjne oraz na potencjal trawienia
in vitro

Dysertacja doktorska obejmuje 4 publikacje, a jej celem bylo okreslenie wplywu sposobu
pakowania (vacuum i 2 warianty MAP) i1 okresu przechowywania (do 16 dni) na cechy
fizykochemiczne, warto§¢ odzywcza, aktywnos¢ enzymow antyoksydacyjnych, procesy
oksydacyjne migsa strusi oraz na potencjat trawienia in vitro. Wykazano, ze rodzaj pakowania
1 czas przechowywania istotnie wplywaja na profil kwasoéw thuszczowych, gtéwnie WNKT tj. n-3:
C18:3, EPA 1 DHA (najmniejsze zmiany w migsie pakowanym prdézniowo), cechy
fizykochemiczne, jako$¢ mikrobiologiczng, poziom oksydacji migsa strusi, jak i po trawieniu
in vitro. Istotnie najwigkszy wyciek naturalny stwierdzono w migsie pakowanym w vacuum.
Najnizsza og6lng liczbe drobnoustrojow stwierdzono w vacuum, a nastgpnie w MAP1 i MAP2.
Poziom aktywnos$ci enzymatycznej SOD, GPx i GR w migsie zmniejszyt si¢ gtdéwnie po 12 dniu
przechowywania w 3 systemach pakowania. Pakowanie mig¢sa strusi w MAP1 1 MAP2 powodowato
W surowym i po trawieniu in vitro wzrost poziomu MDA, 4HNE, heksanalu i PCC podczas
przechowywania, a wartosci tych parametrow w vacuum byty na zblizonym poziomie.

Stowa kluczowe: migso strusie, pakowanie, przechowywanie, procesy oksydacyjne, wartosé¢
odzywcza, trawienie in vitro

Summary

The effect of the packaging method and shelf life on chosen quality characteristics, oxidative
processes of ostrich meat and in vitro digestibility potential

The doctoral thesis consists of 4 peer-reviewed papers. The aim of the study was to assess
the influence of packaging methods (vacuum and 2 options of MAP) and storage time (up to 16
days) on the physico-chemical properties, nutritional value, activity of antioxidant enzymes and
oxidative processes of ostrich meat and on in vitro digestibility potential. Type of packaging system
and storage duration, had a significant effect on fatty acid profile PUFA’s i.e., n-3: C18:3, EPA,
DHA (the lowest changes were noted in vacuum), physicochemical characteristics, microbiological
quality, oxidation level of ostrich meat and after in vitro digestion. The highest drip loss
was observed in vacuum. The lowest total viable count of bacteria load was identified in vacuum
followed by MAP1 and MAP2. The SOD, GPx and GR enzymes level activity in meat decreased
after 12 days in 3 packaging systems. In raw ostrich meat and after in vitro digestion, an increase
in level of MDA, 4HNE, hexanal, PCC was caused during storage time in MAP1 and MAP2,
whereas the values for these parameters in vacuum were maintained at a similar level.

Keywords: ostrich meat, packaging, storage time, oxidative processes, nutritive value, in vitro
digestion
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1. Wstep i uzasadnienie podjecia tematu pracy doktorskiej

W ostatnich latach zaobserwowano w $§wiecie wzrost zainteresowania mig¢sem strusi
[Al-Kalifa i Al-Nasre, 2014; Horbanczuk i Wierzbicka, 2016]. Swiatowy rynek strusiego migsa
zyskuje na popularno$ci wraz z rosnacg §wiadomoscig konsumentow, ktorzy poszukujg nowej
alternatywy dla tradycyjnego czerwonego migsa [Cooper i wsp., 1999; Kawka i wsp., 2012;
Potawska i wsp., 2014, 2016; Naveena i Kiran, 2014]. W Europie to wtasnie Polska jest jednym
z lideréw w produkcji tego migsa z eksportem na poziomie ok. 500 ton rocznie, a przychody ze
sprzedazy i eksportu tego surowca sg obecnie u nas wyzsze anizeli ze sprzedazy jagnigciny.

Wazrost zainteresowania migsem strusim wigze si¢ m.in. z faktem, iz jest to produkt
odznaczajacy si¢ wysokimi walorami dietetycznymi 1 odzywczymi [Sales, 1994, Sales i wsp.,
1998; Horbanczuk i Wierzbicka, 2017]. Migso to charakteryzuje si¢ niskg zawartoscia thuszczu
(ponizej 2 mg/100g) 1 nizsza kaloryczno$cig w poréwnaniu z wotowing oraz wysokim udziatem
wielonienasyconych kwaséw thuszczowych [Paleari 1 wsp., 1998; Sales i wsp., 1998; Girolami
1 wsp., 2003; Zdanowska-Sasiadek 1 wsp., 2018], wyzszym niz mi¢so kurczat brojlerow czy
wolowina. Stosunek nasyconych kwasow tluszczowych do jednonienasyconych
i wielonienasyconych kwasow ttuszczowych (WNKT) wynosi w migsie strusi jak 1:1:1, co jest
bardzo korzystne z zywieniowego punktu widzenia [Hoffman i1 wsp., 2005; Antunes 1 wsp.,
2018]. Poziom cholesterolu w migsie strusim jest nizszy w poréwnaniu z wotowing oraz
migsem drobiowym [Karklina i Kivite, 2007; Petracci 1 Cavani, 2012]. Migso strusi odznacza
si¢ wysokim pH (ok. 6), wyzszym w poroOwnaniu z wolowing czy wieprzowing,
ciemnoczerwong barwa [Sales, 1996, 1998; Sales 1 Mellet, 1996; Hoffman i wsp., 2007, 2022]
1 bardzo wysokg zawartos$cig zelaza, szczegolnie w poroOwnaniu z migsem kurczat brojlerow, a
takze wotowing. Dodatkowo jest bogate w selen, witaminy z grupy B, biologiczne czynne
peptydy takie jak anseryna [Majewska 1 wsp., 2009; Horbanczuk i Wierzbicka, 2016].

Stosunkowo wysokie pH oraz wysoka zawarto$¢ sktadnikow odzywcezych np. WNKT i
zelaza wptywaja niekorzystnie na mig¢so podczas przechowywania powodujac, ze migso strusie
jest podatne na procesy oksydacyjne [Sales i wsp., 1997; Hoffman i1 wsp., 2007, 2008, 2014;
Filgueras 1 wsp., 2010, 2011a, b, 2014; Leygonie i wsp., 2011a, 2011b, 2020; J6zwik i wsp.,
2013, 2015; Brenesselova i wsp., 2014]. Zmiany oksydacyjne kwasoéw ttuszczowych prowadza
do przeksztalcania si¢ wodorotlenkéw w krotkotancuchowe aldehydy, ketony oraz inne
produkty utleniania lipidéw, ktére sa odpowiedzialne za procesy psucia si¢ zywnosci podczas
przechowywania [Rennere i wsp., 1996]. Utlenianie lipidéw jest waznym czynnikiem

wplywajacym na trwato$¢ migsa podczas przechowywania [Dal Bosco 1 wsp., 2018]. Procesy
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utleniania mi¢sa majg zwigzek z degradacja zelaza i uwalnianiem pierscienia porfirynowego,
co powoduje przeksztatcanie si¢ zelaza hemowego w gorzej przyswajalne zelazo nichemowe
[Lombardi-Boccia i wsp., 2002; Esteves 1 wsp., 2005; Ramos 1 wsp., 2009; Nair i wsp., 2014].

Utlenianie lipidow wzrasta w okresie przetwarzania i przechowywania migsa
powodujac przebarwienia, utrat¢ wody, powstawanie nieprzyjemnego aromatu i wady jego
tekstury [Richards i wsp., 2002; Thomas i wsp. 2004], wplywajac negatywnie na dtugosé
terminu przydatnosci do spozycia migsa. Intensywna czerwona barwa $wiezego mi¢sa moze
by¢ czynnikiem zachecajacym do zakupu, lecz ewentualne zmiany wynikajace z procesow
oksydacyjnych wptywaja negatywnie na jego akceptacje konsumencka. Po dojrzewaniu migsa
nastgpuje druga faza, w ktérej dochodzi do degradacji bialek z nagromadzeniem
niskoczasteczkowych zwigzkow azotowych oraz nieznacznego wzrostu pH [Korénekova i
wsp., 2014]. Utlenienie bialek odpowiedzialne jest za wiele zmian biologicznych, w tym
fragmentacji i agregacji, obnizenia strawnosci biatek, obnizenia biodostgpnosci aminokwasoéw
[Sante-Lhoutellier i wsp., 2008; Naveena i wsp., 2015; Moczkowska i wsp., 2017a, 2017b; Hu
1 wsp., 2018]. Aktywne formy tlenu atakuja boczny lancuch aminokwasowy, moga
przeksztatca¢ go w pochodne zwigzkéw karbonylowych [Filgueras 1 wsp., 2012]. Wysokie pH
koncowe powoduje ciemng barwe migsa, wysoka wodochtonno$¢ oraz skraca termin
przydatnosci do spozycia migsa [Botha 1 wsp., 2006, 2007; Capita 1 wsp., 2006; Binsi 1 wsp.,
2015]. Produkty utleniania powstajace podczas okresu przechowywania, jak rowniez w czasie
procesu trawienia migsa niekorzystnie wptywaja na stan zdrowia konsumentow. Mozna je
analizowac w oparciu o metod¢ trawienia migsa in vitro, ktora symuluje fizjologiczne warunki
trawienia in vivo 1 jest przydatna do badan stuzacych okre$leniu poziomu biodostgpnosci
zwigzkow odzywcezych 1 absorpcji antyodzywczych [Bornhorst i Singh, 2014; Van Hecke 1
wsp., 2014, 2015, 2017b, 2019; Lucas-Gonzalez i wsp., 2018; Nieva-Echevarria i wsp., 2018;
Li i wsp., 2020].

Jednym z rozwigzan majacych na celu zachowanie wysokiej jakosci m.in. wartosci
odzywczych migsa strusi moze by¢ zastosowanie odpowiedniego rodzaju opakowania, ktore
chronitoby je przed niekorzystnymi zmianami zachodzacymi podczas przechowywania m.in.
pakowanie prézniowe (vacuum) oraz z wykorzystaniem modyfikowanej atmosfery gazéow
(MAP) - [Zakrys-Waliwander 1 wsp., 2011, 2012; Lopacka 1 wsp., 2015, 2017; Sakowska 1
wsp., 2016; Wyrwisz 1 wsp., 2016]. Pakowanie prdézniowe zapewnia warunki beztlenowe
wewnatrz opakowania, moze powodowa¢ wydtuzenie okresu przydatno$ci do spozycia i
zapewnia stabilng barwe. MAP wydtuza okres trwalo$ci w warunkach pakowania z udziatem

tlenu 1 moze wptywac na atrakcyjniejszg jasnoczerwong barwe dzieki utlenowaniu mioglobiny
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[Martinez i wsp., 2005; Veberg i wsp., 2006; Balamatsia i wsp., 2007, Gonzalez-Montalvo i
wsp., 2007; Ntzimani i wsp., 2008; Kim i wsp., 2010; Lagerstedt i wsp., 2011; Danijela i wsp.,
2013]. Jednak do tej pory badania dotyczace jakosci migsa strusiego, obejmujgce rodzaj
opakowania, przechowywania 1 dlugosci okresu przydatnosci do spozycia sg nadal
ograniczone. Wcigz mato jest danych w tym zakresie, a problem dotyczacy doboru rodzaju
opakowania dla tego surowca podczas przechowywania jest szczegolnie istotny w odniesieniu
do sktadnikéw bioaktywnych 1 odzywczych np. kwasow thuszczowych, szczegolnie WNKT,
utleniania lipidow 1 biatek czy bezpieczenstwa mikrobiologicznego [Vazquez 1 wsp., 2004;
Hoffman i wsp., 2014, 2022; Horbanczuk i Wierzbicka, 2018; Leygonie i wsp., 2020].

Wydluzenie terminu przydatnosci do spozycia tego migsa oraz ochrona sktadnikéw
odzywczych, a takze aspekt bezpieczenstwa zywnosci 1 przydatnos$¢ technologiczna migsa sg
waznym elementem dla dalszego rozwoju tej nowej galezi przemyshu migsnego, gdyz w
szerszej perspektywie moze to przyczyni¢ si¢ m.in. do ograniczania strat podczas produkciji i
obrotu tym mi¢sem. Zapobieganie stratom migsa poprzez wydtuzenie okresu shelf-life (okres
trwato$ci wynikajacy z zastosowania odpowiedniego opakowania) tylko o 1-2 dni daje w USA
oszczednos$ci rzedu ca. 1 mld USD rocznie [Lopacka i Lipinska, 2015]. Rynek krajowy posiada
produkt wysokiej jakosSci, ktory powinien by¢ konkurencyjny z ogélnie dostgpnym w Europie
migsem strusi z RPA. Oczekiwany jest wzrost konkurencyjnosci krajowego sektora strusiego
w Europie i w $wiecie. Wysoka warto$¢ odzywcza i1 technologiczna migsa strusi przy zatozeniu
wydtuzenia okresu jego przechowywania do spozycia jest wazna takze z punktu widzenia
zdrowia cztowieka. Jest to istotny aspekt przy rosngcym zainteresowaniu migsem strusi i ma
duze znaczenie dla potencjalnych konsumentow. Jednakze aktualna wiedza w tym zakresie jest
nadal ograniczona, szczegdlnie w poréwnaniu do danych dotyczacych wolowiny czy migsa
kurczat brojlerow. Dlatego podjecie si¢ badan w tym zakresie ma takze duze znaczenie zar6wno
z punktu widzenia przemystu, producentow, jak réwniez i konsumentow.

W przedstawionej pracy skoncentrowano si¢ na okresleniu wptywu sposobu pakowania
1 okresu przechowywania na wybrane cechy jako$ci migsa strusi, procesy oksydacyjne oraz na
potencjat trawienia in vitro. Nalezy podkresli¢, ze realizowana tematyka badan $cisle wpisuje
si¢ w zalozenia strategicznych 1 priorytetowych obszarow badawczych Programu Ramowego
Unii Europejskiej Horyzont 2020 i Horyzont Europa oraz Krajowego Programu Badan MEIN
i Krajowych Inteligentnych Specjalizacji w obszarze Zywno$¢ Wysokiej Jakosci oraz obecnie
w Europejska Strategie Zielonego Ladu, unijng Strategie Farm 2 Fork obejmujacych jakos¢
zycia ludzi z uwzglednieniem aspektow bezpieczenstwa zywnosci oraz wysokiej jakosci

zywno$ci majacej korzystne oddziatywanie na zdrowie cztowieka.
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2. Celi zakres pracy doktorskiej

Celem pracy bylto okreslenie zmian obejmujgcych cechy fizykochemiczne, wartos¢
odzywcza 1 procesy oksydacyjne migsa strusi zaleznie od sposobu pakowania (vacuum
oraz 2 warianty pakowania z modyfikowang atmosfera (MAP) i okresu przechowywania.
Okreslenie zmian oksydacyjnych lipidow i biatlek w migsie strusi prowadzono takze w oparciu
0o metode¢ trawienia in vitro, bowiem procesowi temu towarzyszy roéwniez powstawanie
zwiazkow prowadzacych do zmian metabolicznych niekorzystnie wptywajacych na zdrowie

cztowieka.

Zakres pracy obejmowatl nastepujace etapy:

Etap I. Obejmowat okreslenie zmian sktadu kwasow ttuszczowych w migsie strusi w zaleznosci

od rodzaju opakowania i okresu przechowywania oraz podstawowy sktad tego migsa.

Publikacja I:
Horbanczuk O.K., Moczkowska M., Marchewka J., Atanasov A.G., Kurek M.A., 2019.

The Composition of Fatty Acids in Ostrich Meat Influenced by the Type of Packaging
and Refrigerated Storage. Molecules, 24 (22), 4128. IF = 4,41

Etap II. Dotyczyt charakterystyki cech fizycznych i jako$ci mikrobiologicznej migsa strusia

w zaleznosci od rodzaju opakowania i czasu przechowywania.

Publikacja II:
Horbanczuk O.K., Jozwik A., Wyrwisz J., Marchewka A., Wierzbicka A., 2021.

Physical Characteristics and Microbial Quality of Ostrich Meat in Relation to the Type
of Packaging and Refrigerator Storage Time. Molecules 26 (11):3445. [F=4,41

Etap III. Analizowano aktywno$¢ wybranych enzymoéw antyoksydacyjnych w migsie strusia

w zaleznosci od rodzaju pakowania i1 okresu przechowywania.

Publikacja I1I:
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Horbanczuk O.K., Jozwik A., Wyrwisz J., Marchewka A., Atanasov A.G., Wierzbicka A.,
2021. The Activity of Chosen Antioxidant Enzymes in Ostrich Meat in Relation to the Type
of Packaging and Storage Time in Refrigeration. Biomolecules 11(9):1338, IF = 4,88

Etap IV. Obejmowat ocen¢ zmian oksydacyjnych lipidéw i bialek w surowym migsie strusi,
jak 1 po trawieniu in vitro przechowywanym przez 16 dni we wspomnianych 3 wariantach

pakowania tj. vacuum oraz modyfikowana atmosfera (MAP) w dwdch kombinacjach gazéw.

Publikacja IV:
Horbanczuk O.K., Wyrwisz J., Marchewka J., Lawinski M., Jozwik A., 2021. Lipid and protein

oxidation in ostrich meat under various packaging types during refrigerated storage

and in vitro gastrointestinal digestion. Animal Science Papers and Reports 39, 3, 251-259,

IF=1,07
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3. Hipotezy badawcze

HI1. Migso strusie odznaczajace si¢ duzg zawartoscig sktadnikoéw odzywczych (m.in.
WNKT) oraz wysokim pH jest podatne na procesy oksydacyjne i obnizenie jakos$ci
podczas przechowywania.

H2. Sposéb pakowania spowalnia niekorzystne zmiany oksydacyjne zachodzace w migsie
strusi w czasie przechowywania, ktore wplywaja na jego cechy jakosciowe m.in.
wartos¢ odzywczg, co zostanie zweryfikowane rowniez za pomocg metody trawienia

in vitro.
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4.

Material i metodyka
4.1. Material badawczy

Material badawczy stanowito migso strusie pochodzace od ptakéw utrzymywanych

na fermach krajowych. Strusie w wieku 11-12 miesi¢cy, o masie ok. 90-95 kg byty ubijane

w zatwierdzonych rzezniach speklniajagcych wymogi UE. Po uboju, rozbiorze tuszy

1 podziale na elementy zostaly pobrane miesnie (Musculus ilifibularis), ktére podzielono na

masie proby ok. 150 g i zapakowane w systemie:

a)

b)

vacuum (pakowanie prdézniowe), Opakowanie prozniowe. Kazda probka migsa
(bezposrednio po porcjowaniu) zostala indywidualnie zapakowana
w poliamidowe/polietylenowe (PA/PE) worki (grubos¢: 90um; wymiary 20/70 mm;
przepuszczalnoéé Oz: 50 cm®/m?/24 h; przepuszczalno$é COs; przepuszczalnoéé pary
wodnej: 6-8 g/m?/24 h) przy uzyciu prézniowej maszyny pakujacej Vac-20SL2A
(Edesa Hostelera S.A., Barcelona, Hiszpania) Podci$nienie w opakowaniu wynosito
2,5 kPa.
pakowanie z modyfikowang atmosfera (MAP) w dwdch wariantach mieszanki gazéw,
odpowiednio:

—  MAPI: 40% 0O,/40% CO,/20% N,

- MAP2: 60% O,/30% CO,/10% N,.

Probki migsa zostaly umieszczone na tackach (wymiary 187 x 137 x 50 mm)
wykonanych z politereftalanu etylenu/polietylenu (PET/PE), zamkniete folig bedaca
laminatem politereftalanu etylenu o grubosci 44 um z polipropylenem + antifog
(PET/CPP + AF) o maksymalnej przepuszczalnosci tlenu nieprzekraczajacej
10 cm®/m?/24 h/bar (EC04, Corenso, Helsinki, Finlandia). Probki zapakowano za
pomoca maszyny pakujacej M3 (Sealpack, Oldenburg, Niemcy).

Proby przechowywanego w temperaturze 2 + 1°C przez 16 dni z uwzglednieniem

przeprowadzenia analiz w dniach 70, 4, 8, 12, 16 (8 probek w kazdej grupie). Schemat

doswiadczenia przedstawiono na rysunku 1, a badania sktadaty si¢ z 3 etapow, co zostato

przedstawione na rysunku 2.
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Vacuum

\

Czas przechowywania

D4 D8 D12 D16

DO - préba bez przechowywania
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MAP 1%

FMAP 1: 02:COxNy - 40:40:20 %

/

MAP 2%

*MAP 2: 0,:C0,:N; — 60:30:10 %

Okres proechowywania w temp. 2 = 1°C

Rysunek 1. Schemat do§wiadczenia obejmujacego badania w oparciu o mig¢so strusie.

Etap I Etap II Etap III
+ sklad podstawowy = stopiefi utlenienia + badania miesa z
frakeji lipidowe) zastosowaniem

- pH o
123 . o trawienia in vitro
+ stopien utlenienia

- - " * =
Barwa (L*, a*, b%) frakeji biatkowej

+  wyciek naturalny - aktywnosé enzymaw

+  wyciek cieplny antyoksydacyjaych

- WBSF ) .
+  pOZiom zmiatania
+  badania wolnych rodnikéw
mikrobiologiczne DPPH
« profil kwasow
tluszczowych

Rysunek 2. Schemat i zakres przeprowadzonych badan w pracy.

4.2. Metodyka badawcza
4.2.1. Sklad podstawowy

Badania zawartosci procentowej biatka, tluszczu, wody 1 popiotu przeprowadzono z
wykorzystaniem spektrometru bliskiej podczerwieni NIRFlex N-500 (BUCHI Labortechnik
AG, Flawil, Szwajcaria). Pomiar wykonano w zakresie dlugosci fal 780-2500 nm, w trybie
reflaktacji. Metoda pomiaru polegata na detekcji w bliskiej podczerwieni odbitych promieni od
probki 1 odniesieniu uzyskanych wynikéw do wartosci referencyjnych zapisanych w modelu
kalibracyjnym (metoda pomiarowa jest znormalizowang 1 akredytowang metoda oznaczen
sktadu migsa, nr akredytacji: AB1398). Probki zostaly przed analiza zhomogenizowane,
nastepnie rozprowadzono 0,5 cm warstwe probki rownomiernie na szklanych szalkach Petriego
1 umieszczono w module pomiarowym NIRFlex Solids. Kazdg probke przeskanowano

szes$ciokrotnie, a uzyskane wartosci usredniono.
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4.2.2. Analiza kwasow thuszczowych

Kwasy tluszczowe wyekstrahowano z homogenizowanych prébek (5 g) migsni za
pomocg mieszaniny chloroform-metanol (2:1 v/v). Thuszcz z migsa (thuszcz srodmiesniowy)
wyizolowano metoda Folcha [1957] w celu oznaczenia sktadu kwasow tluszczowych Estry
metylowe kwasow tluszczowych (FAME) analizowano za pomocg chromatografu gazowego
GC-7890 AGILENT wyposazonego w 60 m kolumng kapilarng o $rednicy wewngtrznej 0,25
mm i grubos$ci filmu 0,20 pm. Probke 1 pl wstrzyknigto w stosunku podziatu 1:40. Jako gaz
no$ny zastosowano hel o natezeniu przeplywu 50 ml-min™!. Poszczegolne kwasy thiszczowe
zidentyfikowano poréwnujac czasy retencji z czasami standardowej mieszaniny FAME
(SUPELCO 37 Component FAME Mix, SIGMA-ALDRICH Co) i wyrazono jako procent (%)
FAME. Do przygotowania roztworu podstawowego zastosowano standardowg mieszaning
zawierajacg wszystkie kwasy tluszczowe. Krzywe kalibracyjne sporzadzono ze wszystkich
roboczych zestawow wzorcow przez rozcienczenie potowy objetosci n-heksanem.
Analizowano kwasy tluszczowe nasycone (od C14:0 do C18:0), kwasy jednonienasycone
(od Cl14:1 do C20:1) i wielonienasycone kwasy thuszczowe od Cl18:2 do C 22:6.

Sposrod kwasdéw n 3 analizowano kwas linolenowy (C 18:3) oraz kwasy EPA 1 DHA.

423. pH

Warto$¢ pH mierzono przy uzyciu przeno$nego pH-metru TESTO 205 (Testo Inc.,
Niemcy), uprzednio skalibrowanego na certyfikowanych buforach o pH 4.00 1 7.00. Wartos¢
pH zostala okreSlona poprzez pomiar bezposredni poprzez wklucie si¢ w migsien
(gleboko$¢ = 2 cm) zgodnie z normg PN-ISO 2917:1999. Pomiar wykonano w sze$ciu

powtorzeniach, a uzyskane wartosci usredniono.

4.2.4. Pomiar sktadowych barwy L*, a*, b*

Instrumentalny pomiar barwy w systemie CIELAB (L*a*b*) migsa strusiego zostata
okreslona z uzyciem kolorymetru Konica Minolta Chroma Meter CR-400 (Minolta Co., Ltd.,
Osaka, Japonia). L* - jasno$¢ barwy, a* - nasycenie barwy od zielonej (-) do czerwonej (+), b*
- nasycenie barwy od niebieskiej (-) do zottej (+). Proby po otwarciu 1 wyjeciu z opakowania
poddawano ekspozycji na tlen atmosferyczny (blooming) przez 30 min w statych warunkach
chtodniczych (2 + 1°C). Do pomiaru wykorzystano gtowicg o §rednicy 8§ mm, illuminant D65
oraz obserwator standardowy 2°. Urzadzenie uprzednio skalibrowano na ptytce kalibracyjnej

(L* =98,45, a* = —0,10, b* = —0,13). Dla kazdej probki wyniki przedstawiono jako wartosci
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$redniej z dziesigciu pomiardw, zebranych na losowo wybranych obszarach z powierzchni

kazdej probki, osiagajac wykluczenie wptywu niejednorodnos$ci prob.

4.2.5. Wyciek naturalny

Wyciek naturalny (Dvr) zostat okreslony poprzez uwzglednienie masy probki przed
zapakowaniem i1 przechowywaniem (My) oraz po okresie przechowywania (Mi). Wyciek

naturalny zostatl obliczony zgodnie ze wzorem (1):

D, = % 100% (1)

4.2.6. Sita cigcia WBSF

Probki migsa (100 = 10 g) gotowano pojedynczo w zamknigtych workach z PA/PE
zanurzonych w tazni wodnej (Memmert, WNE 14, Schwabach, Germany) w temperaturze
80°C, do osiaggnigcia temperatury 73°C wewnatrz probki. Nastepnie zostaly schtodzone i
przechowane przez noc w 2 + 1°C w szafie chtodniczej. Z kazdej proby pobierano walce rdzenie
poprzez wyciecie ich rownolegle do orientacji witokien mig$niowych ($rednica 1,27 cm,
dlugo$¢ 2,5 £ 0,2 cm). Analiza instrumentalna WBSF (Warner-Bratzler shear force) zostata
przeprowadzona odpowiednio w 707, 4, 8, 12 1 16 dniu przechowywania z wykorzystaniem
uniwersalnej maszyny testujacej Instron (Model 5965, Norwood, MA, USA) z przystawka do
testu przecinania WB elementem tngcym w ksztalcie litery V (glowica: max. obcigzalnos¢ 500

N 1 predkos¢ 200 mm/min.).

4.2.7. Wyciek cieplny

Wartos¢ wycieku cieplnego (CL)zostata okreslona poprzez uwzglednienie masy probki
(M) przed oraz po obrdbce cieplnej (procedura obrobki byta tozsama jak w punkcie 4.2.6.) i

wystudzeniu probki do temperatury otoczenia (Ms), zgodnie ze wzorem (2):

CL=(1-2L)-100% )

4.2.8. Analiza mikrobiologiczna

Analizy mikrobiologiczne migsa strusia z uwzglednieniem ogodlnej liczby
drobnoustrojoéw, liczby Enterobacteriaceae w 1g, liczby Escherichia coli w 1g, obecnos¢
Salmonella spp. oraz plesni i drozdzy, byly wykonywane co cztery dni przechowywania. Probki
migsa pobrane byty dla kazdego systemu pakowania, a nastgpnie transportowane w warunkach
chtodniczych do akredytowanego laboratorium, gdzie dokonywano pomiaréw zgodnie z norma

PN-EN ISO 4833-1:2013-12 dla ogoélnej liczby drobnoustrojow, z normg PN-EN ISO 6579-
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1:2017-04 dla Salmonelli spp., z normg PN-EN ISO 21528-2:2017-08 dla Enterobacteriaceae,
z normg PN-ISO 16649-2:2004 dla Escherichia coli, z normg PN-ISO 21527-1:2009 dla plesni
1 drozdzy.

4.2.9. Analiza aktywnos$ci dysmutazy ponadtlenkowej (SOD)

1 g migsa zostal poddany homogenizacji w 5 ml 20 mM buforu HEPES (pH 7,2, ImM
EDTA, 210 mM mannitolu, 70 mM sacharozy na 1 g tkanki), ktéry wczesniej schtodzono do
temperatury 4°C. Wirowanie homogenatéw prowadzono w 2,500 x g przez 15 minut w
temperaturze 4°C. Uzyskany supernatant poddano analizie zgodnie z procedura przedtozong
przez producenta testu Superoxide Dismutase Assay Kit (Cayman Chemical Company; Ann
Arbor, Michigan 48108 USA). Analiza ta pozwala na sumaryczne oznaczenie wszystkich
trzech typow SOD obecnych w tkankach. Odczytu absorbancji w trzech dlugosciach fali (A 440,
450, 460) dokonano przy uzyciu czytnika mikroptytek Synergy4 firmy Biotek (Winooski,
Vermont 05404 USA). Obliczenia aktywnos$ci SOD zostaty wykonane przy uzyciu programu
Gen5. Aktywno$¢ SOD wyrazono w U/ml.

4.2.10. Analiza aktywno$ci glutationowej peroksydazy (GPx)

Probke migsa homogenizowano w 5 ml schtodzonego do 4°C buforu sktadajace si¢ z 50
mM Tris-HCI, 5SmM EDTA oraz 1mM dithiothreitolu. Proby wirowano w 10.000 % g przez
10 minut w temperaturze 4°C. Aktywno$¢ GPx oznaczono przy uzyciu testu Glutathione
Peroxidase Assay Kit (Cayman Chemical Company; Ann Arbor, Michigan 48108 USA).
Odczytu absorbancji oraz pomiaru kinetyki reakcji dokonano przy uzyciu czytnika mikroptytek
Synergy4 firmy Biotek (Winooski, Vermont 05404 USA) w 340 nm (dlugos$¢ fali). Aktywnos¢

GPx zostala wyrazona w nmol/min/ml.

4.2.11. Analiza aktywno$ci reduktazy glutationowej (GR)

Probke homogenizowano w 5 ml schtodzonego do 4°C buforu sktadajace si¢ z 0,1 M
buforu fosforanowego pH 7,4 oraz 1 mM GSSG, 1 mM EDTA, 0.16 mM NADPH. Po
homogenizacji proby wirowano w 10.000 x g przez 10 minut w temperaturze 4°C. Nastgpnie
supernatant zbierano do analiz przechowujac go w temperaturze +4°C. Aktywnos¢ GR
oznaczono przy uzyciu testu Glutathione reductase (GR) assay kit (Cayman Chemical
Company; Ann Arbor, Michigan 48108 USA). Odczytu absorbancji oraz pomiaru kinetyki
reakcji dokonano przy uzyciu czytnika mikroptytek Synergy4 firmy Biotek (Winooski,
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Vermont 05404 USA) w 340 nm (dlugo$¢ fali). Aktywno$¢ GR zostala wyrazona w

nmol/min/ml

4.2.12. Potencjat zmiatania wolnego rodnika DPPH

Potencjat antyoksydacyjny analizowanych préb okre§lono przy pomocy metody Brand-
Williamsa i wsp., (1999), ktéra wykorzystuje syntetyczny wolny rodnik 1,1-diphenyl-2-
picrylhydrazyl (DPPH). 1 g tkanki homogenizowano w 10 ml zimnego (4°C) czystego etanolu
(299,9%). Homogenaty umieszczono w tazni ultradzwigkowej na 2 godziny, w temperaturze
40°C Kolejny etap przygotowania probki obejmowat wirowanie w 4.000 x g przez 15 minut w
4°C. Do 0,5 ml uzyskanego supernatantu dodano 0,5 ml etanolowego roztworu 1,1-diphenyl-
2-picrylhydrazyl (0,5 mM), ktory wczesniej zostat odpowiednio rozcienczony, aby uzyskaé
absorbancje roztworu na poziomie 0,9, przy dlugosci fali 517 nm. Probki staranie wymieszano
1 pozostawiono w ciemnym miejscu na 30 minut w celu stabilizacji koloru. Pomiaru absorbancji
dokonano przy uzyciu spektrofotometru Cary WinUV (Varian Inc., Australia), przy dlugosci
fali 517 nm. Obliczenia potencjatu zmiatania wolnego rodnika DPPH przeprowadzono przy

uzyciu wzoru (3):

(Ao —Agr.

% inhibicji = 100 - 3)

0

gdzie:

Ag. - Srednia warto$¢ absorbancji badanego roztworu zawierajacego probke biologiczna,

Ao - absorbancja roztworu rodnika DPPH.

Zrealizowano pomiary aktywnos$ci antyrodnikowej przy wykorzystaniu stabilnego rodnika
DPPH (2,2-difenylo-1-pikrylohydrazyl). Badanie polegalo na oznaczeniu zdolnosci do
unieczynnienia rodnika DPPH za pomoca antyoksydantu zawartego w ekstrakcie z algi
Haematoccocus  pluvialis. Zdolnos¢ antyoksydacyjna ekstraktu Zmierzono
spektrofotometrycznie (Shimadzu-UV-1800) przy dhlugosci fali 517 nm 1 wyjSciowa
absorbancje¢ rodnika DPPH oraz absorbancje rodnika DPPH po rekcji z ekstraktem. Catkowitg

zdolnos¢ antyoksydacyjng obliczono wg wzoru (4):

(Absy—Absy
Absy

[ =100- 4)

gdzie, I- inhibicja (%)- zdolno$¢ do neutralizacji wolnych rodnikéw, Absk- absorbancja probki

kontrolnej, Abs,- absorbancja probki badane;.
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4.2.13. Trawienie in vitro

Trawienie in vitro zostato przeprowadzone zgodnie z procedurg dla analizy procesow
oksydacyjnych zachodzacych podczas pasazu w uktadzie pokarmowym (Van Hecke 1 wsp.
2018). Trawienia wykonano w czterech powtdrzeniach. Migso strusie (4,5 g) inkubowano
kolejno: w temperaturze 37°C przez 5 min z 6 ml $liny, 2 h z 12 ml soku Zoladkowego
(poczatkowe pH zotadka = 2,5, koncowego pH zotadka = 3,5), nastgpnie przez 2 h z 2 ml buforu
wodoroweglanowego (1 m, pH = 8,0), z 12 ml soku z dwunastnicy i z 6 ml soku z zoétci (pH =
6,5). Po zakonczeniu procesu, probki zhomogenizowano za pomocg ultra-turrax (9500 rpm) i

przechowywano je w temperaturze -80°C do dalszej analizy.

4.2.14. Oznaczenie poziomu dialdehydu malonowego (MDA)

Proby homogenizowano w 2 ml schlodzonego do 4°C buforu fosforanowego z
dodatkiem 20ul BHT (butylated hydroxytoluene) w acetonitrylu. Wirowanie prob przebiegato
si¢ w 10 000 x g przez 10 minut w temperaturze 4°C. Préby wirowano w 1 000 x g przez 10
minut w temperaturze 4°C. Analiz¢ poziomu MDA w tkance mig$niowej przed i po trawieniu
in vitro mierzono spektrofotometrycznie przy dtugosci fali 532 nm. Co odpowiada najwyzszej
absorbancji TBARS (kwasu tiobarbiturowego) po hydrolizie z NaOH préb biologicznych.
Poziom absorbancji zostat przeliczony na odpowiednia warto§¢ MDA (nmol MDA/ml) oraz

wykorzystaniem 1,1,3,3-tetramethoxypropanu jako standardu [VanHecke 1 wsp. 2017a].

4.2.15. Oznaczanie 4-hydroksy-2-nonenalu (4-HNE) i heksanalu (HEX) w migsie

przed 1 po trawieniu in vitro

Poziomy 4-HNE 1 heksanalu (HEX), analizowano z wykorzystaniem metody
wysokosprawnej chromatografii cieczowej HPLC z detekcja fluoroscencyjng (1220 Infinity II
LC wraz z detektorem FL, Agilent, Santa Clara, CA 95051 USA), zmodyfikowang metoda Van
Hecke i wsp. [2017a]. Homogenaty préb biologicznych przed i po trawieniu poddano ekstrakeji
w mieszaninie CHCI3:MeOH (2:1, v/v) z NaCl (0,9%). Po ekstrakcji zebrang faze (CHCI3) 1
suszono pod azotem. Po ekstrakcji proby oddano derywatyzacji z wykorzystaniem odczynnika
cykloheksanodionowego (CHD - siarczan amonu roztworzony w kwasie octowym) oraz
roztworu MeOH. Nastegpnie cato$¢ inkubowano przez godzine w temperaturze 60°C. Przed
nastrzykiem proby filtrowano (0,2 pum filtr z membrang celulozowg). Rozdziat przeprowadzono
na kolumnie Supelcosil LC-18 (25 cm x 4,6 mm, 5 um, kat. 58295 Supelco®), stosujac
stopniowg elucje 50% tetrahydrofuran od 0-40 min. Derywatyzowane aldehydy wykrywano za
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pomoca detektora fluorescencyjnego przy dlugosci fali wzbudzenia 380 nm i dlugosci fali

emisji 446 nm. Aldehydy oznaczono ilo$ciowo przy uzyciu krzywej standardowej i wyrazono

jako pmol aldehydow/ ml roztworu.

4.2.16. Oznaczenia poziomu grup karbonylowych

Proby migsa homogenizowano w buforze fosforanowym pH 6,5. Nast¢pnie dodano

kwasu trichlorooctowego (TCA) w celu deproteinizacji. Odbiatczony supernatant usuwano a

osad po przemyciu w mieszaninie etanolem/octan etylu (1:1) rozpuszczono w roztworze 6 M

guanidyny. W tak przygotowanych probkach absorbancje (w porownaniu z probka kontrolng)

okreslano przy dlugosci fali 280 1 370 nm. Do obliczenia poziomu krup karbonylowych uzyto

oprogramowania Cary Varian 50Bio (Santa Clara, CA, USA). Poziom grup karbonylowych

nmol/mg biatka.

4.2.17. Analiza statystyczna

Uzyskane dane zostaly poddane analizie statystycznej z wykorzystaniem jedno- i
wieloczynnikowej analizy wariancji w schemacie wewnatrzgrupowym (powtarzane pomiary), w
celu zbadania wptywu czynnikow (zmiennych niezaleznych): rodzaju pakowania i czasu
przechowywania (czynnik powtarzalny), a takze ich interakcji, na wszystkie zmierzone parametry
(zmienne zalezne). Do przeprowadzenia analizy wykorzystano PROC GLIMMIX z SAS v 9.4
(SAS Institute Inc., Cary, NC, USA), w tym opcj¢ korekty Tukeya (oznaczenie réznic migdzy
grupami). Do rozpoznania istotnych efektow ustalono réznice dla przedziatu p<0,05, ktora zostata
obliczona z wykorzystaniem opcji LSMEANS procedury GLIMMIX. Trend istotnego efektu
uwzgledniono dla p<0,10. Identyfikacja strusi (liczba ptakow) zostata uwzgledniona w modelu jako
czynnik losowy. W zbiorze danych nie byto wartosci odstajacych, rozktad wynikéw zmiennych
zaleznych w kazdej z analizowanych grup byt zblizony do rozktadu normalnego, co sprawdzono
test Shapiro-Wilka, a wariancje w poréwnywanych grupach byly do siebie podobne
(homogeniczno$¢ wariancji), co zweryfikowano testem Levene’a. Trafno$¢ modeli zostala
przetestowana przy uzyciu kryterium informacyjnego Akaike. W przypadku wszystkich analiz,
wyniki podane zostaly jako $rednia warto$¢ + standardowy btad pomiaru (SEM - standard error of

the mean).
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5. Syntetyczne omowienie publikacji

5.1.Publikacja I

Horbanczuk O.K., Moczkowska M., Marchewka J., Atanasov A.G., Kurek M.A., 2019.
The Composition of Fatty Acids in Ostrich Meat Influenced by the Type of Packaging
and Refrigerated Storage. Molecules 24 (22), 4128.

Cel artykulu: okreslenie zmian sktadu kwasow thuszczowych w migsie strusi w zaleznosci od

rodzaju opakowania i okresu przechowywania oraz jego podstawowy sktad chemiczny.

Szczegbly zalozen metodycznych realizowanych badan i szczegoétowe wyniki badan
wraz z tabelami zostaty przedstawione i opublikowane w artykule z listy JCR (publikacja nr 1).
Sktad chemiczny migsa strusia jako wstgpna charakterystyka analizowanych probek
przedstawiono w Tabeli 1. Zawarto$¢ thuszczu w migsie strusi wyniosta srednio 1,95 g/100 g
tkanki, natomiast biatka 21,5 g /100 g. W poréwnaniu z wotowing i wieprzowing migso strusie
charakteryzuje si¢ nizsza zawarto$cig thuszczu. Migso to zawiera rOwniez nieznacznie WyzZszy

poziom biatka niz w wolowinie [Paleari 1 wsp., 1998; Sales 1 Mellet, 1998].

Tabela 1. Sktad podstawowy (g /100 g migsa) surowego migsa strusiego (Srednia warto$¢ + SE).

Parametr Srednia wartosé¢ (/100 g)
Zawartos¢ wody 75,40 +£ 0,26

Thuszcz 1,95+ 0,03

Biatko 21,50 +£0,11

Popidt ogotem 1,15+0,01

Zmiany profilu kwasow tluszczowych w migsie strusi w zaleznosci od rodzaju
opakowania 1 okresu przechowywania przedstawiono w tabelach 2-5. Zawarto$¢
poszczeg6lnych nasyconych kwasow ttuszczowych w migsie strusim nie roznita si¢ istotnie w
zaleznosci od metody pakowania oraz czasu przechowywania (z wyjatkiem kwasu C16:0), co
zostalo zaprezentowane w tabeli 2. Istotne rdznice zarejestrowano w zawartosci kwasu C16:0
pomiedzy 0 1 16 dniem przechowywania, lecz tylko dla MAP2, przy czym dla vacuum roéznica

wyniosta - 0,2%, a dla MAPI1 - 0,4%.
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Tabela 2. Udziat procentowy nasyconych kwasow ttuszczowych (NKT) (%) w sumie kwasow thuszczowych
ogoélem w zaleznos$ci od rodzaju opakowaniu i czasu przechowywania ($rednia warto$¢ + SEM).

Kwas thuszczowy (%) Metoda' pren
pakowania 0" 7 3 B 16
C14:0 MAPI 0,57+0,121 0,57+0,093 0,57+0,093 0,57+0,09 0,58+0,116
MAP2 0,57+0,121 0,57+0,085 0,58+0,122 0,59+0,106 0,58+0,122
Vacuum 0,57+0,121 0,57+0,097 0,57+0,076 0,57+0,055 0,58+0,052
C15:0 MAPI 0,021+0,001  0,019+0,001  0,018+0,001 0,019+0,001 0,018+0,001

MAP2  0,021£0,001  0,019£0,001  0,020+0,001  0,019+0,001  0,019+0,002
Vacuum — 0,021£0,001  0,019+0,001  0,021£0,001  0,021+0,001  0,019+0,001

C16:0 MAPI1 21,370,205  21,44+0,101 21,530,124  21,59+0,121  21,71+0,141b
MAP2  2137+0,205B 2142B+0,10 21,45B+0,155 21,52B+0,123  22,72+0,071Aa

Vacuum 21,37+0,205  21,42+0,123  21,47+0,101 21,540,094 21,54+0,148b

C17:0 MAP1 0,12+0,004 0,12+0,002 0,13+0,002 0,12+0,002 0,110,001
MAP2 0,12+0,004 0,11+0,002 0,11+0,003 0,11+0,002 0,11+0.001
Vacuum 0,12+0,004 0,12+0,002 0,12+0,002 0,11+0,002 0,11+0,001
C18:0 MAP1 9,810,078 9,84+0,089 9,870,082 9,9+0,057 9,99+0,076

MAP2 9,81+0,078 9,88+0,012 9,91+0,04 9,95+0,097 10,25+0,112

Vacuum 9,81+0,078 9,83+0,094 9,85+0,023 9,88+0,125 9,92+0,125

Srednie warto$ci roznigce sie literami dla dnia w wierszach (A, B, C) i dla systemu pakowania w kolumnach
(a, b, ¢), istotne roéznice dla p < 0,05.

MAP1: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO2/10% No.

Podobne tendencje zaobserwowano dla wigkszosci analizowanych jednonienasyconych
kwasow tluszczowych (JNKT - tabela 3), gdzie stwierdzono brak istotnego wptywu rodzaju
opakowania oraz czas przechowywania na profil tych kwaséw. Wyjatkiem byly kwasy -
palmitynowy (C16:1) oraz eikozenowy (C20:1n9), ktérych zawarto$¢ zmniejszyta si¢ podczas
przechowywania dla MAP2 (spadek dla C16:1 z 7,90% do 7,06% w 16 dniu, przy jednoczesnie
mniejszych spadkach ich warto$ci dla MAP1 oraz vacuum. Zblizone tendencje dla kwasu
palmitynowego zaobserwowano takze w migsie drobiowym przechowywanym przez okres 6
dni w temperaturze 4°C w eksperymencie przeprowadzonym przez Conchillo i wsp. [2004]. Z
kolei w badaniach Potawskiej i wsp. [2014], w ktorych migso strusie zapakowano w vacuum

oraz skin-pack i1 przechowywano do 14 dni nie zaobserwowano istotnych zmian poziomu

31



jednonienasyconych kwasow tluszczowych w zalezno$ci od sposobu pakowania i okresu

przechowywania.

Tabela 3. Udzial procentowy jednonienasyconych kwasoéw thuszczowych (JNKT) (%) w sumie kwaséw

thuiszczowych ogdtem w zaleznosci od rodzaju opakowaniu i czasu przechowywania (§rednia warto$¢ + SEM).

Metoda Dzien
Kwas tluszczowy (%) pakownia
”0” 4 8 12 16
Cl4:1 MAPI 0,08+0,001 0,09+0,001 0,09+0,002 0,08+0,001 0,06+0,002
MAP2 0,08+0,001 0,08+0,001 0,07+0,001 0,08+0,001 0,08+0,001
Vacuum  0,08+0,001 0,08+0,002 0,07+0,001 0,08+0,001 0,06+0,001
Cl15:1 MAPI 0,17+0,011 0,17+0,002 0,17+0,002 0,16+0,007 0,16+0,007
MAP2 0,17+0,011 0,17+0,004 0,160,009 0,15+0,002 0,15+0,005
Vacuum  0,17+0,011 0,17+0,01 0,17+0,003 0,16+0,006 0,16+0,002
Clé:1 MAPI1 7,9+0,093A  7,92+0,07A  7,59+0,088AB  7,33+0,065AB  7,15+0,071Bb
MAP2 7,9+0,093A  7,87+0,012A 7,7£0,037A 7,41£0,14B 7,06+0,062Bb
Vacuum  7,9+0,093A  7,93£0,081A  7,65+0,056AB 7,52+0,11B 7,43+0,075Ba
C18:1 n9t MAPI 0,25+0,009 0,25+0,003 0,26+0,011 0,28+0,009 0,27+0,011
MAP2 0,25+0,009 0,27+0,006 0,27+0,005 0,28+0,012 0,28+0,008
Vacuum  0,25+0,009 0,25+0,005 0,26+0,01 0,26+0,003 0,27+0,006
C18:1 n9%¢ MAPI 29,96+0,152  30,02+0,167 29,75+0,177 29,29+0,138 28,98+0,164
MAP2 29,96+0,152  30,05+0,22 29,9440,168 29,72+0,137 29,56+0,127
Vacuum  29,96+0,152  29,93+0,144 29,75+0,145 29,4140,104 29,18+0,086
C20:1 n9 MAPI 0,21£0,015B  0,23+0,006B  0,26+0,009AB  0,27+0,009AB 0,3+0,009Aa
MAP2 0,21£0,015 0,23+0,008 0,26+0,011 0,25+0,015 0,24+0,004b
Vacuum  0,21+0,015B  0,21+0,004B  0,23+0,004AB  0,25+0,007AB  0,27+0,006Aab

Srednie wartoéci roznigce sie literami dla dnia w wierszach (A, B, C) i dla systemu pakowania w kolumnach

(a, b, ¢), istotne roznice dla p < 0,05.

MAPI: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO,/10% No.

Wyniki badan wilasnych wskazuja, iz rodzaj pakowania oraz czas przechowywania istotnie

wplywa na profil kwasow ttuszczowych, szczegdlnie na wielonienasycone kwasy ttuszczowe,

w tym kwasy omega 3 - C18:3, C20:5 (EPA) oraz C22:6 (DHA) — tabela nr 4.
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Tabela 4. Udzial procentowy wielonienasyconych kwaséw ttuszczowych (WNKT) (%) w sumie kwasow
thuszczowych ogdétem w zaleznosci od rodzaju opakowaniu i czasu przechowywania ($rednia warto$¢

+ SEM).
Dzien
Kwasy tluszczowe (%) Metoda pakowania g 7 2 B T
C18:2 n6¢c MAP1 18,70+0,10 18,61+0,12 18,23+0,09 17,97+0,18 17,61£0,11
MAP2 18,7040,10  18,71£0,14  18,04£0,12  17,73+0,20 17,240,11
Vacuum 18,70+0,10  18,67+0,01 18,44+0,07  18,1120,11  17,92+0,17
C18:3 n3 MAPI 1,98+0,04 1,97+0,02 1,94+0,04 1,89+0,02a 1,83+0,03a
MAP2 1,98+0,04A  1,95+0,01A  1,89A+0,02A  1,75+0,06Bb  1,46+0,03Cb
Vacuum 1,98+0,04 1,97+0,03 1,95+0,02 1,93+0,03a 1,94+0,03a
C20:2 n6 MAPI 0,19+0,01 0,19+0,00 0,17+0,00 0,17+0,00 0,16+0,00
MAP2 0,19+0,01 0,19+0,01 0,18+0,02 0,17+0,00 0,18+0,00
Vacuum 0,19+0,01 0,19+0,01 0,19+0,00 0,19+0,01 0,17+0,00
C20:3 n6 MAP1 0,21+0,01A  0,21+0,00A 0,19+0,01A  0,17+0,00AB  0,15+0,00B
MAP2 0,21£0,01A  0,21+0,02A 0,19£0,01A  0,15+0,00Bb  0,14+0,00Bb
Vacuum 0,21+0,01 0,2120,00 0,20+0,00  0,19£0,006a  0,18+0,00a
C20:4 n6 MAPI 5,44+0,05 5,42+0,07 5,34+0,07 5,30+0,09 5,23+0,05a
MAP2 5,44+0,05A 5,35A+0,06A  5,19+£0,03A 5,04+0,06B  4,79+0,13bB
Vacuum 5,44+0,05 5,41%0,05 5,3940,02 5,34+0,06 5,32+0,07a
C20:5 (EPA) MAP1 0,57+0,01A  0,55+0,02A 0,53+0,02A 0,5£0,01Aa  0,43+0,01Bc
MAP2 0,57+0,01A  0,57+0,01A  0,55+0,02A  0,42£0,01Bb  0,33£0,01Cb
Vacuum 0,57+0,01 0,56+0,01 0,55+0,01 0,52+0,02a 0,51+0,01a
C22:6 (DHA) MAPI 0,67£0,02A  0,64+0,01A 0,62+0,02A 0,59+0,02B  0,45+0,01Cb
MAP2 0,67£0,02A  0,63+0,01A 0,61+0,02A  0,53£0,01Bb  0,25,09Cc
Vacuum 0,67+0,02 0,67+0,01 0,65+0,01 0,63+0,02a 0,65+0,09a

Srednie warto$ci roznigce sie literami dla dnia w wierszach (A, B, C) i dla systemu pakowania w kolumnach
(a, b, ¢), istotne roéznice dla p < 0,05.

MAPI: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO2/10% No.

W przypadku wielonienasyconych kwasow tluszczowych (WNKT/PUFA), w tym
kwasow omega 3, ktére sa najcenniejsze dla zdrowia cztowieka najmniejsze zmiany (dla C18:3)
zanotowano w migsie strusim pakowanym prozniowo, a nastgpnie dla wariantu z
modyfikowang atmosfera o obnizonej zawarto$ci tlenu 1 wyzszej zawartosci azotu (MAP1).
Najwigksze zmiany w tym zakresie odnotowano dla MAP2. Podobne tendencje
zaobserwowano dla kwaséw EPA 1 DHA (tabela 4). W migsie pakowanym w MAP1 poziom
EPA utrzymywat si¢ na zblizonym poziomie do 12 dnia przechowywania, po czym nastapit
istotny spadek w 16 dniu. Podobne zaleznos$ci zarejestrowano w MAP2. W przypadku DHA
pogorszenie wartosci zaobserwowano gléwnie migdzy 12 a 16 dniem przechowywania,
glownie w MAP2 (tabela 4). Spadek zawartosci PUFA w okresie przechowywania migsa

zanotowano takze w badaniach prowadzonych przez Echarte i wsp. [2004] na wieprzowinie
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oraz Dal Bosco i wsp. [2004] w migsie kroliczym juz po 8 dniach przechowywania. Natomiast
w badaniach z wykorzystaniem wotowiny Mahecha i wsp. [2009] wykazali zmniejszenie
koncentracji PUFA dopiero po 14 dniu przechowywania tego mig¢sa. Stosunek kwaséw n6/n3
nie ulegt zmianie podczas przechowywania dla migsa pakowanego w systemie vacuum, dalej
w MAPI, natomiast najmniej stabilny okazal si¢ dla MAP2 to jest z wyzsza zawartos$cig tlenu
- tabela 5. Najwicksze zmiany w profilu kwaséw thuszczowych dla wszystkich rodzajow
opakowania zaobserwowano mi¢dzy 12, a 16 dniem przechowywania.

Tabela 5. Udziat procentowy w tluszczowych (%) sumie kwasow tluszczowych ogétem oraz stosunek
kwasow tluszczowych (Srednia warto§¢ = SEM) w zalezno$ci od rodzaju opakowaniu i czasu

przechowywania.

Dzien
Kwasy ttuszczowe (%) Metoda pakowania o 2 2 B T
SFA MAP1 31,3340,21 31,42+0,15 31,55+0,14 31,62+0,14 31,8+0,16b
MAP2 31,33+0,21B  31,43+0,11B  31,48+0,18B 31,59+0,18B  33,08+0,09Aa
Vacuum 31,3340,21 31,39+0,19 31,46+0,09 31,52+0,19 31,58+0,24b
MUFA MAP1 38,56+0,16 38,69+0,16 38,11+0,21 37,41£0,13 36,91+0,19
MAP2 38,56+0,16 38,68+0,21 38,39+0,20 37,88+0,20 37,36+0,17
Vacuum 38,56+0,16 38,57+0,16 38,13+0,16 37,66+0,13 37,3740,12
PUFA MAP1 28,48+0,10A  28,30+0,16A 27,70+0,14AB  27,24+0,18Ba  26,3840,16Cb
MAP2 28,48+0,10A  28,30+0,17B  27,31+0,13Cb  26,39+0,16Db  24,69+0,21Ec
Vacuum 28,48+0,10A 28,41+0,14A  28,08+0,07a  27,61+0,13Ba  27,61+0,13Ba
PUFA n6 MAP1 242140,11A  24,140,16A  23,63+0,14AB  23,33+0,18B  22,90+0,12Ba
MAP2 24214+0,11A  24,13+0,19A  23,30+0,13B 22,8540,19B  22,07+0,20Cb
Vacuum 242140,11A  24,15+0,13A  23,90+0,07AB  23,5240,12B  23,52+0,12Ba
PUFA n3 MAP1 3,21+0,04A  3,16+0,02A 3,09+0,04A 2,98+0,02Aa  2,724+0,04Bb
MAP2 3,21+0,04A  3,14+0,03A 3,05+0,04A 2,69+0,060bB  2,05+0,03Cc
Vacuum 3,21+0,04 3,20+0,03 3,15+0,03 3,08+0,04a 3,08+0,04a
PUFA n6/n3 MAP1 7,55+0,12 7,63+0,07B 7,66+0,11B 7,84+0,10a 8,43+0,09Ab
MAP2 7,55+0,12C  7,68+0,10C 7,66+0,13C 8,53+0,23Bb  10,78+0,13Aa
Vacuum 7,55+0,12 7,55+0,07 7,60+0,09 7,65+0,11a 7,65+0,11¢

Srednie wartoéci roznigce sie literami dla dnia w wierszach (A, B, C) i dla systemu pakowania w kolumnach

(a, b, ¢), istotne roznice dla p < 0,05.

MAP1: 40% 02/40% CO2/20% Nz, MAP2: 60% 02/30% CO,/10% No.

Na podstawie uzyskanych wynikéw badan wykazano, ze rodzaj pakowania oraz czas

przechowywania istotnie

wplywaja

na

profil

kwasow

thuszczowych.

Sposrod

wielonienasyconych kwaséw thuszczowych z grupy n-3 tj. kwasu linolenowego (C18:3), EPA
(C20:5) 1 DHA (C22:6) najmniejsze zmiany w ich skladzie podczas przechowywania
zarejestrowano w migsie strusim pakowanym prozniowo, nastgpnic w MAPI1, a najgorsze
wyniki uzyskano w MAP2 (60% 02/30% CO2/10% N>).
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5.2. Publikacja II

Horbanczuk O.K., Jozwik A., Wyrwisz J., Marchewka A., Wierzbicka A., 202I.
Physical Characteristics and Microbial Quality of Ostrich Meat in Relation to the Type
of Packaging and Refrigerator Storage Time. Molecules 26 (11):3445.

Cel artykulu: charakterystyka cech fizycznych i jako$ci mikrobiologicznej migsa strusia w

zaleznosci od rodzaju opakowania i czasu przechowywania.

Wyniki badan wskazuja, ze systemy pakowania obejmujace pakowanie prézniowe
1 pakowanie w atmosferze modyfikowanej (MAP) z zastosowaniem dwdch kombinacji gazow:
MAP1 (40% O/ 40% CO2/ 20% Nz) i MAP2 (60% 02/30 % CO2/10% N2) i czas
przechowywania miaty wptyw na cechy fizyczne i1 jako§¢ mikrobiologiczng migsa strusia, a
mianowicie na pH, barwe¢ (L*, a*, b*) — tabela 6. Poczatkowa warto§¢ pH migsa (5,99)
zmniejszyta si¢ pod koniec czasu przechowywania dla MAP1 do 5,81, podczas gdy w vacuum
byto stabilne od poczatku przechowywania do 12 dnia, po czym wzrosto do 6,08 w 16 dniu.
Wzrost pH moze by¢ spowodowany zaawansowang proteoliza zachodzaca w dhugo
przechowywanym migsie pakowanym prézniowo [Alonso-Calleja i wsp. 2014; Cruzen i wsp.,

2014].

Tabela 6. pH oraz barwa (L*, a*, b*) migsa strusi w zalezno$ci od rodzaju pakowania oraz czasu

przechowywani ($rednia warto$¢ £ SEM).

Parametr Metoda. o
pakowania (7 4 8 12 16

pH MAP1 5,99 +0,00 A 5,90 £0,00 4B 589 +0,00 B> 585+0,00Bb 5,81 +£0,01 Bb
MAP2 5,99 + 0,00 5,95+0,00 5,92 +£0,00 &b 5,91 +£0,01 &b 5,93 +0,01 b
Vacuum 5,99 +£0,00 B 5,980,008  6,02+0,01 A% 6,00+0,01 ABa 6,08 + 0,00 A2

L* MAPI 36,99+0,128%  36,30+0,15B> 41,02+0,494* 40,66+0,194*  40,75+0,10 A2
MAP2 36,99+0,12¢  39,50+0,075* 40,41+0,075* 41,06+0,074*  41,60+0,1142
Vacuum 36,99 +0,1248  3739+0,13A% 36,85+0,09 48> 3629+0,10B>  3422+0,20CP

a* MAPI 19.97+0398  21,13+0,114* 20,73 +0,11 B2 20,56 0,11 B2 20,50 + 0,06 ~B=2
MAP2 19,97+0398  21,75+028%% 20,74+0,18 B2 20,74+0,1982 20,64 +0,06 B2
Vacuum 19,97 £0,394 19,47+0,16 48> 1897+0,21 B> 19,12+0,26 4B> 19,58 +0,21 ABb

b* MAPI 843+0,078  9,90+0214%> 993+0,084%> 9.87+0,07Aab 9,93 £0,05 A2

MAP2 8,43+0,07 B 10,80 £0,054% 10,68 +0,04 42 10,41 £0,10 A2 10,31 £0,07 A2
Vacuum 8,43 £0,07 8,18 £0,08° 8,21+0,12° 8,11+0,14° 8,01 +£0,03°

Srednie warto$ci r6znigce sie literami dla dnia w wierszach (A, B, C) i dla systemu pakowania w kolumnach
(a, b, ¢), istotne roéznice dla p < 0,05.

MAPI: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO2/10% N..
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W odniesieniu do barwy migsa, warto$¢ jasnosci L* wzrosta podczas przechowywania
dla MAP1 i MAP2 odpowiednio z 36,99 do 40,75 i1 41,60, podczas gdy zmniejszyta si¢ dla
vacuum do 34,22. Te same tendencje odnotowano dla wartosci a* (nasycenie barwy czerwonej)
1 wartosci b* (nasycenie barwy zottej). Warto$¢ a* w badanych mig$niach strusi istotnie wzrosta
(p £0,05) w 4 dniu przechowywania w MAP1 oraz w MAP2, prawdopodobnie z powodu
konwersji mioglobiny do postaci oksymioglobiny [Danijela i wsp. 2013]. We wszystkich
systemach pakowania obserwowano wzrost wycieku naturalnego wraz z czasem
przechowywania. Istotnie najwigkszy wyciek naturalny stwierdzono w migsie strusim
pakowanym w systemie vacuum (3,62% w 16 dniu) w porownaniu do systeméw pakowania
MAP2 i MAP1, gdzie zarejestrowano najmniejszy wyciek (2,71% w 16 dniu przechowywania)
— tabela 7. Réwniez Leygonie 1 wsp. [2012] w pakowanym migsie strusi zanotowali wzrost
wycieku naturalnego podczas przechowywania. Natomiast Zakrys —Waliwander 1 wsp. [2012]
w badaniach przeprowadzonych z udziatem wotowiny zarejestrowat wigkszy wyciek naturalny
w migsie pakowanym w MAP, ale o bardzo wysokiej koncentracji tlenu O to jest 80%, anizeli
W vacuum.

W przypadku badan mikrobiologicznych najnizsza ogodlna liczb¢ drobnoustrojow w
przechowywanym migsie strusi stwierdzono w vacuum, nastgpnie w MAP1, a najwyzsza w
MAP?2 (rysunek 3). Wyzsza og6lng liczbe drobnoustrojow (TVC) dla migsa strusi podczas
przechowywania w systemie MAP zanotowali Bingol i wsp. [2012]. Trzeba dodaé, ze
poczatkowa warto$¢ TVC w migsie strusi w dniu 0 bylta u tych badaczy wyzsza (ponad 4 log
CFU/g) w porownaniu z badaniami w niniejszej dysertacji (3,1 log CFU/g), a mig¢so strusie byto
przechowywane w temperaturze wyzszej o 2°C (+ 4°C). Nalezy tutaj podkresli¢, ze strusie w
Polsce s3 od wielu lat ubijane w specjalnych ubojniach posiadajacych certyfikat UE, a
zdecydowana wiekszos$¢ krajowej produkcji jest eksportowana do Europy Zachodniej i musi
spetnia¢ specjalne wymogi higieniczne i wymagania sanitarne w tym zakresie [Horbanczuk i
Wierzbicka 2017]. Migso strusi produkowane w Polsce cieszy si¢ duzym uznaniem i jest na nie
duzy popyt szczeg6lnie ze strony krajow europejskich m.in. Szwajcaria oraz Francja 1 Wielka
Brytania. W przypadku Enterobacteriaceae, E. coli Salmonelli spp. oraz plesni i drozdzy nie
stwierdzono obecno$ci w badanych probkach dla wszystkich trzech wariantow pakowania,

przez caty okres przechowywania do 16 dni.
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Rysunek 3. Ogolna liczba drobnoustrojow (log CFU/g) w migsie strusim w zalezno$ci od rodzaju opakowania

oraz czasu przechowywania ($rednia warto$é¢ + SEM). Srednie wartoéci oznaczone literami dla kazdego dnia (A—

E) i dla systemu pakowania (a—d), istotne rdznice dla p < 0,05.

MAP1: 40% 02/40% CO2/20% Nz, MAP2: 60% 02/30% CO2/10% Na.

Tabela 7. Wyciek naturalny (%), wyciek cieplny (%) i sita cigcia WBSF (N) w migsie strusim

w zalezno$ci od rodzaju pakowania oraz czasu przechowywani (Srednia warto$¢ + SEM).

Dzieh
Parametr Metoda'
pakowania
0" 4 8 12 16
Wyciek naturalny /4 b - 1,43 +0,01 Be 1,650,001 B¢ 2214001 ABe 271 +£0,00 A
(drip loss)
MAP2 - 1,61 £0,00B> 2,010,001 AB>  250+0,00Ab>  333+0,01 AP
Vacuum - 1,80£0,02C  2,18+0,03BC  260+0,03B2  3,62+0,01Ae
Wyciek cieplny \rap1 30954024 34484023 3551011 36,10+ 0,01 36.31 40,05
(cooking loss)
MAP2 32,95 +0,24 34,73 £0,01 35,64 + 0,02 36,23 0,20 36,35 + 0,04
Vacuum — 32,95+024B 350201148 3621 +£02948  36,65+0,18*  37,61+0394
Sita cigcia a a
(WBSF) MAPI 33,28+0,32 31,87+0,18 31,40+0,19 30,92 £0,22 30,22 0,03
MAP2  3328+032 31,77 40,15 31,66 + 0,30 312940,17¢  31,07£0,252
Vacuum — 3328+0324  30,39+0,14®  3029+008B  2859+0,15C>  2838+0,08 Cb

Srednie warto$ci oznaczone literami dla kazdego dnia w wierszach (A, B, C) i dla systemu pakowania

w kolumnach (a, b, c), istotne rdznice dla p < 0,05.

MAP1: 40% 02/40% CO2/20% Nz, MAP2: 60% 02/30% CO2/10% Na.
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Na podstawie uzyskanych wynikéw badan wykazano, ze rodzaj pakowania oraz czas
przechowywania istotnie wptywaja na cechy fizykochemiczne i jako$¢ mikrobiologiczng migsa
strusi. Istotnie najwickszy wyciek naturalny stwierdzono w migsie strusim pakowanym w
vacuum w poréwnaniu do systeméw pakowania MAP2 oraz MAPI1. Najnizsza og6élng liczbg
drobnoustrojéw stwierdzono w vacuum, nastgpnie w MAP1, a najwyzszag w MAP2. Wartos¢
pH zmniejszyla si¢ pod koniec czasu przechowywania dla MAP1, podczas gdy w vacuum byta
stabilna do 12 dnia i lekko wzrosta w dniu 16. Z kolei barwa mig¢sa tj. warto§¢ L* wzrosta dla
MAPI1 i MAP2, podczas gdy spadta dla vacuum. Te same tendencje odnotowano dla barwy

czerwonej (a*) i barwy zottej (b*).

5.3. Publikacja I1I

Horbanczuk O.K., J6zwik A., Wyrwisz J., Marchewka A., Atanasov A.G., Wierzbicka A.,
2021. The Activity of Chosen Antioxidant Enzymes in Ostrich Meat in Relation to the Type
of Packaging and Storage Time in Refrigeration. Biomolecules 11(9):1338.

Cel artykulu: ocena aktywnosci wybranych enzymow antyoksydacyjnych w migsie strusia w

zaleznos$ci od rodzaju pakowania 1 okresu przechowywania.

Identyfikacja parametrow stresu oksydacyjnego oraz profilu antyoksydacyjnego zostata
przeprowadzono w homogenatach migsni strusi zgodnie odpowiednimi metodykami
dedykowanym dla poszczegélnych parametréw. Przeprowadzono analize aktywnosci
enzymOw antyoksydacyjnych - peroksydazy glutationowej (GPx, E.C. 1.11.1.9.); reduktazy
glutationowej (GSRd, E.C. 1.6.4.2), dysmutazy ponadtlenkowej (SOD E.C. 1.15.1.1),
ktora zostala okreslona z wykorzystaniem dedykowanych mikroptytek do badan
immunochemicznych typu EIA/ELISA oraz czytnika BioTek Synergy™4. Catkowita
pojemno$¢ antyoksydacyjna probek miesa zostala zweryfikowana na podstawie analizy
potencjalu  zmiatania  wolnego rodnika DPPH  (2,2-Diphenyl-1-picrylhydrazyl),
z wykorzystaniem metod spektrofotometrycznych.

Szczegoty zatozen metodycznych realizowanych badan i szczegdélowe wyniki badan
wraz z tabelami zostaty przedstawione i opublikowane w artykule z listy JCR (publikacja
nr 3). Aktywnos$¢ dysmutazy ponadtlenkowej, peroksydazy glutationowej (GPx) i reduktazy
glutationowej (GSR) i DPPH przedstawiono na wykresach 4-7. Wykazano, ze najnizszy
poziom aktywnos$ci dysmutazy ponadtlenkowej (SOD) podczas przechowywania

zaobserwowano w mig$niach strusia pakowanych vaccum w pordwnaniu z MAP1 i MAP2
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(rysunek 4), co moze wynikaé z faktu, ze w metodzie pakowania prozniowego ze wzgledu na
warunki beztlenowe procesy powstawania wolnych rodnikow ulegly ograniczeniu. Podobnag
aktywno$¢ dysmutazy ponadtlenkowej (SOD) podczas przechowywania wykazano w
badaniach mig¢sa nandu [Filgueras i wsp. 2010], natomiast Renerre i wsp. [1996] wykazali
wyzsza aktywno$¢ tego enzymu w wolowinie w poréwnaniu z otrzymanymi wynikami. Z kolei
w vacuum odnotowano najwigkszy wzrost aktywno$ci peroksydazy glutationowej (GPx)
zwlaszcza do 8 dnia przechowywania 1 parametr ten osiggnagt warto§¢ maksymalng (54,3) -
rysunek 5. Warto$¢ peroksydazy glutationowej wzrosta takze do 8 dnia przechowywania w
MAPI1. W przypadku reduktazy glutationowej (GR) zaobserwowano stabilizacj¢ w poziomie
aktywnosci tego enzymu w probach z systemu pakowania préozniowego migdzy 12, a 16. dniem
przechowywania, podczas gdy w MAP1 ulegl on dalszemu obnizeniu (rysunek 6). Z kolei
warto§¢ DPPH pozostata stabilna do 8 dnia przechowywania, a po tym okresie stwierdzono
spadek tego parametru, ktory osiaggnat najnizsza warto$¢ w 12 dniu przechowywania dla

wszystkich rodzajow systemow pakowania (rysunek 7).
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Rysunek 4. Zmiany w aktywnos$ci (U/ml) dysmutazy ponadtlenkowej (SOD) w migsie strusim w zaleznosci od

rodzaju pakowania oraz czasu przechowywania.

MAPI: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO»/10% No.
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Rysunek 5. Zmiany w aktywnos$ci (nmol/min/ml) peroksydazy glutationowej (GPx) w migsie strusim w zaleznosci
od rodzaju pakowania oraz czasu przechowywania.

MAP1: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO2/10% No.
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Rysunek 6. Zmiany w aktywnosci (nmol/min/ml) reduktazy glutationowej (GR) w migsie strusim w
zaleznosci od rodzaju pakowania oraz czasu przechowywania.

MAP1: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO2/10% No.
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Rysunek 7. Zmiany (%) potencjatu zmiatania wolnego rodnika DPPH w migsie strusim w zalezno$ci od

rodzaju pakowania oraz czasu przechowywania.

MAPI: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO2/10% N..

Na podstawie uzyskanych wynikéw wykazano, ze poziom aktywno$ci enzymatycznej
dysmutazy ponadtlenkowej, peroksydazy glutationowej 1 reduktazy glutationowej w migsie
strusi zmniejszyt si¢ gtdéwnie po okresie 8-12 dni przechowywania w 3 systemach pakowania z
wyjatkiem MAP1 i MAP2 w przypadku SOD 1 GPx w vacuum, co wskazuje na obnizenie
potencjatu antyoksydacyjnego w mig$niach strusia. Z kolei wzrost aktywnosci enzymow GPx
w systemie prozniowym moze by¢ spowodowany wigkszym powinowactwem do neutralizacji

powstatych wtérnych wolnych rodnikow w badanych migéniach strusi.

5.4. Publikacja IV

Horbanczuk O.K., Wyrwisz J., Marchewka J., Lawinski M., Jozwik A., 2021. Lipid and
protein oxidation in ostrich meat under various packaging types during refrigerated storage and

in vitro gastrointestinal digestion. Animal Science Papers and Reports 39, 3, 251-259.
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Celem artykulu byta ocena zmian oksydacyjnych lipidéw i bialek w surowym migsie strusi,
jak 1 po trawieniu in vitro przechowywanym przez 16 dni w 3 wariantach pakowania

tj. vacuum oraz modyfikowana atmosfera (MAP) w dwdch kombinacjach gazéw.

Produkty utleniania powstajace podczas proceséw trawienia migsa niekorzystnie
wplywaja na stan zdrowia konsumentow. Dlatego wazne sg badania z tego zakresu. Utlenianie
lipidéow zostato okreslone z wykorzystaniem takich parametréow jak: aldehyd dimalonowy
(MDA), 4-hydroksy-2-nonenal (4-HNE) i heksanal (HEX), a utlenianie bialek w oparciu
gtéwnie o grupy karbonylowe (PCC). Szczegoty zalozen metodycznych realizowanych badan
1 szczegotowe wyniki badan wraz z tabelami zostaly przedstawione i1 opublikowane
w artykule z listy JCR (publikacja nr 4). Na podstawie uzyskanych wynikéw wykazano
zalezno$ci pomigdzy poziomem utleniania lipidéw wyrazonym w oparciu o takie parametry
jak: MDA (wykres 8), HEX (wykres 9), 4-HNE (wykres 10) i a sposobem pakowania

1 okresem przechowywania migsa strusia surowego oraz po trawieniu in vitro.

Aldehyd dimalonowy (MDA)

300.0 1000
250.0 350.0
300.0

200.0
250.0
150.0 200.0
100.0 150.0
100.0

50.0

ns,D NSb NS,b NS,b NS,c 50.0
0.0 -

kon vac MAP1 MAP2 vac A MAP1 MAP2 vac MAP1l MAP2 vac | MAP1 MAP2

kontrola 4 4 4 8 8 8 12 12 12 16 16 16

G IOWE === in Vitro

Rysunek 8. Warto$¢ aldehydu dimalonowego (MDA) (nmol /g) w surowym migsie oraz po trawieniu in vitro, w
zaleznosci od rodzaju pakowania oraz czasu przechowywania. Srednie wartosci rozniace sie literami dla dnia (A,
B, C, D) i dla systemu pakowania (a, b, ¢), wykazywaly istotne réznice na poziomie p < 0.05. Oznaczenia: NS i
ns wskazuja na brak istotnych roznic statystycznych wobec grupy kontrolne;.

MAP1: 40% 02/40% CO2/20% N2, MAP2: 60% 02/30% CO»/10% N, vac — pakowanie prozniowe.
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W przypadku MAP1 i MAP2 w surowym migsie strusi, jak réwniez po trawieniu in
vitro zaobserwowano istotny wzrost poziomu MDA, w czasie przechowywania, podczas gdy
wartosci tego parametru w probkach w vacuum utrzymywaly si¢ na zblizonym poziomie.
Wartos¢ MDA w surowym migsie strusi w vaccum byla stabilna podczas 16-dniowego
przechowywania (nie stwierdzono istotnych réznic w tym zakresie). Podobne wyniki dla migsa
strusi pakowanego w vacuum i MAP przechowywanego w 2°C przez 8 dni uzyskali Fernandez-
Lopez i wsp. [2006]. Ponadto w badaniach Seydima i wsp. [2006], w ktorych migso strusi, byto
pakowane prézniowo i przechowywane w temperaturze 4°C do 9 dni wystapilty mniejsze
zmiany utleniania lipidow w porownaniu z migsem pakowanym w systemie bez
modyfikowania atmosfery. Warto$¢ 4-HNE wzrosta w MAP1 i MAP2, natomiast w VAC bylta
zblizona podczas przechowywania (rysunek 9). Jest to zgodne z wynikami uzyskanymi dla
migsa gesi przechowywanego w vacuum 1 MAP, gdzie wyzsze tempo utleniania lipidow
stwierdzono w MAP [Orkusz i wsp. 2017]. W przypadku HEX (rysunek 10) wartosci tych
parametrow wzrosty podczas przechowywania. Sobral i wsp. [2020] wykazali w badaniach
migsa kurczat brojleréw, ze poziom HEX w po trawieniu in vitro byt dla MAP1 i MAP2 ponad
trzy razy wyzszy w 16 dniu przechowywania. Z kolei poziom PCC (rysunek 11) w migsie
surowym pakowanym w MAP1 i MAP 2 zwiekszyt si¢ takze w czasie przechowywania, ale w

mniejszym stopniu w poréwnaniu z analizowanymi wskaznikami oksydacji lipidow.

4-hydroksy-2-nonenal (4-HNE)

40,00 Aa 5,00
B,a AB‘a A,a AB,a A‘a

4,50

35,00
4,00

30,00
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20,00 2,50
15,00 2,00

ns,C

1,50

10,00
A,a 1,00
5,00 0,50
0,00 ~n5c  NSc NS,c NS,b NS.b 0,00

con vac MAP1 MAP2 vac MAP1 MAP2 vac MAP1  MAP2 | vac MAP1 MAP2
control 4 4 4 8 8 8 12 12 12 16 16 16

— QY s in Vitro

Rysunek 9. Warto$¢ 4-hydroksy-2-nonenalu (4-HNE) (umol/kg migsa) w surowym migsie oraz po trawieniu in
vitro, w zaleznosci od rodzaju pakowania oraz czasu przechowywania. Srednie wartoéci oznaczone literami dla
kazdego dnia (A, B, C), NS - brak istotnosci) i dla systemu pakowania (a, b, c,
ns - brak istotnos$ci), istotne réznice dla p < 0,05.

MAP1: 40% 02/40% CO2/20% N2, MAP2: 60% O2/30% CO2/10% N3, vac — pakowanie proézniowe.
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Heksanal (HEX)
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Rysunek 10. Warto$¢ heksanalu (HEX) (umol/kg migsa) w surowym migsie oraz po trawieniu in vitro, w zalezno$ci od rodzaju
pakowania oraz czasu przechowywania. Srednie wartoci oznaczone literami dla kazdego dnia (A, B, C,
NS - brak istotnos$ci) i dla systemu pakowania (a, b, ¢, ns - brak istotnosci), istotne réznice dla p < 0,05.

MAP1: 40% 02/40% CO2/20% N2, MAP2: 60% 0,/30% CO»/10% N, vac — pakowanie préozniowe.

Grupy karbonylowe (PCC)
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Rysunek 11. Wartos¢ grupy karbonylowe (PCC) (nmol DNPH/mg biatka) w surowym migsie oraz po trawieniu
in vitro, w zalezno$ci od rodzaju pakowania oraz czasu przechowywania. Srednie warto$ci oznaczone literami dla

kazdego dnia (A, B, C, NS - brak istotnosci) i dla systemu pakowania (a, b, c¢), istotne réznice dla p < 0,05.
MAPI1: 40% 0,/40% CO2/20% N2, MAP2: 60% 0,/30% CO»/10% N», vac — pakowanie prozniowe.
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Na podstawie uzyskanych wynikéw badan wykazano, ze rodzaj pakowania oraz czas
przechowywania istotnie wptywaja na poziom oksydacji lipidow i biatek w migsie strusi, jak
rowniez po trawieniu in vitro. W przypadku MAP1 i MAP2 w surowym migsie strusia
zaobserwowano istotny wzrost poziomu MDA, 4HNE oraz heksanalu (HEX) podczas
przechowywania, podczas gdy wartosci tych parametrow w vacuum utrzymywaly si¢ na

zblizonym poziomie. Podobne tendencje zaobserwowano dla migsa strusi po trawieniu in vitro.
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6. Stwierdzenia i wnioski

Na podstawie uzyskanych wynikow sformutowano nastepujace stwierdzenia 1 wnioski:

46

1.

Rodzaj pakowania oraz czas przechowywania istotnie wptywaja na profil kwasow
tluszczowych, cechy fizykochemiczne, jako$¢ mikrobiologiczng, poziom oksydacji
lipidoéw 1 biatek w migsie strusi, jak rowniez po trawieniu in vitro.

Najmniejszymi zmianami sktadu wielonienasyconych kwaséw thuszczowych z grupy n-
3 tj. kwasu linolenowego (C18:3), EPA (C20:5) i DHA (C22:6) podczas
przechowywania charakteryzowalo migso strusie pakowane prozniowo, wigkszymi w

MAP1 (40% 0,/40% CO,/20% N, ), a najwigkszymi pakowane w MAP2 (60% 02/30%
CO2/10% N»).

. Pakowanie migsa strusiego w vacuum w porownaniu do systeméw MAP2 oraz MAP1

powodowato podczas przechowywania uzyskanie najwickszego wycieku naturalnego,
ale stabilnej wartosci pH do 12 dnia przechowywania oraz najnizszej ogolnej liczby
drobnoustrojéw (TVC). W MAPI, gdzie zastosowano nizsza koncentracje Oz (40%) i
wyzsza CO2 (40%) stwierdzono nizszg warto$¢ TVC w porownaniu do systemu MAP2,
co moglto mie¢ zwigzek m.in. z odnotowywanym nizszym pH migsa strusia
przechowywanego w MAPI.

Pakowanie migsa strusia w MAP1 1 MAP2 w poréwnaniu do vacuum, zwigkszato
jasno$¢ barwy, nasycenie barwy czerwonej a* 1 zottej, co wigze si¢ z uzyskiwaniem
bardziej atrakcyjnej barwy dla konsumenta-

Poziom aktywnosci enzymatycznej SOD, GPx 1 GR w migsie strusi zmniejszyl si¢
glownie po okresie 12 dni we wszystkich badanych systemach pakowania z wyjatkiem
SOD w MAPI i GPx w vaccum, co wskazuje na obnizenie potencjatu
antyoksydacyjnego w migsniach strusia.

Migso strusie uprzednio zapakowane w systemie MAP1 i MAP2 charakteryzowalo si¢
istotnym wzrostem poziomu MDA, 4HNE oraz heksanalu (HEX) juz po 4 dniach
przechowywania, podczas gdy wartosci tych parametréw w vacuum utrzymywaly si¢
na zblizonym niskim poziomie. Podobne tendencje zaobserwowano dla migsa strusi po

trawieniu in vitro.
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Abstract: Ostrich meat is a high-quality dietetic product, however, it is very sensitive to deterioration
during storage. The aim of this study was to assess the effect of packaging systems on the fatty acid
(FA) profiles in ostrich meat during refrigerated storage. The systems were: Vacuum packaging
(VP) and modified atmosphere packaging (MAP) in two combinations of gases: MAP1 (40% O,/40%
CO,/20% Ny) and MAP2 (60% O,/30% CO,/10% N;). Samples were taken from the M. ilifibularis (IF)
muscles of eight ostriches in each treatment group. The packs were stored in a refrigerator at 2 °C
and analyzed at 0, 4, 8, 12 and 16 days. The packaging conditions and storage time had an impact on
the concentration of bioactive compounds such as polyunsaturated fatty acids (PUFA), including n-3
such as C18:3, C20:5 (EPA) and C22:6 (DHA). The least changes in composition of n-3 and the sum of
PUFA were recorded in ostrich meat packaged in vacuum, followed by that packaged using MAP1
and MAP2. The sum of n-6 PUFAs decreased significantly by 2.1% for MAP2, and only by 0.7% for
vacuum packaging as the experiment progressed. A significant deterioration of these compounds
was observed in all package systems, especially from day 12 until day 16 of storage.

Keywords: ostrich meat; PUFA; vacuum; modified atmosphere packaging; storage time

1. Introduction

A growing demand for ostrich meat has been observed globally over the last decades [1-5].
Popularity of ostrich meat can be attributed to the fact that it is recognized as a dietetic product,
characterized by low fat levels (less than 2 mg/100 g) [6], a lower calorific value of 390 kJ/100 g as
compared to beef (517 kJ/100 g), as well as a high share of polyunsaturated fatty acids (PUFA) [4].
For example, the PUFA content in ostrich meat (24-38% sum of fatty acids in total) reached higher
levels compared to chicken meat —19% and beef —4.8% (sum of fatty acids in total) [7]. In addition,
the ratio of saturated fatty acids (SFA) to monounsaturated fatty acids (MUFA) to PUFA in ostrich
meat is often 1:1:1, which is very important from a dietetic point of view. Cholesterol content in
ostrich meat is also lower in comparison to beef and chicken meat, with 54 mg/100 g as reported
for raw ostrich meat [4]. Moreover, ostrich meat is high in iron (4 mg/100 g), selenium, vitamin B,
and biologically active peptides, such as anserine [8-10]. Therefore, this type of meat has gained
the appreciation of consumers that are aware of its high dietary quality. However, the abundance of
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nutrient compounds in ostrich meat, including bioactive molecules such as PUFAs makes this meat
highly susceptible to oxidation processes [11-17]. The oxidative deterioration of PUFAs causes the
formation of hydroperoxides, which leads to formation of aldehydes, ketones, and other oxygenated
compounds, which are then considered to be responsible for the decrease of meat quality during
storage. Lipid oxidation is an important factor related to shelf life and consumer acceptance of fresh
meat [7]. One of the possible measures of retaining the optimal ostrich meat composition may include
the use of an effective packaging type to protect its nutritional properties [16]. However, up to date
research on ostrich meat shelf life quality, packaging type and its behavior during storage in relation to
its bioactive molecule composition, especially PUFAs, is still lacking. Therefore, the aim of this study
was to evaluate the influence of packaging systems: Vacuum packaging (VP) and modified atmosphere
packaging (MAP) in two combinations of gases: MAP1 (40% O5/40% CO,/20% N,) and MAP2 (60%
0,/30% CO,/10% Ny), on the fatty acid profiles of ostrich meat during refrigerated storage of up to
16 days.

2. Results and Discussion

2.1. Chemical Composition

The chemical composition of ostrich meat as an initial characterization of samples based on NIR
spectroscopy is presented in Table 1. The data are in agreement with Hoffman et al. [6], who found
ostrich meat contained 21.65%, 1.95%, and 1.2% of protein, fat and ash, respectively. Similar values in
the proximate composition of ostrich meat were also reported by Majewska et al. [18].

Table 1. Chemical composition (g/100 g edible portion) of raw ostrich meat (Mean =+ SE).

Parameters Mean + SE?

Moisture 75.40 + 0.26

Fat 1.95 +0.03
Protein 21.50 = 0.11
Ash 1.15+0.01

@ Standard error.

2.2. Fatty Acid Profile

As shown in Table 2, the concentration of individual SFA in ostrich meat did not differ significantly
depending on the storage duration and type of packaging (except for C16:0). The significant changes
in C16:0 levels between day 0 and 16 were only observed when meat was packaged under MAP2
conditions, while for vacuum packaging the change was by only 0.2%, followed by a 0.4-1% change
in MAP (Table 2). The same effects were observed for MUFA (Table 3). These fatty acids were not
generally affected by the type of packaging and storage duration. Only the palmitoleic acid (C16:1)
and eicosenoic acid (C20:1 n9) were influenced by the packaging conditions and storage duration, and
decreased over the course of storage time for MAP2 (C16:1 decreased from 7.90 percent on the initial
day to 7.00 percent on day 16, while the decrease for MAP1 and vacuum system was seen to a lesser
extent). Similar tendencies regarding palmitoleic acid were reported by Conchillo et al. [17] in chicken
meat during 6 days of storage time at the temperature of 4 °C. The results of our investigation are
also in agreement with the study carried out on ostrich meat packaged in vacuum and skin pack, and
stored up to 14 days by Polawska et al. [19], in which there were no significant differences in MUFA
values between the two systems of packaging: Vacuum vs skin pack.
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Table 2. Saturated fatty acids (SFA) composition (%) in the estimated total sum of fatty acid (FA) (mean
+ SE) in ostrich meat as related to the type of packaging and refrigerated storage.

Day
Fatty Acid (%)  Method
0 4 8 12 16
C14:0 MAP1 0.57 £ 0.12 0.57 = 0.09 0.57 £ 0.09 0.57 + 0.09 0.58 + 0.12
MAP2 0.57 £0.12 0.57 + 0.09 0.58 +0.12 0.59 £ 0.11 0.58 +0.12
Vacuum 0.57 £ 0.12 0.57 +0.10 0.57 + 0.08 0.57 £ 0.06 0.58 + 0.05
C15:0 MAP1 0.02 + 0.00 0.02 = 0.00 0.02 + 0.00 0.02 + 0.00 0.02 + 0.00

MAP2 0.02 + 0.00 0.02 £ 0.00 0.02 + 0.00 0.02 + 0.00 0.02 + 0.00
Vacuum 0.02 + 0.00 0.02 + 0.00 0.02 +0.00 0.02 + 0.00 0.02 + 0.00
C16:0 MAP1 21.37£0.21 2144 £0.10 21.53 £ 0.12 21.59 £ 0.12 21.71 £ 0.14b
MAP2 21.37 £0.21B 2142B+0.10 2145B+0.13 21.52B+0.12 2272 +0.07Aa
Vacuum 21.37 £0.21 2142 +£0.12 21.47 £ 010 21.50 £ 0.09 21.54 +0.15b
C17:0 MAP1 0.12 £ 0.00 0.12 + 0.00 0.13 + 0.00 0.12 £ 0.00 0.11 + 0.00
MAP2 0.12 + 0.00 0.11 + 0.00 0.11 + 0.00 0.11 + 0.00 0.11 + 0.00
Vacuum 0.12 + 0.00 0.12 +£ 0.00 0.12 + 0.00 0.11 + 0.00 0.11 + 0.00
C18:0 MAP1 9.81 + 0.08 9.84 + 0.09 9.87 + 0.08 9.90 + 0.06 9.99 + 0.08
MAP2 9.81 +0.08 9.88 +0.01 9.91 + 0.04 9.95+0.10 10.25 £ 0.11
Vacuum 9.81 +0.08 9.83 +0.09 9.85+0.02 9.88 £0.13 9.92 +£0.13

Mean values bearing different letters either for each day within rows (A, B) or between packaging systems
within columns (a, b) differ significantly at p < 0.05. ND, not detectable = [100 — }.(SFA + MUFA + PUFA)].
MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty acids. MAP1 (40% O2/40% C0O2/20% N2) and
MAP2 (60% O2/30% CO2/10% N2).

Ostrich meat is a relatively rich source of valuable PUFAs including n-3, as compared to beef and
chicken [20-22], which could be advantageous in its positive marketing. Intake of n-3 fatty acids reduces
the incidence of coronary disease, and allows for greater antithrombotic and antiatherogenic effects
than does the intake of the corresponding n-6 polyunsaturated fatty acids [4,23-25]. In the current
study, the packaging conditions had a significant impact on the concentration of n-3 polyunsaturated
fatty acids (Table 4), especially on C18:3, C20:4, C20:5 (EPA - eicosapentaenoic acid), C22:6 (DHA
- docosahexaenoic acid) which were influenced by the type of packaging and refrigerator storage
duration. In the case of C18:3, the significant change was observed for MAP2 (Table 4). Up to day
8 of the experiment, the changes were not statistically significant, however, a decrease in fatty acid
(FA) content resulting from the process of oxidation began to be noted between days 8, 12 and 16
of the experiment. It was noticed that vacuum packaging maintained the levels of DHA in ostrich
meat without any changes over the course of the experiment. In the case of EPA, the decrease of its
concentration over the 16 days of the experiment was also not statistically significant. On the other
hand, MAP1 allowed the above mentioned FA levels to be maintained up to day 12, with a drop to
0.43% in EPA afterwards. When packaged using MAP2, the level of EPA decreased significantly from
the initial 0.57% down to 0.33% on day 16. In line with this, a decrease in EPA during refrigerated
storage was also shown in the study on chicken meat conducted by Conchillo et al. [17].
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Table 3. MUFA composition (%) in the estimated total sum of FA (mean + SE) in ostrich meat as related

to the type of packaging and refrigerated storage.

Fatty Acid (%) Method Day
0 4 8 12 16
Cl4:1 MAP1 0.08 + 0.00 0.09 = 0.00 0.09 £ 0.00 0.08 = 0.00 0.06 + 0.00
MAP2 0.08 £ 0.00 0.08 £ 0.00 0.07 £ 0.00 0.08 £ 0.00 0.08 + 0.00
Vacuum  0.08 + 0.00 0.08 + 0.00 0.07 + 0.00 0.08 + 0.00 0.06 + 0.00
C15:1 MAP1 0.17 £ 0.01 0.17 £ 0.00 0.17 + 0.00 0.16 £ 0.01 0.16 + 0.01
MAP2 0.17 £ 0.01 0.17 £ 0.00 0.16 £ 0.01 0.15 £ 0.00 0.15+0.01
Vacuum 0.17 £ 0.01 0.17 £ 0.01 0.17 £ 0.00 0.16 £ 0.01 0.16 +£ 0.01
Cl6:1 MAP1 790 £ 0.09A 792+ 0.07A  7.59 £ 0.09AB 7.33 £ 0.07AB 7.15 £ 0.07Bb
MAP2 790 £ 0.09A  7.87 +0.01A 7.70 £ 0.04A 7.41 £ 0.14B 7.06 + 0.06Bb
Vacuum 790 +0.09A 793 £0.08A  7.65+ 0.06AB 7.52 £ 0.11B 7.43 + 0.08Ba
C18:1 n9t MAP1 0.25 £ 0.01 0.25 £ 0.00 0.26 + 0.01 0.28 £ 0.01 0.27 £ 0.01
MAP2 0.25+0.01 0.27 £ 0.01 0.27 £ 0.01 0.28 £ 0.01 0.28 +£0.01
Vacuum 0.25+0.01 0.25+0.01 0.26 +£0.01 0.26 = 0.00 0.27 £ 0.01
C18:1 n9%¢ MAP1 29.96 £ 0.15 30.02 £ 0.17 29.75 +£0.18 29.29 £0.14 2898 +0.17
MAP2 29.96 + 0.15 30.05 +£0.22 29.94 +0.17 29.72 £ 0.14 29.56 +£0.13
Vacuum  29.96 £ 0.15 29.93 +0.14 29.75 +0.15 29.41 £ 0.10 29.18 + 0.09
C20:1n9 MAP1 021+0.02B  0.23 +£0.01B 0.26 + 0.01AB 0.27 £ 0.01AB 0.30 = 0.01Aa
MAP2 0.21 £0.02 0.23 £0.01 0.26 +£0.01 0.25 +0.02 0.24 + 0.00b
Vacuum  0.21+0.02B 021 £0.00B  0.23 +0.00AB 025+ 0.01AB  0.27 + 0.01Aab

Mean values bearing different letters either for each day within rows (A, B) or between packaging systems within
columns (a, b) differ significantly at p < 0.05. ND, not detectable = [100 — }_(SFA + MUFA + PUFA)].

Similar tendencies were reported for the sum of PUFA, including total n-3 PUFA (Table 5). The sum
of n-6 PUFAs in our study decreased over the course of the experiment by 2.14% for MAP2, and only
by 0.7% for vacuum packaging. This further influenced the n-6/n-3 ratio, which in the case of vacuum
packaging did not change, but increased significantly for MAP2 (Table 5). A tendency for a decrease in
the content of PUFA during storage was shown by Potawska et al. [18], who assessed the fatty acid
profile of ostrich meat enriched in n-3 fatty acids, packaged in different types of packaging and stored in
arefrigerator for 14 days. In the investigation conducted on beef meat by Mahecha et al. [26], a decrease
in PUFA content of the longissimus muscle of German Simmental was demonstrated after 14 days of
storage. A decline in the PUFA content during storage was also reported by Echarte et al. [27] in pork
meat, as well as by Dal Bosco et al. [28] in rabbit meat after 8 days of storage. Interesting results were
also obtained in another study done by Dal Bosco et al. [29] who investigated the effect of diet (enriched
with linseed) and packaging system on the oxidative status and polyunsaturated fatty acid content of
rabbit meat during 10 days of storage under chilled conditions. After linseed supplementation of the
rabbit diet, the concentration of PUFA in fresh rabbit meat was significantly higher (36.9 vs 29.5% in
total sum of FA) than in control group. However, the higher level of total PUFA’s including C18:3,
C20:5 (EPA) and C22:6 (DHA) determined a significantly higher lipid oxidation and the decrease in
PUFA'’s content in meat during 10 days of storage. Thus, the results of our study are in agreement with
the findings of Dal Bosco et al. [29]. On the other hand, the use of stereospecific analysis of FA in the
study on rabbit meat done by D’Arco et al. [30] had positive effects on the FA profile, especially on the
long chain PUFAs.
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Table 4. PUFA composition (%) in the estimated total sum of FA (mean + SE) in ostrich meat as related

to the type of packaging and refrigerated storage.

Fatty Acid (%) Method Day
0 4 8 12 16

C18:2 n-6¢ MAP1 18.70 + 0.10 18.61 + 0.12 18.23 + 0.09 17.97 + 0.18 17.61+ 0.11

MAP2 18.70 £ 0.10 18.71 £ 0.14 18.04 £ 0.12 17.73 £ 0.20 172 £ 0.11

Vacuum 18.70 £ 0.10 18.67 + 0.01 18.44 + 0.07 18.11 + 0.11 17.92 £ 0.17

C18:3n-3 MAP1 1.98 + 0.04 1.97 +0.02 1.94 + 0.04 1.89 + 0.02a 1.83 + 0.03a
MAP2 1.98 + 0.04A 1.95 + 0.01A 1.89A + 0.02A 1.75 + 0.06Bb 1.46 + 0.03Cb

Vacuum 1.98 £ 0.04 1.97 + 0.03 1.95 + 0.02 1.93 + 0.03a 1.94 + 0.03a

C20:2n-6 MAP1 0.19 £ 0.01 0.19 £ 0.00 0.17 + 0.00 0.17 £ 0.00 0.16 + 0.00

MAP2 0.19 +£0.01 0.19 £ 0.01 0.18 £ 0.02 0.17 £ 0.00 0.18 £ 0.00

Vacuum 0.19 £ 0.01 0.19 £ 0.01 0.19 + 0.00 0.19 £ 0.01 0.17 +£ 0.00

C20:3n-6 MAP1 0.21 £ 0.01A 0.21 + 0.00A 0.19 £ 0.01A 0.17 + 0.00AB 0.15 + 0.00B
MAP2 021 £0.01A  0.21 £ 0.02A 0.19 +£ 0.01A 0.15 + 0.00Bb 0.14 + 0.00Bb

Vacuum 0.21 £0.01 0.21 £ 0.00 0.20 + 0.00 0.19 £ 0.006a 0.18 + 0.00a

C20:4 n-6 MAP1 5.44 + 0.05 5.42 +0.07 5.34 £ 0.07 5.30 £ 0.09 5.23 £ 0.05a
MAP2 5.44 + 0.06A  535A + 0.06A 5.19 + 0.03A 5.04 + 0.06B 4.79 + 0.13bB

Vacuum 5.44 + 0.05 5.41 + 0.05 5.39 £ 0.02 5.34 £ 0.06 5.32 £ 0.07a
C20:5 (EPA) MAP1 0.57 £ 0.01A 0.55 +£ 0.02A 0.53 + 0.02A 0.5+ 0.01Aa 0.43 + 0.01Bc
MAP2 057 +0.01A  0.57 £ 0.01A 0.55 + 0.02A 0.42 + 0.01Bb 0.33 + 0.01Cb

Vacuum 0.57 £0.01 0.56 £ 0.01 0.55 £ 0.01 0.52 £ 0.02a 0.51 £ 0.01a
C22:6 (DHA) MAP1 0.67 £ 0.02A 0.64 £ 0.01A 0.62 + 0.02A 0.59 + 0.02B 0.45 + 0.01Cb
MAP2 0.67 £0.02A  0.63 + 0.01A 0.61 + 0.02A 0.53 + 0.01Bb 0.25 + 0.09Cc

Vacuum 0.67 £0.02 0.67 £ 0.01 0.65 +0.01 0.63 £ 0.02a 0.65 £+ 0.09a

Mean values bearing different letters either for each day within rows (A, B, C) or between packaging systems within
columns (a, b, c) differ significantly at p < 0.05. ND, not detectable = [100 — }(SFA + MUFA + PUFA)].

Another study investigating the changes in fatty acid composition of ostrich meat enriched with
linseed and rapeseed—packaged in vacuum, frozen (-20 °C) and stored for 120 days [31]—showed a
decrease in PUFA levels of the meat, as related to frozen storage duration. The results suggest that
although freezing (20 °C) is an acceptable method for preservation of ostrich meat enriched with n-3
fatty acids, it should only be done for up to 60 days, as the negative changes in PUFA profiles began to
be observed only in the second period of storage (61-120 days).
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Table 5. Sum of estimated FA (%) and FA ratio (mean + SE) in ostrich meat as related to the type of
packaging and refrigerated storage.

Fatty Acid (%) Method Day
0 4 8 12 16

SFA MAP1 31.33 £0.21 3142 +0.15 31.55 £ 0.14 31.62 +£0.14 31.8 +0.16b
MAP2 31.33+0.21B  31.43 £ 0.11B 31.48 +0.18B 3159 £0.18B  33.08 + 0.09Aa

Vacuum 31.33+0.21 31.39 £ 0.19 31.46 + 0.09 31.52+0.19 31.58 + 0.24b

MUFA MAP1 38.56 £ 0.16 38.69 +£0.16 38.11 £0.21 3741 +0.13 36.91 £0.19

MAP2 38.56 £ 0.16 38.68 £ 0.21 38.39 +£0.20 37.88 £0.20 37.36 £0.17

Vacuum 38.56 £ 0.16 38.57 £ 0.16 38.13 £ 0.16 37.66 +0.13 37.37 £0.12
PUFA MAP1 28.48 + 0.10A 2830+ 0.16A 27.70 +0.14AB 2724 +0.18Ba  26.38 + 0.16Cb
MAP2 28.48 + 0.10A  2830+0.17B 2731 +0.13Cb  26.39 £0.16Db  24.69 + 0.21Ec
Vacuum  28.48 £ 0.10A  28.41 + 0.14A 28.08 + 0.07a 2761 +£0.13Ba  27.61 £ 0.13Ba
PUFA n-6 MAP1 2421 +0.11A 241+016A 23,63 +0.14AB 23.33 +£0.18B 2290 + 0.12Ba
MAP2 2421 +011A 2413 +0.19A  23.30+0.13B 22.85+0.19B  22.07 +£ 0.20Cb
Vacuum 2421 £ 0.11A 2415+ 0.13A 2390+ 0.07AB 2352+ 0.12B  23.52 + 0.12Ba

PUFA n-3 MAP1 3.21 £ 0.04A 3.16 £ 0.02A 3.09 £ 0.04A 2.98 + 0.02Aa 2.72 + 0.04Bb
MAP2 3.21 £ 0.04A 3.14 + 0.03A 3.05 + 0.04A 2.69 + 0.06bB 2.05 + 0.03Cc

Vacuum 3.21 £0.04 3.20 £ 0.03 3.15+0.03 3.08 £ 0.04a 3.08 £ 0.04a
PUFA n-6/n-3 MAP1 7.55 £0.12 7.63 £ 0.07B 7.66 £ 0.11B 7.84 + 0.10a 8.43 + 0.09Ab
MAP2 7.55 +0.12C 7.68 + 0.10C 7.66 + 0.13C 8.53+0.23Bb  10.78 + 0.13Aa

Vacuum 7.55 £0.12 7.55 £ 0.07 7.60 £ 0.09 7.65 £ 0.11a 7.65 £ 0.11c

Mean values bearing different letters either for each day within rows (A, B, C) or between packaging systems within
columns (a, b, c) differ significantly at p < 0.05. ND, not detectable = [100 — }(SFA + MUFA + PUFA)].

3. Materials and Methods

3.1. Samples and Packaging

Meat samples were taken from the Musculus ilifibularis (IF) of ostriches slaughtered at the age
of 10-12 months, at a weight range between 90 to 95 kg (8 in each group). The IF muscle was
excised (including the removal of external fat and visible connective tissue) from the carcasses 24 h
after slaughter and was cut into 2.5 cm thick steaks starting from the proximal side (sample weight:
150 + 15 g). The steaks were then randomly assigned to one of three packaging conditions:

(@) Vacuum packaging systems: Each steak was packaged individually in polyamide/polyethylene
(PA/PE) bags (thickness: 90um; size: 20/70 mm; oxygen permeability: 50 cm3/m?/24 h; CO,
permeability: 140 cm®/m?/24 h; water vapor permeability: 6-8 g/m?/24 h) within 1 min after
cutting, and vacuum packaged using a Vac-20SL2A packaging machine (Edesa Hostelera S.A.,
Barcelona, Spain). The in-package vacuum level was 2.5 kPa.

(b) Modified atmosphere packaging (MAP) in two combinations of gases, 40% O2/40% CO,/20%
N, (MAP1) and 60% O,/30% CO,/10% N; (MAP2). The steaks were placed on polyethylene
terephthalate/polyethylene (PET/PE) trays (parameters: 187 x 137 x 50 mm), and the film used
was a 44 pm thick polyethylene terephthalate/cast polypropylene + antifog (PET/CPP + AF)
laminate with maximum oxygen permeability not exceeding 10 cm3/m?/24 h/bar (EC04, Corenso,
Helsinki, Finland). Samples were packaged with an M3 packaging machine (Sealpack, Oldenburg,
Germany).
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The packs were stored in a refrigerator at 2 °C for the duration of the experiment, for up to 16
days. Samples were collected in three independent replicates, and analyzed at 0 (24 h after slaughter),
4, 8,12 and 16 days of storage.

3.2. Chemical Composition of Samples

NIR spectroscopy analysis was performed using NIRFlex Solids N-500 spectrophotometer (BUCHI
Labortechnik GmbH, Switzerland) to examine the chemical composition of the samples. Results were
expressed as percentage of protein, fat, moisture and ash. All six scans of each sample were examined
for consistency and then averaged.

3.3. Fatty Acid Analyses

The fat from the meat (intramuscular fat) was isolated using the Folch [32] method to determine
fatty acid composition. Fatty acids were extracted from homogenized samples (5 g) of muscles with
the chloroform-methanol (2:1 v/v). Fatty acid methyl esters (FAME) were analyzed using a GC-7890
AGILENT gas chromatograph equipped with a 60 m HEWLETT — PACKARD-88 capillary column
(AGILENT J&W GC Columns, USA- Part Number: 112-8867E) with 0.25 mm inner diameter and
0.20 pum film thickness. A 1 uL sample was injected at a split ratio of 1:40. Helium was used as a
carrier gas at a flow rate of 50 mL min~!. The injector and detector were both maintained at 260 °C.
Column oven temperature was programmed to increase from 140 °C (held for 5 min) at a rate of 4 °C
min~! to 190 °C, and then to 215 °C at a rate 0.8 °C min~!. Individual fatty acids were identified by
comparison of retention times to those of a standard FAME mixture (SUPELCO 37 Component FAME
Mix, SIGMA-ALDRICH Co), and expressed as the percentage (%) of FAME. A standard mixture
containing all FAs was used to prepare the stock solution. Calibration curves were produced from
all working standard sets by diluting half a volume with n-hexane. The stock solution of the internal
standard was prepared by dissolving 0.1 g eicosanoic acid (C20:0) in 10 mL hexane.

3.4. Statistical Analysis

A generalized linear mixed model analysis (repeated measures ANOVA) was performed on all
measured parameters including selected SFA, MUFA, PUFA and sum of fatty acid (%), and their
ratio, in order to determine the effect of packaging treatment as a fixed factor and storage time as a
repeated measure, as well as their interaction, on each variable. There were no outliers present in
the dataset. Normality and homogeneity of residual variance assumptions were checked and met
by all variables under investigation. A generalized linear mixed model analysis (repeated measures
ANOVA) was performed on all measured parameters in order to determine the effect of packaging
treatment and storage time on each variable. The validity of the models was tested using Akaike’s
information criterion. PROC GLIMMIX of SAS v 9.4 (SAS Institute Inc., Cary, NC, USA) including the
Tukey adjustment option was used to conduct the analysis. The least square means for all significant
effects in the models (p < 0.05) were computed using the LSMEANS option. The trend of a significant
effect was considered for p < 0.10.

4. Conclusions

The results of our study demonstrated that the type of packaging system: Vacuum packaging
and modified atmosphere packaging in two combinations of gases: 40% O5/40% CO,/20% N, (MAP1)
and 60% O,/30%C0O,/10% N, (MAP2), as well as storage duration, had an impact on the fatty acid
concentration, mainly PUFAs, including n-3 such as C18:3, C20:5 (EPA) and C22:6 (DHA). In the above
mentioned packaging conditions, significant decreases in FA levels were shown in the last quarter of
the storage period (from day 12 to day 16 of storage), while the highest oxidation stability related to the
n-3 sums of PUFA was recorded in ostrich meat packaged under vacuum, followed by that packaged
using MAP1 and MAP2.
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Abstract: The aim of this study was to evaluate the effect of the packaging system type on the physical
characteristics and microbial changes in ostrich meat during refrigerated storage. The applied pack-
aging systems were vacuum packaging (VP) and modified atmosphere packaging (MAP) using two
combinations of gases: MAP1 (40% Oy /40% CO,/20% Njy) and MAP2 (60% O, /30% CO,/10% Np).
Eight meat samples were obtained in three replicates for all parameters, except for pH, for which
six replicates were obtained from the M. ilifibularis (IF) muscle, and were stored in a refrigerator at
2 °C and analyzed at 0, 4, 8, 12 and 16 days for the effect of packaging methods on physical meat
quality. The initial pH (5.99) decreased at the end of the storage time for MAP1 to 5.81, whereas VP
was stable from day 0 to 12 and increased up to 6.08 on day 16. Regarding meat color, the L* value
increased during storage for MAP1 and MAP2 from 36.99 to 40.75 and 41.60, respectively, whereas it
declined for VP to 34.22. The same tendencies were reported for redness (a*) and yellowness (b*).
Drip loss was the lowest in MAP1 and highest in VP. The lowest total viable bacteria counts were
identified in VP, as compared to MAP1 and MAP2.

Keywords: ostrich meat; microbial quality; color; pH; cooking loss; drip loss; shear force

1. Introduction

Ostrich meat is recognized as a dietetic product with high nutritive value [1-3] and is
becoming increasingly popular, not only in South Africa but also in Asia, South America,
North America, and Europe [4-10]. Among European countries, Poland is one of the leaders
in production of ostrich meat, exporting ca. 500 tons per year [11]. This meat, dark red in
color, is characterized by higher pH (about 6) as compared to beef or pork [12-14]. The
relatively high pH value of ostrich meat negatively affects the quality of this meat during
storage [15-18]. In retail, meat is most often packed in vacuum and modified atmosphere
packaging. Vacuum packaging provides anaerobic conditions inside the package, which
leads to shelf-life extension and provides stable color [19,20]. MAP prolongs shelf life
with aerobic packaging conditions and results in a more attractive bright red color due to
myoglobin oxygenation [21]. Extended shelf life and meat safety aspects are very important
both for the meat industry and for the consumers [20]. However, until now, investigation
on ostrich meat quality, shelf life, packaging type and storage is still limited. Thus, the
aim of the study was to assess the changes in the physical characteristics and microbial
quality of ostrich meat packed in vacuum (VP) and modified atmosphere (MAP) using two
combinations of gases, O:CO;,:Np, i.e., 40:40:20 (MAP 1) and 60:30:10 (MAP 2), during
refrigerated storage up to 16 days.
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2. Results and Discussion
2.1. pH

The change in pH value as related to the storage time and type of packaging are
presented in Table 1. In the case of the modified atmosphere (MAP1) packaging system
using a combination of gases (02:CO,:Npy, i.e., 40:40:20), the initial pH (5.99) on day 0
decreased at the end of storage time (on 16 day) to 5.81 (p < 0.05). The pH value was lower
in MAP1 (p < 0.05) as compared to vacuum packaging on days 8, 12 and 16 (Table 1). A
significant decrease in the pH value occurred in the samples stored in the MAP1 system
(p < 0.05), probably due to the higher concentration of CO, (40%) in the package. CO,,
by dissolving in the aqueous phase of meat, builds carbonic acid, which lowers the pH
of meat [22]. In vacuum packaging (VP), pH was stable between day 0 to 12, whereas it
increased on the 16th day of storage up to 6.08 (p < 0.05). The increase in pH may be due
to advanced proteolysis occurring in the vacuum-packed long-stored meat [23]. Proteins in
meat with higher pH value have a higher water binding capacity, which could lead to a
lower level of free water in the spaces between swelling muscle fibers [24].

Table 1. pH and color coordinates (L*, a* and b*) of ostrich meat, as related to the type of packaging and refrigerated storage

(mean value + SEM).

Day
Parameter Method
0 4 8 12 16
pH MAP1 5.99 +0.00 A 5.90 + 0.00 4B 5.89 + 0.00 ABP 5.85 + 0.00 BP 5.81 4 0.01 BP
MAP2 5.99 + 0.00 5.95 + 0.00 5.92 + 0.00 @b 5.91 + 0.01 2P 5.93 £+ 0.012b
Vacuum 599 + 0.00 B 5.98 £+ 0.00 B 6.02 + 0.01 Aba 6.00 £+ 0.01 ABa 6.08 £ 0.00 A2
L* MAP1 36.99 +0.12B 36.30 + 0.15 Bb 41.02 + 0.49 A2 40.66 + 0.19 A2 40.75 + 0.10 A2
MAP2 36.99 +0.12 € 39.50 + 0.07 Ba 40.41 + 0.07 Ba 41.06 + 0.07 A2 41.60 +0.11 A2
Vacuum 3699 +£0.1248 37394+ 0.134P 3685+ 0.094BP 3629 + (.10 BP 34.22 +0.20 ©b
a* MAP1 19.97 + 0.39 B 21.13+0.1142 2073 +£0.114B2 2056+ 0.114B2 2050 + 0.06 AB2
MAP2 19.97 +0.39 B 21.75 + 0.28 A2 20.74 + 0.18 B2 20.74 + 0.19 Ba 20.64 + 0.06 B2
Vacuum 19.97 £ 0.394  19.47 + 0.16 ABP 18.97 4+ 0.21 BP 19.12 + 0.26 ABb 1958 + 0.21 ABb
b* MAP1 8.43 +0.07B 9.90 &+ 0.21 Aab 9.93 + 0.08 Aab 9.87 + 0.07 Aab 9.93 + 0.05 A2
MAP2 8.43 +0.07B 10.80 & 0.05 A2 10.68 & 0.04 A2 10.41 £+ 0.10 A2 10.31 & 0.07 A
Vacuum 8.43 £ 0.07 8.18 +£0.08° 821 +0.12P 8.11+0.14b 8.01 +£0.03P

Mean values bearing different letters either for each day within rows (A, B, C) or between packaging systems within columns (a, b, c) differ

significantly at p < 0.05.

It should be noted that Fernandez-Lopez et al. [15], who carried out research on ostrich
steaks stored in four different packaging types: air exposure, vacuum and two different
modified atmosphere packages (MAP: 80% CO; + 20% N, and MAP + CO: 30% CO, +
69.8% argon + 0.2% CO), demonstrated a decline in pH in all types of packaging during
storage time. Results similar to this study for vacuum-packed ostrich meat were obtained
by Thomas et al. [25], who stored this meat up to 12 days at 4 °C.

2.2. Color Parameters

Overall, the L* (lightness) increased (p < 0.05) during the storage for MAP1 and MAP2
(from 36.99 to 40.75 and 41.60, respectively), while for VP it decreased from day 12 onwards
(34.22; p < 0.05). The L* value was significantly higher (p < 0.05) in ostrich samples
packed in the MAP1 and MAP2 systems from the eighth day of storage as compared to VP
(Table 1).

The redness of the investigated ostrich muscles in MAP1 and MAP2 increased signif-
icantly (p < 0.05) on the fourth day of storage, likely due to myoglobin being converted
into oxymyoglobin form. However, further storage caused a decrease in redness, which
may be associated with a relatively high concentration of O,, which leads to oxidation of
oxymyoglobin (formed up to day 4) into metmyoglobin; this results in a lower redness
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(lower a*) [26]. The value of b* was the lowest in the vacuum-packaging system compared
to MAP2. Changes in muscle color during storage might be explained by the color of mus-
cle tissue being conditioned by reflectance light of free water and the degree of oxidation
of myoglobin [27]. A comparable trend of L* was found by Leygonie et al. [28] in stored
frozen vacuum-packed ostrich meat, but the a* and b* values were almost on the same level.
Seydim et al. [16], in their research on the effect of packaging on shelf-life quality of ground
ostrich meat, stated that in vacuum packages the meat was darker (lower L*) as compared
to 80% of O, in MAP packages (higher L*). Similar changes in the a* and b* values in beef
steaks packed in vacuum and MAP stored at 2 °C were reported by Lopacka et al. [29].
Filgueras et al. [30], in a study conducted on frozen vacuum-packed rhea meat stored for
180 days at —80 °C, reported a decline in L*, a* and b* coordinates.

2.3. Drip Loss

The drip loss (%) of ostrich meat is shown in Table 2. Significant differences in drip
loss (p < 0.05) depending on the type of packaging and storage time were observed. In all
packaging systems, the drip loss steadily increased throughout storage time. The highest
rate of water losses during storage, as expressed by the drip loss, was observed in vacuum-
packed ostrich muscles from 1.80% on day 4 to 3.62% on day 16 (p < 0.05) as compared
to the MAP1 and MAP2 packaging systems, where these values increased significantly
in MAP1 from 1.43% on day 4 to 2.71% on the day 16, and in MAP2 from 1.61% on day
4 to 3.33% on the day 16. Moreover, only in case of the vacuum-packaging system were
significant differences observed in the last period of the experimental storage, i.e., between
day 12 and day 16.

Table 2. Drip loss (%), cooking loss (%) and tenderness as a WBSF (N) in ostrich meat, as related to the type of packaging

and refrigerated storage (mean value &+ SEM).

Day
Parameter Method
0 4 8 12 16
Drip loss MAP1 - 143 +£0.018¢  165+0.018¢ 221400148 271 +0.004¢
MAP2 - 1.61 +£0.00B> 201 +0.014BP 250 +0004PP  333+0.0145P
Vacuum - 1.80 £ 0.02%2 218+ 0.03BCa 260+ 0.03Ba 3.62 +0.01 A2
Cooking loss MAP1 32.95 + 0.24 34.48 +0.23 35.51 + 0.11 36.10 =+ 0.01 36.31 + 0.05
MAP2 32.95 + 0.24 34.73 £+ 0.01 35.64 + 0.02 36.23 & 0.20 36.35 + 0.04
Vacuum 3295+ 0248  3502+0114B 3621 +0294B  36.65+0.184 37.61 £0.39 A
WBSF MAP1 33.28 + 0.32 31.87 + 0.18 31.40 £ 0.19 30.92 +£0.222 30.22 £ 0.032
MAP2 33.28 + 0.32 31.77 £ 0.15 31.66 + 0.30 31.29 +0.172 31.07 £ 0.252
Vacuum 33.28 £0.32 4 30.39 +£0.14 B 30.29 +£0.088 2859 +0.15P 28.38 4+ 0.08 P

Mean values bearing different letters either for each day within rows (A, B, C) or between packaging systems within columns (a, b, c) differ

significantly at p < 0.05.

Leygonie et al. [28] also noticed the increase in drip loss during storage time in frozen
vacuum-packed ostrich meat stored for a month at —20 °C before thawing. However,
Zakrys-Waliwander et al. [31], in their research on beef, found that drip loss was greater in
MAP, but with a high oxygen level (80% of O;) relative to vacuum. Muscle tissue shows
maximum water absorption and binding capacity immediately after slaughtering, which is
related to its unchanged structure [32]. During vacuum packaging, the pressure generated
in the intermicellar structures of the muscles increases the loss of water from the meat
outside, thus increasing the drip loss [33]. As a consequence, the relatively high drip
loss and slightly elevated pH during storage in the vacuum system negatively affect the
processing quality of the ostrich meat.

2.4. Cooking Loss

Losses which occur during cooking depend on the storage; generally, the rate of drip of
meat juice is higher due to increased storage time [34]. However, for this parameter, a signif-
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icant increase (p < 0.05) was observed only in the samples previously stored in the vacuum
system on day 12 and 16 of refrigerated storage. This fact may be related to postmortem
proteolysis, which leads to a weakening of the myofibrils that affect water distribution [35].
Similar tendencies were shown in the study conducted by Leygonie et al. [28].

2.5. WBSF

The initial WBSF value of ostrich meat in this study was 33.28 (N). The WBSF value
decreased for all types of packaging during storage time (Table 2). Significant differences
(p < 0.05) were observed only in VP on day 12 and 16 of storage. In both MAP1 and MAP2,
there were no significant changes in WBSF during storage, which could be caused by the
presence of O, in the packaging system. The higher oxygen content in packaging could
increase protein aggregation and resulted in a lower proteolysis rate [36]. The higher value
of WBSF in both packaging with modified atmosphere could be justified by a deceleration
of proteolytic changes in muscles stored in the packaging with a modified atmosphere
and higher oxygen concentration [37]. In relation to Destefanis et al. [38], who classified
red meat into five groups of tenderness from very tender (WBSF < 32.96 N) to very hard
(WBSF > 62.59 N), the ostrich meat samples in our study can be described as very tender
after four days of storage, especially for the vacuum-packed samples (WBSFyp = 30.39 N;
WBSFyap1 = 31.87 N; WBSFyap2 = 31.77 N).

2.6. Microbial Quality

Changes in the counts of total viable count (TVC) are demonstrated in Figure 1.
The TVC in the ostrich muscle samples significantly increased (p < 0.05) in each of the
packaging methods during the experimental storage days. The lowest TVC was identified
in VP, as compared to the two other methods. For the MAP2 packaging system, the TVC
load was higher as compared to VP and MAP1, and on day 16 it increased to the level of
6.75 log CFU/g. The highest value of TVC in MAP2 can be associated with the highest
concentration of the oxygen in this packaging system (60%), as compared to the other types
of packaging. The relatively higher level of oxygen in this packaging system affected TVC
growth, whereas CO, had antimicrobial effects [22]. In another study on ostrich meat,
Seydim et al. [16] also demonstrated that, after 10 days of storage, TVC growth was higher
where the level of oxygen was 80% (air package system) in comparison with MAP with
a lower concentration of O,. It should be noted that an EU report [39] also stated that
modified atmosphere packaging (MAP) systems have proven to enhance product quality
by inhibiting the growth of bacteria or of some pathogens.

A higher value of TVC in MAP packaging systems was obtained by Bingol et al. [40]
during the storage of ostrich meat at 10 days. However, the initial TVC at day 0 in their
investigations was higher (over 4 log CFU/g) as related to our study (3.1 log CFU/g),
and the ostrich meat was stored at 4 °C compared to 2 °C in the current research. Ostrich
carcasses had higher total viable counts of bacteria than beef carcasses, indicating more
processing contamination for ostrich slaughter in a small abattoir. Sanitation and tem-
perature were stated as being the most critical factors affecting the shelf life of products
with or without modified atmosphere packaging conditions [41]. Currently, ostriches are
mainly slaughtered in a special abattoir with EU certification. For example, ostrich meat
produced in Poland is mostly exported to Western Europe and must fulfill special hygienic
and sanitation requirements [20]. Moreover, as was mentioned by Alonso-Calleja et al. [42],
Capita et al. [43] and Gonzalez-Montalvo [44], the relatively high microbial load recorded
in ostrich meat in comparison with other red meats has been attributed to the high pH of
the ostrich meat, which creates a good environment for fast microbial spoilage in some
packaging systems.
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Total viable count (log CFU/g)

+MAPl =MAP2 mVAC

Figure 1. Total viable count (log CFU/g) in ostrich meat, as related to the type of packaging and
refrigerated storage (mean value + SEM). Mean values bearing different letters either between days
(A-E) or between packaging systems (a—d) differ significantly at p < 0.05.

3. Material and Methods
3.1. Samples and Packaging

Meat samples were obtained from the M. ilifibularis (IF) of 8 male ostriches, slaugh-
tered at the age of 10-12 months, weighing from 90 to 95 kg. The slaughter procedure and
carcass handling of the ostriches were described by Horbanczuk [45]. The IF muscle was
excised (removal of external fat and visible connective tissue) from carcasses 24 h after
slaughter and was cut, starting from the proximal side, into 2.5 cm thick steaks (sample
weight: 150 g + 15 g). Then, each group of 8 steaks was cut into three parts and assigned
to one of three packaging systems (vacuum packaging and two conditions of modified
atmosphere packaging).

Vacuum-packaging systems: Each meat sample was packed individually in PA/PE
bags (thickness 90 um (20/70), oxygen permeability 50 cm3/m? /24 h, CO, permeability
140 cm®/m? /24 h, and water vapor permeability 6-8 g/m?/24 h) within 1 min after cutting
and vacuum-packaged using a Vac-20SL2A packaging machine (Edesa Hostelera S.A.,
Barcelona, Spain). The in-package vacuum level was 2.5 kPa.

Modified atmosphere packaging (MAP) was carried out with two combinations of
gases, 07:C0O,:Np—40:40:20 (MAP1) and 60:30:10 (MAP?2), respectively. The steaks were
placed on PET/PE trays (parameters: 187 x 137 x 50 mm), and the film used was a
44 pm thick PET/CPP + AF laminate with maximum oxygen permeability not exceeding
10 cm3®/m?2 /24 h/bar (EC04, Corenso, Helsinki, Finland). Meat samples were packed with
an M3 packaging machine (Sealpack, Oldenburg, Germany).

The samples were stored in a refrigerator at 2 °C during the experiment for up to
16 days. Samples were collected in three independent replicates and analyzed at 0 (24 h
after slaughter), 4, 8, 12 and 16 days of storage.

3.2. pH

The pH value of the muscles was measured in the middle part of each muscle, accord-
ing to the PN-ISO 2917:1999 [46] standard. Results of the pH metric were obtained using a
Testo 205 series pH meter equipped with a glass electrode, which was placed directly into
the samples (2 cm deep into the steaks). Each measurement was performed in 6 repetitions,
taking the mean value as the assay result.
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3.3. Color Parameters

The instrumental color analysis of ostrich meat was performed using a Minolta CR-400
chromometer calibrated against a white plate (L* = 98.45, a* = —0.10, b* = —0.13), using
an 8 mm aperture illuminate D 65 (6500 K color temperature) at a standard observation
of 2°. Meat color was expressed as: L* (lightness ranged from 0 to 100), a* (color axis
ranged from greenness (—a*) to redness (+a*)), and b* (color axis ranged from blueness
(—b*) to yellowness (+b*)). Color measurements of the steak were taken from each location,
including every quarter and the centers of the surfaces. Data were collected directly after
opening the package [16] under refrigerated conditions (2 + 1 °C).

3.4. Drip Loss

Muscle weight loss during storage time was determined on the basis of the difference
in weight before storage (My) and after storage (M;). All samples were gently blotted with
tissue paper prior to weighing. Drip loss (D) was calculated using the equation:

(Mp —My)
Dy, = ——————= %1009
L MO X Yo

3.5. Warner—Bratzler Shear Force Determination (WBSF)

After the respective storage time, at 0 (24 h after slaughter), 4, 8, 12 and 16 days of stor-
age meat samples were prepared for shear force analysis according to Wyrwisz et al. [47].
The steaks (100 g £ 10 g) were cooked individually in closed PA /PE bags immersed in a
water bath (Memmert, WNE 14, Schwabach, Germany) at 80 °C to achieve a final internal
temperature of 73 °C, and then were subsequently cooled down in cold water and stored
overnight at 2 £ 1 °C. Instrumental measurement of WBSF was conducted using a univer-
sal testing machine, Instron (Model 5965, Norwood, MA, USA), with a Warner—Bratzler
shear attachment, consisting of a V-notch blade, according to Wyrwisz et al. [27]. The cores
(1.27 cm in diameter and 2.5 £ 0.2 cm in length) were obtained from each steak, parallel to
the muscle fiber’s orientation. A 500 N load cell was used, and the crosshead speed was
set at 200 mm/min.

3.6. Cooking Loss

The percentage of cooking loss (CL) was determined through the measurement of sam-
ple mass before (M;) and after heat treatment (80 °C) after cooling to ambient temperature
(Mf). CL was calculated according to the equation:

_ M 0
CL = (1 M) % 100%

i

3.7. Microbial Quality

Microbiological analysis of the ostrich meat was carried out every four days of storage,
including total viable bacteria (TVC). Meat samples were taken from each packaging
system and transported under continued refrigeration to an accredited laboratory where
measurements were performed in triplicate in accordance with the PN-EN ISO 4833-1:2013-
12 [48] standard for TVC; results were expressed as log10 CFU/g ostrich meat. The shelf
life of the product was estimated on the basis of the limit of acceptability of 107 bacteria/g
according to ICMSF (1986) [49].

3.8. Statistical Analysis

A generalized linear mixed-model analysis (repeated measures ANOVA) was per-
formed on all measured parameters including physical and microbial parameters in order
to determine the fixed effect of packaging treatment and storage time as a repeated mea-
sure, as well as their interaction. Ostriches” identity (bird number) was included in the
model as a random factor. There were no outliers present in the dataset. Normality and
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homogeneity of residual variance assumptions were checked using the Shapiro test and
examination of the normal plot, and these were met by all variables under investigation.
PROC GLIMMIX of SAS v 9.4 (SAS Institute Inc., Cary, NC, USA) including the Tukey’s
adjustment option was used to conduct the analysis. The validity of the models was tested
using Akaike’s information criterion. The least square means for all significant effects in
the models (p < 0.05) were computed using the LSMEANS option. For all analyses, results
are reported as means =+ standard error of the mean (SEM).

4. Conclusions

The results from this study indicate that packaging systems including vacuum pack-
aging (VP) and modified atmosphere packaging (MAP) using two combinations of gases:
MAP1 (40% O, /40% CO,/20% N3) and MAP2 (60% O, /30% CO,/10% N3), and storage
time had an influence on the physical features and microbial quality of ostrich meat, namely,
pH, color (L*, a* b*) and drip loss, which was the least in MAP1. Both the MAP1 and
MAP?2 systems affected color lightening and stabilizing redness (a*). The lowest total viable
count of bacteria load was identified in VP, in comparison to MAP1 and MAP2. These data
may help the ostrich meat industry to improve their packaging and storage operations
while providing consumers with the highest quality ostrich meat products.
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Abstract: The aim of the study was to investigate the changes in the activity of antioxidant enzymes,
i.e., superoxide dismutase (SOD), glutathione peroxidase (GPx) and glutathione reductase (GR), and
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity in ostrich meat, as influenced
by various packaging systems and storage time under refrigeration. Three packaging methods were
used: vacuum packaging (VP) and modified atmosphere packaging (MAP) in two combinations of
gases, MAP1 (40% O, /40% CO, /20% Nj) and MAP2 (60% O, /30% CO,/10% Nj). Meat samples
were taken from the M. ilifibularis (IF) muscles of eight ostriches in each treatment group. The meat
samples were stored in a refrigerator in 2 °C and analyzed at days 0, 4, 8, 12 and 16. The lowest level
of SOD activity during storage was observed in ostrich muscles packed in vacuum, as compared to
MAP1 and MAP2. In turn, the highest increase in GPx activity was recorded in VP, especially up
to day 8 of storage, when this parameter reached maximum value (54.37). GR increased up to the
eighth day of storage in MAP1 and VP. Between the 12th and 16th days of storage, stabilization of the
GR activity level was observed only in VP, while under MAP1, it further decreased. DPPH remained
relatively stable until the eighth day of storage and after this period, a decrease in this parameter was
recorded, reaching the lowest value on day 12 for all types of packaging systems.

Keywords: antioxidant enzymes; ostrich meat; type of packaging; storage time

1. Introduction

Meat contains multiple initiators and catalysts of oxidation. One of them is heme
iron, a major catalyst for the initiation of lipid peroxidation by generation of hydroxyl
radicals [1-3]. The oxidation level in meat depends also on its content of other prooxidants,
especially polyunsaturated fatty acids [4]. It should be stressed that either iron or PUFAs
are present in relatively large amounts in ostrich meat [5-13]. Thus, this meat type is highly
vulnerable to oxidative changes [14-16]. Oxidation processes can decrease the nutritional
quality of meat and lead to meat quality deterioration, which results in the development of
off-flavors and rancidity [17,18]. Some oxidation products can be even toxic for consumers.
Therefore, it is very important to prevent the inception of the oxidation processes and
establishment of their potentially toxic products (Figure 1).

Endogenous antioxidant enzymes, e.g., superoxide dismutase (SOD) or glutathione
peroxidase (GPx), can control the meat oxidation processes [19-21]. For example, GPx can
decompose both hydrogen peroxides and lipoperoxides formed during lipid oxidation [22].
This enzyme is also active in post mortem muscle tissue [23] and plays an important role
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during storage and processing of meat by preventing the oxidation of oxymyoglobin to
metmyoglobin [24,25], which leads to negative changes in meat color. Generally, antioxi-
dant enzymes’ activity in meat can differ among production animal species and muscle
types, as well as among different packaging conditions and systems [26-28]. However,
in the currently available literature, there is a shortage of knowledge about the activity
of antioxidant enzymes in ostrich meat in relation to the type of packaging and storage
time. Thus, the aim of the study was to investigate the changes in the activity of super-
oxide dismutase (SOD), glutathione peroxidase (GPx), glutathione reductase (GR) and
DDPH in ostrich muscles, as influenced by various packaging systems and storage time

under refrigeration.
GSSG—\\\\\\//////-NADPH
GR

2GSH

4H,0

r
\.

NADP+

Figure 1. The roles of SOD, GPX and GR in the antioxidant defense enzyme system.

2. Material and Methods
2.1. Samples and Packaging

Meat samples were obtained from the Musculus ilifibularis (IF) of ostriches slaughtered
at the age of 10-12 months, weighing between 90 to 95 kg (8 in each group). The IF muscle
was excised and the external fat and visible connective tissue were removed from the
carcasses 24 h after slaughter. The muscle was cut into 2.5 cm thick steaks starting from the
proximal side (sample weight: 150 & 15 g). Afterwards, the steaks were assigned randomly
to one of the three packaging conditions. (a) In vacuum packaging systems, each steak was
packaged individually in polyamide/polyethylene (PA/PE) bags (thickness: 90 um; size:
20/70 mm; CO, permeability: 140 cm3/m? /24 h; oxygen permeability: 50 cm®/m? /24 h;
water vapor permeability: 6-8 g/m?/24 h) 1 min after cutting, and vacuum packed using a
Vac-20SL2A packaging machine (Edesa Hostelera S.A., Barcelona, Spain). The in-package
vacuum level was 2.5 kPa. (b) For modified atmosphere packaging (MAP) we used two
gases combinations, 40% O3 /40% CO,/20% Ny (MAP1) and 60% O /30% CO,/10% Ny
(MAP2). The steaks were placed on polyethylene terephthalate/polyethylene (PET/PE)
trays (parameters: 187 x 137 x 50 mm), and the film used was a 44 pum thick polyethylene
terephthalate/cast polypropylene + antifog (PET/CPP + AF) laminate with maximum oxy-
gen permeability not exceeding 10 cm®/m? /24 h /bar (EC04, Corenso, Helsinki, Finland).
Samples were packed using a M3 packaging machine (Sealpack, Oldenburg, Germany).
The packs were stored in a refrigerator at 2 °C for the duration of the experiment, for up to
16 days. Samples collected in three independent replicates were analyzed at 0 (24 h after
slaughter), 4, 8, 12 and 16 days of storage.
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2.2. Superoxide Dismutase (SOD) Assay Procedure

Muscle tissue perfusion was conducted in PBS buffer, at pH 7.4. Homogenization was
executed in 5 mL of a 20 mM HEPES buffer (pH 7.2, 1 mM EDTA 210 mM mannitol, 70 mM
sucrose per 1 g of tissue), chilled to 4 °C. After that, obtained homogenates were centrifuged
at 2500 x g for 15 min at the temperature of 4 °C. To prevent uncontrolled reaction initiation,
it is crucial to store samples on ice until the analysis will be started. Assay procedure was
performed with the Superoxide Dismutase Assay Kit, Item No. 706002 (Cayman Chemical
Company; Ann Arbor, MI, USA). Measurement of absorbance was made with the help of a
microplate reader Synergy4 (Biotek; Winooski, VT 05404 USA). Total activity of SOD was
expressed in U/mL.

2.3. Determination of Glutathione Peroxidase (GPx)

Perfusion of meat samples was performed using a PBS bulffer, at pH 7.4. The tissue
was homogenized in 5 mL of buffer, chilled to 4 °C, consisting of 50 mM Tris-HCL, 5 mM
EDTA and 1 mM DTT. Centrifuging of samples proceeded at 10.000x g for 15 min at the
temperature of 4 °C. The supernatant obtained was until the analysis stored on ice. In
order to mark the activity of GPx in blood, the material was collected to individual sterile
test tubes containing heparin (NHy). The samples were centrifuged at 1.000x g for 10 min
at the temperature of 4 °C. The activity of GPx was marked using the Cayman Chemical
Company test. The oxidation reaction of NADPH to NADP* enables the detection of
changes in absorbance (A340). Reading of absorbance and measurement of reaction kinetics
was performed using a microplate reader Synergy4 by Biotek. The results were calculated
using the Genb software. The activity of GPx was expressed in nmol/min/mL.

2.4. Determination of Glutathione Reductase (GR)

Homogenized were 0.1 g tissues on ice in 0.5-1.0 mL cold assay buffer, or 1 x 100 cells,
or 0.2 mL, and in the next step centrifugation was performed at 10,000 x g for 15 min at
4 °C. The supernatant for assay was collected and stored on ice.

Glutathione reductase was assayed according to the method recommended from the
Glutathione reductase (GR) assay kit (Cayman Chemical Company). The assay mixture
consisted of 0.1 M potassium phosphate buffer (pH 7.4), 1 mM GSSG, 1 mM EDTA, 0.16 mM
NADPH and an appropriate amount of the enzyme source. NADPH oxidation was
monitored at 340 nm. The enzyme activity was expressed as nmol/min per mg protein. A
standard curve was constructed using pure glutathione reductase (Sigma G4751, St. Louis,
MO, USA). Reading of absorbance and measurement of reaction kinetics was performed
using a microplate reader Synergy4 by Biotek. The results were calculated using the Gen5
software. The activity of GR was expressed in nmol/min/mL.

2.5. Potential to Scavenge the Free DPPH Radical

The antioxidative activity of the analyzed samples was tested based on an assay
procedure using a synthetic DPPH radical (1,1-diphenyl-2-picrylhydrazyl). Muscle tissue
perfusion was made with PBS buffer, pH 7.4. Afterwards, 1 g of the muscle was homoge-
nized in 10 mL of cold (4 °C) ultra-pure ethanol. Homogenates were aerated with nitrogen
and sealed. The prepared material was for 2 h extracted at the temperature of 40 °C in an
ultrasonic bath. The tubes were next cooled and the samples were centrifuged at 4000x g
for 15 min at 4 °C. To 0.5 mL of thus prepared supernatant, 0.5 mL of an ethanolic solution
of 1,1-diphenyl-2-picrylhydrazyl (0.5 mM) was added, that had previously been diluted
to ensure its absorbance of ca. 0.9 at the wavelength of A = 517 nm. The samples were
thoroughly mixed and left in a dark, cool place for 30 min for color stabilization. Extinction
measurements were conducted using a Cary Win UV spectrophotometer (Varian Inc., New
South Wales, Australia), at the wavelength of 517 nm.
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2.6. Statistical Analysis

A generalized linear mixed-model analysis (repeated measures ANOVA) was per-
formed on all measured parameters in order to determine the fixed effect of packaging
treatment and storage time as a repeated measure, as well as their interaction. Ostriches’
identity (bird number) was included in the model as a random factor. There were no out-
liers present in the dataset. Normality and homogeneity of residual variance assumptions
were checked using the Shapiro test and examination of the normal plot, and these were
met by all variables under investigation. PROC GLIMMIX of SAS v 9.4 (SAS Institute Inc.,
Cary, NC, USA) including Tukey’s adjustment option was used to conduct the analysis.
The validity of the models was tested using Akaike’s information criterion. The least
square means for all significant effects in the models (p < 0.05) were computed using the
LSMEANS option. For all analyses, results are reported as means =+ standard error of the
mean (SEM).

3. Results and Discussion

The changes in the activity of superoxide dismutase (SOD), glutathione peroxidase
(GPx), glutathione reductase (GR) and potential of free radical scavenging (DPPH), as in-
fluenced by various packaging systems and storage time under refrigeration are presented
in Figures 2-5.

d4 ds di12 di6
day

Hfresh Bvac BMAP1 ERMAP2

Figure 2. Changes in the activity (U/mL) of superoxide dismutase (SOD) in ostrich meat as influenced by the type of
packaging and storage time in refrigeration.
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Figure 3. Changes in the activity (nmol/min/mL) of glutathione peroxidase (GPx) in ostrich muscles as influenced by the
type of packaging and storage time in refrigeration.
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Figure 4. Changes in the activity (nmol/min/mL) of glutathione reductase (GR) in ostrich muscles as influenced by the
type of packaging and storage time in refrigeration.
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Figure 5. Changes (%) in the activity of DPPH free radical scavenging in ostrich muscles as influenced by the type of

packaging and storage time in refrigeration.

Superoxide dismutase.

Meat contains endogenous antioxidants, as the live cells have several mechanisms of
protection against oxidative processes, including antioxidant enzymes such as superoxide
dismutase (SOD), which plays an important role in protecting against damage by the super-
oxide anion radical [29]. According to Filgueras et al. [30], the extent of oxidative processes
in meat is dependent on the balance between concentration of lipidic substances sensible to
peroxidation (i.e., polyunsaturated fatty acids or PUFA) and antioxidant enzymes such as
SOD or glutathione peroxidase (GPx). The activity levels of superoxide dismutase (SOD)
are presented in Figure 2. Overall, the lowest level of SOD activity during the entire stor-
age time was observed in ostrich muscles packed in vacuum, as compared to MAP1 and
MAP?2 packing methods. The lowest value of SOD was observed in vacuum on the 16th
day of storage (1.65 U/mL), as compared to MAP1 (2.05 U/mL) and MAP2 (2.24 U/mL).
Under MAP1 and MAP 2 packaging, SOD levels increased over the storage days in the
current experiment. Under MAP1 SOD activity was significantly lower as compared to
days 8 (2.00 U/mL),12 (1.95 U/mL) and 16 (2.05 U/mL) of the experiment. Under MAP2,
SOD activity was significantly lower on days 0-12 (1.85-1.99 U/mL), as compared to day
16 (2.24 U/mL) of the storage. On the contrary, the level of SOD in vacuum packaging
decreased significantly between day 0 (1.85 U/mL) and day 16 (1.65 U/mL). Similar SOD
activity was shown in studies of rhea meat by [31], ranging from 1.77-2.04 U/mL. In
early studies by Renerre et al. [23], higher SOD activity in bovine muscle (3.0 units 1 day
postmortem) was found. It is probable that in vacuum packaging method, due to anaerobic
conditions, the generation processes of free radical formation were reduced, whereas in
MAP1 and MAP2, a rise in this parameter during storage was observed (Figure 2). It may
indicate an increased, more intensive dismutation process and converting free radicals
into a hydroxyl radical. Similar tendencies of decreased activity of SOD in VP during
storage was shown by Pastsart et al. [31] in beef muscles at day 10 as compared to day 0.
Moreover, Adeyemi [32] recorded decreased SOD activity for the vacuum-packed goat
meat stored up to 8 days. However, results of our study are different from those obtained
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for vacuum packed beef from Belgian Blue cattle stored at —1 °C for up to 28 days after
7 days of display [33].

3.1. Glutathione Peroxidase (GPx) and Glutathione Reductase (GR)

Glutathione is the major metabolite involved in determining cellular redox state, while
the enzymes responsible for glutathione metabolism are glutathione peroxidase (GPx) and
glutathione reductase (GR) [34-36]. An antioxidant function has been classically assigned
to these enzymes. The activity levels of GPx and GR are presented in Figures 3 and 4.
The highest increase in GPx activity occurred in ostrich muscles packed in vacuum, from
day 4 (33.89 nmol/min/mL) of storage to day 8, when this parameter reached maximum
value (54.37 nmol/min/mL). After day 8 of storage, the GPx activity stabilized in VP
until the end of storage time (day 16; 48.4 nmol/min/mL) at a relatively high level in
comparison to ostrich muscle on day 0 (31.67 nmol/min/mL). These data provide evidence
that GPx may protect muscle tissue against degradation, and in consequence, against
the deterioration of the meat quality. In research conducted by Watanabe et al. [37], the
increasing activity levels of GPx during storage time were consistent in fish stored up to
5 days at 4 °C. According to these authors, a decrease in GPx activity can be related to the
hydrolysis of this enzyme by intracellular proteinases during storage or due to enzyme
denaturation [37]. Similar tendencies were shown by Daun [38], where GPx remained
stable after storage time in vacuum packed beef (1.9 U/g) stored in —20 °C up to 14 days,
and vacuum-packed pork up to 4 days stored in 4 °C. The increase in the activity of GPx
enzymes in VAC may be caused by a higher affinity for the generation of secondary free
radicals [39]. The rise in GPx may also be associated with greater protection against the
occurrence of oxidation processes, which is not observed in MAP1 and MAP2. Overall,
the GPx activity in MAP1 and MAP2 was lower and more stable, as compared to vacuum
packaging, especially until day 12, while between 12 and 16 days of storage, a significant
decrease in its activity was observed (Figure 3). On day 16, meat samples packed in MAP
showed the lowest activities for GPx, which was an opposite trend to the superoxide
dismutase activity (Figure 2). The observed tendency for the decrease in GPx activity in
both MAPs was similar to the decrease found in chicken meat during refrigerated storage
by Gheisari [40]. In our study, the higher activity of GPx for meat packed in VAC may
also indicate that under vacuum conditions, antioxidant protection in the meat maturation
processes is taken over by glutathione reductase (GR). In case of GR, its increased activity
in ostrich muscles up to the eighth day of storage in vacuum (15.51 nmol/min/mL) and
MAP1 (14.90 nmol/min/mL) was observed, which was probably associated with the
existence of the muscle tissue protection mechanism against degradation and redox process
reverse occurring in the ostrich meat during storage (Figure 4). GR activity under the
storage continued after day 8 to day 12 indicated a decrease level of GR in MAP1 and VP
(10.72 nmol/min/mL and 10.35 nmol/min/mL, respectively). However, the stabilization
of the GR activity level between the 12th and 16th days of storage was observed only
in vacuum, while under MAP1, further decrease in GR (5.66 nmol/min/mL) occurred
(Figure 4).

3.2. DPPH

The percentage activity of DPPH free radical scavenging is presented in Figure 5. The
potential of DPPH in ostrich meat was maintained on a relatively stable level up to the
eighth day of storage, with no significant differences observed for MAP1 and vacuum
packaging systems. These data suggest that during storage, free radicals were neutralized
by increasing the activity of the antioxidant investigated enzymes. After this period (8 day),
a decrease in DPPH was observed and the lowest level of this parameter was recorded
on day 12 either in vacuum or MAP1 and MAP2 (Figure 5). The results of DPPH activity
levels in the current study were generally consistent with those of Fasseas at al. [41], where
overall DPPH activity of investigated beef meat samples decreased within storage time
from 1 to day 12.
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4. Conclusions

In conclusion, the current study was designed to assess the changes in the activity of
the antioxidant enzymes superoxide dismutase, glutathione peroxidase and glutathione
reductase, as well as DPPH, in ostrich muscles in relation to various packaging systems
and storage time under refrigeration. Based on SOD, GPx and GR activity levels, the
antioxidant protection potential of the cells in ostrich muscles generally decreased after
12 days of storage in all packaging systems except for MAP1 and MAP2 in the case of SOD
and GPx in VP. The increase in the activity of GPx enzymes in VP may be caused by a
higher affinity for the generation of secondary free radicals. In turn, the DPPH in ostrich
meat was maintained on a relatively stable level until the eighth day of storage and after
this period, a decrease in this parameter was reported, achieving its lowest value on day 12
under all types of packaging systems.
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The aim of the study was to evaluate lipid and protein oxidation during refrigerated storage (0, 4,
8, 12 and 16 days) and in vitro gastrointestinal digestion of ostrich meat (M. iliofibularis), which
was packed either under vacuum (VP) or modified atmosphere (MAP) in two combination of
gases 0,:CO,:N,, being 40:40:20 (MAP 1) and 60:30:10 (MAP 2). Lipid oxidation was assessed by
malondialdehyde (MDA), 4-hydroxy-2-nonenal (4-HNE), and hexanal (HEX), and protein oxidation
was evaluated by the formation of protein carbonyl content compounds (PCC). In raw ostrich meat
packed under both MAP conditions, an increase of MDA and 4-HNE levels was observed during
storage, while the MDA value under vacuum was generally stable during 16-day storage. The PCC
concentration under MAP1 and MAP2 after in vitro digestion was at the comparable level during
the storage period. In summary, packaging and storage methods influenced the development of
oxidation processes affecting the final quality of ostrich meat during storage.

KEY WORDS: in vitro digestion / lipid / meat / ostrich / packaging system /
protein oxidation / storage
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Ostrich meat is characterized by low fat level, with a high proportion of
polyunsaturated fatty acids (PUFA) [Horbanczuk et al. 1998, 2018, 2019]. It becomes
popular among consumers worldwide [Cooper et al. 2004, 2007, 2008, Horbanczuk
et al. 2007, 2008, 2021ab]. This dark red meat is also characterized by higher pH
(about 6) as compared to beef or pork [Sales and Horbanczuk 1998, Sales et al. 1999,
Horbanczuk and Wierzbicka 2016, 2017]. Above mentioned features negatively
affected the quality of ostrich meat during storage [Fernandez-Lopez et al. 2006].
Ostrich meat is also rich in heme iron, the pro-oxidative factor which may promote
the degradation of lipids and proteins, leading to undesirable aromas and off-flavors
during storage [Hoffman et al. 2014]. Lipid and protein oxidation in meat damages
the cellular structures of the muscle, which results in loss of the meat quality and its
decreased shelf life [ Vuorela et al. 2005, Seydim et al. 2006].

The most common markers of oxidative processes are malondialdehyde (MDA,
4-hydroxy-2-nonenal (4-HNE), hexanal (HXE) and protein carbonyl content
(PCC). Malondialdehyde is formed during the decomposition of lipid hydroxides
produced during peroxidation of polyunsaturated fatty acids (especially of long-
chain polyunsaturated fatty acids), whereas, 4-HNE is the product of the oxidative
breakdown of hydroperoxides derived from n-6 acids.

Oxidation continues during digestion in the gastrointestinal tract. Method of
meat in vitro digestion simulates the physiological conditions of digestion in vivo and
is very useful for studying and understanding changes, interactions, as well as the
bioaccessibility of nutrients and non-nutritive compounds [Bornhorst ez al. 2014, Van
Hecke et al. 2014, 2015, 2017b, 2019, Lucas-Gonzalez et al. 2018, Li et al. 2020].
The oxidation products emerging during the meat digestion processes may negatively
affect health status of the consumers. The aim of the study was to assess the changes
of lipid- (MDA, 4-HNE, HEX) and protein oxidation (PCC) during refrigerated
storage of ostrich meat in various packaging types, i.e. vacuum (VP) and modified
atmosphere (MAP) in two combination of gases O,:CO,:N, i.e. 40:40:20 (MAP 1) and
60:30:10 (MAP 2). In order to investigate the lipid and protein oxidation in ostrich
meat also during gastrointestinal digestion, in vitro digestion model was applied.

Material and methods

Samples and packaging

Meat samples were obtained from the M. iliofibularis from ostrich (8 in each
group) slaughtered at the age of 10-12 months, weighing between 90 and 95 kg.
Muscles were collected from carcasses 24 h after slaughter. External fat and visible
connective tissue were removed and muscles were cut starting from the proximal side
into 2.5 cm thick steaks (sample weight: 150+15 g). Then, each group of steaks (from
8 ostriches) was either packed under vacuum or under two conditions of modified
atmosphere packaging (MAP). Vacuum packaging was performed within 1 min after

252



Lipid and protein oxidation in ostrich meat

cut by using a Vac-20SL2A packaging machine (Edesa Hostelera S.A., Barcelona,
Spain), during which each steak was packed individually in polyamide/polyethylene
bags (thickness 90pum [20/70], oxygen permeability 50 cm*/m2/24 h, CO, permeability
140 cm®/m2/24 h, water vapor permeability 6-8 g/m2/24 h). The in-package vacuum
level was 2.5 kPa. Modified atmosphere packaging (MAP) was performed in two
combinations of O,:CO,:N, gases in ratios 0f 40:40:20 (MAP1) and 60:30:10 (MAP2).
The steaks were placed on PET/PE trays (parameters: 187%137x50 mm), and the film
used was a 44 um thick PET/CPP + AF laminate with maximum oxygen permeability
not exceeding 10 cm?/m?/24 h/bar (EC04, Corenso, Helsinki, Finland). Samples were
packed with an M3 packaging machine (Sealpack, Oldenburg, Germany). The muscle
samples were stored in a refrigerator at 2°C and samples were collected on the days 0
(24 h after slaughter), 4, 8, 12 and 16 of refrigerated storage.

In vitro gastrointestinal digestion

Thein vitro digestions were performed according to a previously described protocol,
specific for studying oxidation processes during passage in the gastrointestinal system
[Van Hecke ef al. 2018]. The digestions were performed in quadruplicate. In brief, 4.5
g of ostrich meat was sequentially incubated at 37°C for 5 min with 6 mL saliva, 2 h
with 12 mL gastric juice (initial stomach pH of 2.5 to final stomach pH of 3.5), and 2
h with 2 mL bicarbonate buffer (1 m, pH 8.0), 12 mL duodenal juice, and 6 mL bile
juice (small intestinal pH of 6.5). After completion, samples were homogenized with
an ultra-turrax (9500 rpm) and aliquots were stored at -80°C for further analysis.

Oxidation products in meat and digests

Malondialdehyde (free + bound) was measured spectrophotometrically in meat
and digests as TBARS (thiobarbituric acid reactive substances) at 532 nm following
the reaction with 2-thiobarbituric acid in an acid environment after hydrolysis with
NaOH, extraction in 1-butanol, and quantification using a standard curve with
1,1,3,3-tetramethoxypropane and concentrations are expressed as nmol MDA/ml.
[Van Hecke 2017a]. Unbound 4-HNE and HEX in raw ostrich meat and digests
were measured by HPLC following their derivatization with cyclohexanedione,
as previously described [Van Hecke 2017a] with slight modifications, and each
compound was quantified with corresponding analytical standards. Concentrations
of PCC in raw ostrich meat and digests were determined spectrophotometrically
following reaction with 2,4-dinitrophenylhydrazine according to Ganhao ef al. [2010]

Statistical analysis

A generalized mixed model analysis (repeated measures ANOVA) was performed
on all measured parameters in order to determine the fixed effect of packaging treatment
and storage time as a repeated measure, as well as their interaction, separately for the
raw stored ostrich meat and in vitro digested ostrich meat (SAS v 9.4). Ostriches’
identity (bird number) was included in the model as a random factor. There were
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no outliers present in the dataset. Normality and homogeneity of residual variance
assumptions were checked using the Shapiro test and examination of the normal plot,
and these were met by all variables under investigation. The Tukey’s adjustment
option was used to conduct the analysis. For all analyses, results are reported as means
+ standard error of the mean (SEM).

Results and discussion

The changes in MDA, 4-HNE, HEX and PCC values in raw and after in vitro
digestion ostrich meat samples, as influenced by type of packaging and refrigerated
storage are shown in Figure 1-4.

MDA

ns,D N5b NE,b NS,b Wse o T

con vac | MAPL | MAP2 | wac | MAPL MAPZ | wac |MAP1 MAPZ | wvac | MAPL MAP2
control 4 4 4 B B B 12 12 12 16 16 16

— WY e— 1 VILrO

Fig. 1. Levels of MDA (nmol /g) in raw and in vitro digestion ostrich samples, as related to the type of
packaging and refrigerated storage. Mean values bearing different letters for each day within the same
packaging conditions (A, B, C, D), or between packaging systems within the same day (a, b, c,). differ
significantly at p<0.05.

A significant increase of MDA and 4-HNE levels were observed along the storage
of meat packed in MAP1 and MAP2. The MDA value in ostrich raw meat under
vacuum was generally stable during 16-day storage, and no significant differences were
observed across days of storage. Similar results for ostrich meat packed in vacuum
and modified atmosphere without oxygen, stored at 2°C until day 8" was reached by
Fernandez-Lopez et al. [2008]. Moreover, in the study conducted by Seydim et al.
[2006] ostrich meat, which was vacuum packed and stored at 4°C up to 9 days, was
characterized by lower changes regarding lipid oxidation processes as compared to air
packaging system. Overall, the value of 4-HNE increased under MAP1 and MAP2,
whereas in VAC system it was stable during storage. This is in line with the results
obtained for goose meat stored under vacuum and modified atmosphere conditions
which had a higher oxidation rate for MAPs than vacuum [Orkusz et al. 2017]. The
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40,00 5,00
35,00 4,50
4,00
30,00
3,50
25,00 300
20,00 2,50
15,00 2,00
1,50
10,00
1,00
5,00 0,50
0.00 o c T NEe NS,c N5,b NS,b 0.00
con | wvac | MAPL | MAP2 | var | MAP1 | MAPZ | vac | MAP1 | MAP2 vac | MAPL | MAP2
control 4 4 4 g g g 12 12 12 16 16 | 16

— Y — ] VTITO

Fig. 2. Levels of 4-HNE (umol/kg meat) value in raw and in vitro digestion ostrich samples, as related to
the type of packaging and refrigerated storage. Mean values bearing different letters for each day (A, B, C,
NS-not significant) or between packaging systems (a, b, ¢, ns-not significant) differ significantly at p<0.05.

HEX
60,00 30,00
A,a
30,00 . NS3 NSa
40,00 A
15,00
30,00
e L, oo
20,00
5,00
10,00 0,00
ns,C NS NS,b NZ.e NS,c
0,00 -5,00
con | vac | MAPL MAPZ | wac  MAPL MAPZ | vac |MAPL| MAPZ | wvac | MAPL MAP2
contral| 4 4 4 8 g g 12 | 12 12 | 16 16 | 16

— Y — 0 VIETO

Fig. 3. Levels of HEX (umol/kg meat) value in raw and in vitro digestion ostrich samples, as related to
the type of packaging and refrigerated storage. Mean values bearing different letters for each day (A, B, C,
NS-not significant) or between packaging systems (a, b, ¢, ns-not significant) differ significantly at p<0.05.

HEX under MAPI raised during storage days, while under MAP2 on the 8" day, a
statistically significant raise of this parameter level was observed, as compared to
previous storage days. PCC level (Fig. 4) in raw meat samples under MAP2 grew
unsteadily over the days until the level of 4.76 nmol DNPH/mg protein on the last
storage day (16).
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PCC
14,00 10,00

N5,ns 9,00

12,00

NSb NSab

JS NS
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ns,AB B,ns Aa 1,00

con | vac | MAPL MAP2 wac | MAPL MAP2 vac | MAPL MAPZ | wac | MAPL MAP2
control| 4 4 4 8 8 8 12 12 12 16 16 16
— T — 1 VLD
Fig. 4. Levels of PCC (nmol DNPH/mg protein) levels in raw and in vitro digestion ostrich samples, as
related to the type of packaging and refrigerated storage. Mean values bearing different letters for each day

(A, B, C, NS-not significant) or between packaging systems (a, b, ¢, ns-not significant) differ significantly
at p<0.05.

Values of all measured parameters were significantly higher on all experimental
days under both MAP types of packaging, as compared to vacuum one, except for days
8 and 12 for PCC, when no significant differences between methods were observed.
These results are in line with shelf-life duration of vacuum-packed ostrich meat, as
described by Capita et al. [2018].

The significant effect of the interaction between packaging method and day in
in vitro digested ostrich meat samples was observed for the MDA and 4-HNE (Fig.
1 and 2). An increase of the MDA levels after in vitro digestion of the meat samples
between all control points was observed under MAP 2 packaging method. Similarly,
in MAP1 the MDA levels increased regularly over the experimental days, and no
significant difference in the MDA levels were observed between day 8 and 12 (Fig. 1).
4-HNE levels were significantly lower under vacuum at the onset of the experiment
(day 0), as compared to all other experimental days, both in MAP1 and MAP2 (Fig.
2). However, no significant differences in 4-HNE levels were observed along storage
time in vacuum packed samples. The MDA values in MAP and MAP2 after digestion
in vitro on the final experimental day (16) increased significantly in comparison with
the day 0. In case of 4-HNE and HEX, their values raised significantly during storage
time, either in samples after digestion process or in the raw ones. The results obtained
in our study are generally in agreement with the results of digested chicken meat
samples achieved by Sobral et al. [2020]. The value of HEX in the digested samples
under MAP1 and MAP2 was over three times higher at the end of storage (day 16%),
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as compared to the raw meat samples (Fig. 3). The PCC value for MAP1 and MAP2
after in vitro digestion was generally at the same level during the storage period (Fig.
4). Furthermore, according to results of Filgueras et al. [2011] the storage time had
less impact than cooking on protein changes in rhea meat.

Conclusion

Based on obtained results in our study, it can be concluded that the effect of the
interaction between packaging method and day in raw and after in vitro digestion of
ostrich meat was observed for the MDA, 4-HNE and HEX parameters. In MAP 1 and
MAP2 the increase of MDA and 4HNE levels was observed during storage, whereas
the MDA value in ostrich raw meat in vacuum it was generally on the same level
along 16-day storage. The value of 4-HNE overall increased in MAP1 and MAP2,
whereas in VAC system it was stable during storage time. The PCC values for MAP1
and MAP?2 after in vitro digestion were generally at the same level during the storage
period.
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